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Y mociOHuKY 3i0paHO Ta y3aralbHEHO BiJOMOCTI HIOAO0 BHKOPHUCTAHHSI
BOJM y TOXexHil crpasi. Ha migcrasi ananizy (i3HKo-XiMIYHHX BIIACTHBO-
CTell BOJYM BHUKJIAJICHO OCOOJIMBOCTI BHKOPHCTAHHS BOAW IIPU BHPIIICHHI
PI3HOMaHITHHMX 3aJad MOXKEXHOI Oe3neKkH, HacamIiepel, IS NPUIMHEHHS
TOpIHHS Ha MiJCTaBi OXOJOJUKYIO4OI Ta (uierMaTu3yrouoi aii BOIH Ta s
CTBOPEHHS YMOB MOXKEKHOI Oe3MeKn (3aXUCTY BiJ TEIIOBHX KOHBEKLIIHHX
MOTOKIiB Ta BHIPOMIHIOBAaHHS, a TaKOXX BUKOPHUCTAHHS BOIHM IS 3aXHCTY
OymiBeTbHUX KOHCTPYKIIHA B yMOBaxX Mokexi). PosrmsHyTo ¢akropm, mo
BIUTMBAIOTh HA BOTHETACHY €(peKTHBHICTH BOAM, METOIM Ta CIOCOOH ITiIBH-
IIeHHs e()eKTUBHOCTI 3aCTOCYBAHHS BOJH ISl TACIHHS MTOXKEXK.

B nopmaTkax Ha mifCTaBi HOJIOXKEHb TiIPOJUHAMIKU JBOKOMIOHEHTHOI
CHCTEMH HAJ]aHO BUBIJI OCHOBHHX pE3yJIbTaTiB IIOJO BHIIAPOBYBAaHHS Ta
KOHZIeHcallil BOJSHOI Mapy B Ta30BOMY CEPEIOBHIIII, a TAKOXK HaBEIEHO Ia-
pameTpu raciHHs (aKTHYHHUX TTOKEX.

[lociGHMK MOXKHa BHMKOPUCTOBYBAaTH y HaBYaJbHOMY IIpOLeCi INpH
miarotoBni 0OakajaBpiB, CHEHIANiCTiB, MaricTpiB Ta aX’IOHKTIB 3a
cnenianpHicTio "[loxkexna 6e3neka". BiH Takoxk Moxke OyTH KOPUCHUM IIH-
POKOMY KONy CHEHiamicTiB (HayKOBIIB Ta MPaKTHYHHUX MpAI[iBHHUKIB), SKi
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BCTYII

[Ipobnema 60poTHOU 3 MOXKEKAMU € BAKIUBOIO JEPIKABHOIO
3aJ]auero, aKTyallbHICTh K01 3yMOBJE€Ha 30UIbIICHHAM MaclTaliB
BUPOOHMIITBA, X IHTEHCU(DIKAIIIE€I0, aBTOMATHU3AIII€I0, XIMI3aIlI€T0, a
TaKOX 3aCTOCYBaHHSIM DPI3HMX T'OPIOYMX PEYOBHH, SIKI MAOTh Mij-
BUIIECHY M0KEKOHEOE3MEKY.

[Toxkexi CIpUUMHAIOTH 3HAUYHUI MaTepiajJbHUM Ta €KOJIOrid-
HUH 30MTOK 1 B psAZl BUNAJAKIB IPU3BOJATH J0 BaXXKHUX TPaBM 1 3a-
rubeni moaen. 30UTKU BiJl HOXKEX y IPOMUCIOBO PO3BUHEHUX Kpa-
iHax mepeBHIyOTh 1% HaIioHanTBFHOTO MPUOYTKY 1 MAIOTh TEH/ICH-
IIf0 10 TIOCTIHHOTO 3POCTaHHs, MPUYOMY CTPUMYBAHHS 301JIbIICH-
HS PO3MIpIB LUX 30UTKIB JOCSTAETHCSA JIUIE 3aBISKH 1CTOTHOMY
30UTBIIIEHHIO BUTpPAT, [0 HANPAaBIAIOTHCS Ha ITIBUIICHHS TEXHIY-
HUX MOJJIMBOCTEH MOXKEKHUX CIYXO 1 MPOTUIMOKEKHUX CHUCTEM.
Tak, 3a maHuMHU cTaTUCTHKU 3a mepion 3 1999 mo 2003 poku Ha
VYkpaini BuHukio 277254 noxexi ta 3aropstaas (puc.l). [Hoxexa-
MU HaHECEHI MpsMi MaTepiajabHI 30UTKH Ha cymy ToHaja 346 MITH.
rpH. Ha nmoskexax 3arunysno 16521 ocoba, 3 Hux 673 nuTHuHH, Tpa-
BMOBaHO 8206 4oJ1., 3HUIIEHO Ta MOIIKOKEeHO 92766 OyiBenb Ta
cnopyn, 10709 onuuunps TexHiku, 3arunyiio 4013 roinis Xyaoou.

VY 2003 pomi moaeHHO B YKpaiHi B CepeHHOMY BHHHUKAJIO
168 mokexx Ta 3aropsHb, €KOHOMIUHI BTPaTH BiJ SKHUX CKJIAJald
1,2 MJIH. TpH., CEpeIHI MaTepiaJIbHI BTPATH BiJ OJHIET TOKEKI — 7,2
TUC. rpH. KoXXHOTO JHS BHACTIIOK MOXeX THHyIo 11 1 oTpumyBaso
TpaBMH 5 0Ci0, BOTHEM 3HHINYBaJIOCh 57 OyaiBens Ta 7 OJUHHUIID
TEXHIKH.
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Puc. 2 - TlopiBHSUTHHI J1aHi 111010 BUKOPUCTAHHS BOTHETACHUX PEUOBUH



OCHOBHOIO BOTHETAaCHOIO PEUYOBHHOIO 3aJIMIIAEThCS Boja. Jla-
Hi TI0 BOTHETaCHUM PEYOBHHAM, 1[0 BUKOPHCTOBYBAJIHCS IS TaCiH-
Ha nokex npotsarom 2002 ta 2003 poky, HaBeneHi Ha puc. 2. 3a
CTATUCTHUKOIO Ha raciHusg noHang 90% Bin 3araiabHOT KUIBKOCTI I10-
KEXK, SIKI TACWINCS NEPBUHHUMH 3ac00aMHU TOXKEKOTaciHHA, Mo/aa-
Bajacs BOJa, Jlajil UIyTh MOPOIIKOBI BOrHETacHUKH (61u3bko 5%),
BYTJIEKUCIIOTHI BOTHEracHUKH (2%), nmoxkexkHi kpanu (1,5%), minHi
BorueracHuku (0,5%), Boraeracuuku aepo3oibHi (0,1%), Boraera-
cuuku xaagaoHosi (0,01%).

HesBaxkatoun Ha AN psii TO3UTUBHHUX PE3yJIbTATIB B PO3-
poOI11i HOBHX crIOCcO0IB 1 3ac00iB raciHHs, [0 HAsBHI B Il Yac Ha
030pOEHHI TOKEKHO-TEXHIYHUX CIIYKO, CIOPSAKEHHS 4acTO HE
BIJINOBI/Ia€ CyYacHUM 1 THM OLIbIIE TIEPCTICKTUBHUM BUMOTaM. Y
3B’SI3Ky 3 BCTaHOBIEHHSIM (DakTy HeOe3MeYHOro BIUIMBY BOTHETac-
HUX XJIaJIOHIB Ta iX MPOAYKTIB PO3KJIaJaHHSI HAa 030HOBUH map 3e-
MJIi, BUHUKJIA ITpobJieMa iX 3aMiHM Ha 1HIII BOTHETacHI PEYOBHHH,
K1 32 e()eKTUBHICTIO BIUIMBY Ha OCEpPEAOK MOXKexi Oyau 6 Oau3bKi
JI0 HUX 1 HE BUSBIUIA IIKIJUTMBOTO BIUIMBY Ha HABKOJIMIITHE cepe-
noBuile. B ocraHHl poku B 6aratboxX 1HAYCTplaJIbHO PO3BUHEHUX
KpaiHaX IHTEHCHBHO BEJETHCS MOIIYK 1 po3poOKa BOTHETACHUX pe-
YOBHH, SIKI MOTJTIM O CTaTH 3aMiHOIO BOTHETaCHUX XJ1a/I0HIB. HapiBHi
3 pO3pOOKOIO 1 BIPOBAKEHHSIM B MPAKTUKY HOBUX BOTHETACHHUX
3aco0iB, 0araro (haxiBIliB MOKEKHOT OXOPOHHU MPOJIOBKYIOTh MPH-
JTUISTH NWIBHY YBary BOJI SIK OZIHOMY 3 HaHOUIBII IIMPOKO PO3IO-
BCIO/DKEHUX 1 HaWOUIbII YHIBEpCaJbHUX 3ac00iB, SKUN 3aCTOCOBY-
€ThCS JUTsl TaciHHs moxex [1, 2].

Bonga wnaniiina W edekTHBHAa MiJ Yac TaciHHS TOXKEX,
OB’ sI3aHUX 3 TOPIHHSM PEUOBUH Y BCIX TPhOX arperaTHUX CTaHaXx.
OpHak, TIpu TaciHHI BOJIOIO, B OUIBIIOCTI BUMIAIKIB Ye€pe3 HETOCKO-
HAJIICTh TEXHIKM T0Jayl 1 PO3MHJICHHS BOJAM, a TaKOX BHACIIIOK
psy 1HIIUX IPUYUH HE Peali3oBYIOThCS ii yHIKaIbHI (i3UYHI BlIac-
THUBOCTI.

OO6macTh 3aCTOCYBaHHS BOJM B TIOXKEXKHIN CIpaBi TyXe pi3-
HOMaHITHa. Boly BUKOPUCTOBYIOTH JUISl TACIHHS MOXKEXK Y BUI CY-
[IBHUX 1 KpAINIMHHUX BOASHUX CTpyMeHiB. [lomaBaTu Boy B oce-
pPEIOK TOpPIHHS MOKE ONEpaTop NpU BUKOPUCTAHHI IEPECYBHUX



TEXHIYHUX 3ac00iB TOJai, UM BOJa MOXKE MMO/IaBaTUCS Yepe3 CTalli-
OHapHO BCTaHOBJICHI 3poIryBadi. Boga Moxke 1moiaBaTiCs B 3pOIIy-
Badl Ha IIOYATKOBIH cTalil BUHUKHEHHS I10KEK]1 YU ITICIIS 3aKiHYEH-
HSl IEBHOT'O IIPOMIDKKY 4acy 3 MOMEHTY BUHUKHEHHS MOXKEX1 (SKIO0
Mo/Iayy BOJM BKIFOYAE OMEPATOp 3a CUTHAIOM). YCi Il 0COOTUBOCTI
BIUIMBAIOTh HA MPOIEC TaCiHHA MOXKEX, a, OTXKe, 1 MOTpedu y BOi
JUIs yCIIIIHOT OOpOTHOM 3 HUMHU.

dakTopamu, 10 00YMOBIIOIOTH IOCTOTHCTBA BOJU SIK BOTHE-
racHoro 3acoQy, € JOCTYNHICTb 1 JIeIIeBUHA, IPOCTOTA 30€peKEHHS
1 3aCTOCYBaHHS, BIJICYTHICTh OTPYWHOCTI 1 3HaYHa TETUIOEMHICTb,
BITHOCHI XiMiYHa 1HEPTHICTh Ta TEPMiYHA CTIHKICTh, sKa HabaraTo
MEPEBUILYE TEPMIYHY CTIHKICTh 1HIIUX HETOPIOYUX piauH. Bucoka
PYXJIMBICTh 1 Maja CTHCKYBaHICTh 3a0€3MeuyIOTh JIETKICTh TpaHC-
MOPTYBaHHS BOAM 1 JOCTaBKHM ii (y BHMJI CYLUIBHUX CTPYMEHIB) y
30HY TOpIHHS, BiJ/IaJeH] 1 BAXKKOJOCTYITHI MiCIIsl.

Bononiroun psaoM IiHHUAX SKOCTEH, BOAI MpUTaMaHHI i 1CTO-
TH1 HEJOJIKU: €JEKTPONPOBIAHICTh (0OCOOIMBO 32 HASIBHOCTI JIOMi-
IOK), BiZIHOCHO BHCOKa TEeMIIEpaTypa 3aMep3aHHsl, 110 HaJ3BHYaii-
HO YCKJIQJHIOE 3aCTOCYBaHHS BOJM 3a HU3bKUX B1J] €MHUX TeMIlepa-
Typ, TIOPIBHSHO MaJjia B'SI3KICTh 1 BUCOKUN KOE(DIIIEHT MOBEPXHEBO-
IO HaTATy, 10 OOYMOBIIIOIOTH MOTIpIIEHY 3MOYYBaJbHY 3/1aTHICTh
BOAM 1 TUM CaMUM 3HWXKYIOTh KOE(IIIEHT i BUKOPUCTAaHHS B IpO-
ecl racigHs.

Crin 3a3HayuTH, IO BOJY BHKOPHCTOBYIOTH HE TUIBKH IS
TaciHHS MOXKEX, ajle i B yCTAaHOBKaX, MPU3HAUYEHHUX JUIsI CTBOPEHHS
YMOB MOXEXHOT Oe3MeKu. 3HayHa TEIJIOEMHICTh 1 BUCOKA TEIUIOTa
BUIIAPOBYBAaHHS BOAM 3a0€3Meuyl0Th €(PEKTUBHE OXOJOIKEHHS He
TUTBKY MaJarounx 00'€KTiB, alie i 00'€KTiB, pO3TAIIOBAHUX MTOOIU3Y
ocepeKy TOpiHHS, 110 J103BOJISIE 3aM00IrTH PYHHYBaHHIO, BUOYXY 1
3aropsiHHI0 OCTaHHIX. TakWM YHWHOM, BOJA € HE TUIBKH IIMPOKO
MOLIMPEHUM 3aCO00M MOXKEKOTACIHHS, ajie i yHIBEpCalbHUM O0XO-
JIOJKYIOUUM 3aCO00M.

OCKITBKM YMOBU BUKOPHUCTAHHSI BOJYU JUISI TTOKEKHUX I[N
Iy>Ke pi3HOMaHITHI, AOIIIBHO PO3AUINTH 3arajbHy 3aJady Ha psij
CaMOCTIMHHUX, XapaKTEePHUX JUIsI KOXKHOI KOHKPETHOT 00J1acTi 3acTO-
CyBaHHsI BOJU B MOXEXHIH CIIpaBi.



I''IABA 1. BJJACTUBOCTI BOAU

Boga — Haiibunp11 nonyssipHa 1 Half3araJKoBilla piiuHa 3 ycix
icHytounx Ha 3emui. [IpoTarom cTomiTe 6araTo BUEHUX 3aliManucs
il BUBYEHHSIM 1 3aBJISKH 1X JOCIIJDKEHHSIM OYJIM BUSBICHI aHOMaJIb-
H1 BJIACTUBOCTI BOJIH.

Po3znia 1. @iznyHi BJIaCTHBOCTI BOAH

Sk BiIOMO, BOJa MOXKE 3HAXOJHUTUCS B TPHOX arperaTHUX
CTaHax: TBepaoMy (J1i7), piAKoMy Ta razomnoaioHomMy (mapa). Uucra
MIPUPOJIHA BOJA 32 HOPMAILHUX YMOB — piiHa 0€3 3amaxy, CMaKy
Ta KOJIBHOPY.

CraH cUCTeMHU ONHCYETHCS CYKYIHICTIO ii BIacTHBOCTEH (200
BJIACTUBOCTEH (ha3 — TOMOTE€HHUX YaCTHH CUCTEMH, BIJUTIJICHUX BiJ
IHIIMX YaCTUH BUJAMMHUMHU MOBEPXHSIMU PO3ILTY) — TEMIIEPaTypoIo,
THUCKOM, Macol0, TYCTHHO, XIMIYHUM CKJIQJIOM, a TAaKOX 3B'I3KaMU
MDX 3MiHAMH [UX BJIACTUBOCTEH. Ha moBepXHAX po3aily Jeski ma-
paMeTpu CHCTEMH 3MIHIOIOTHCS CTPUOKOMOMIOHO (HANpUKIIAI, Ha
MEX1 pO3AUTY MOXYTh CTPUOKOMOTIOHO 3MIHIOBATHCS XIMIYHHMA
CKJ1aJ a00 TYCTHHA).

Jliarpama cTaHy — HAOYHHUH cIIOci® mpeacTaBiIeHHs obmacTen
ICHYBaHHsI Pi3HHUX (a3 B 3aJIEKHOCTI Bijl 30BHINIHIX YMOB, HalpH-
KJIaJ, BiJl TUCKY 1 Temmeparypu. [Ipu po3risai giarpaMu ctaHy He-
00XiJTHO BHU3HAYWUTH KUIBKICTh KOMITOHEHTIB, YHCIO (a3 Ta 4YUCIIO
CTYTICHIB CBOOO/IH.

Uucno cryneniB cBoboau f o3Hauae KiIbKICTh HE3AJICKHUX
nepeMiHHUX (THCK, TEMIIEpaTypa, KOHIIEHTPALlisi KOMIIOHEHTIB), SIKi
BU3HAYAIOTh TEPMOJMHAMIYHUI CTaH PIBHOBaru CHCTEMH. 3HAYCH-
HS [IUX TMEPEMIHHUX MOXHA Y BIJIOMHX MEXaX JOBUIBHO 3MiHIOBA-
TH, HE MIHAIOYH Yncia ¢a3 B CHCTEMI.

VY BuUmNaAKy AUCTWIBOBAHOI BOJAU CHUCTEMA CKIANAETHCS 3 OA-
Horo komrnoneHnta H,O, HaiibinbIie uncio a3, sKi 0JHOYaCHO MO-
JKYTh 3HaXOJUTHCS B PIBHOBa3i, JOPIBHIOE TPHOM. Y BiJIIOBITHOCTI
no nmpaBwia ¢a3 ['i66ca, yucio cryneHiB cBodoau f piBHOBaKHOT
TEPMOJMHAMIYHOT CHCTEMH, Ha $KYy 13 30BHIIIHIX YHHHHKIB



BIUIMBAIOTh TUJIBKM THUCK 1 TeMIIEpaTypa, JOPIBHIOE UUCIy KOMIIO-
HEHTIB cuctemu N 1witoc 2 i minyc uucio das K:

f=n+2-k

OTxe, A7 9MCTOI BOJU YMCIIO CTYINEHIB CBOOOJM JIOPIBHIOE
Hymo. lle o3Hauae, 1m0 cucreMa € 1HBapiaHTHOIO 1 B HI HE MOXHa
3MIHUTH Hi THCK, HI TeMIepaTypy, 11100 He 3HUKJa ojHa 3 (a3. [ia-
rpaMy CTaHy BOJM IIPEICTABICHO HA PUCYHKY 1.1.
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Puc. 1.1 — ®a3oBa giarpama cTany BoJau

3BUUaliHUM 1], pifKka BoJa 1 BOAsSHA Mapa MOXYTh ICHyBaTH
B piBHOBa31 ojHOYacHO TUTbkH mpu THCKY 0,61 kIla i Temmepatypi
0,0075°C. Touka cmiBiCHyBaHHsSI TpbOX (a3 HA3UBAETbCA HoOmPpiil-
Hoto moukoto (Touka 0).

Kpusa OA Bigainse ob6nacts piiuHU BiJ 00sacTi 1501y. Bona
€ KpHUBOIO piBHOBaru "TBepaa (asza — piauHa" 1 Ha3UBAETHCA KpU-
6010 nnaenennsa. llg kpuBa moKa3ye Ti B3a€MOIOB'sI3aHI Hapu



3HA4YeHb TeMIlepaTypu 1 THCKY, 3a SKUX JiJ 1 piJika BoJa 3HaXO-
IaTbes B piBHOBa3l. Kpusa mnaBieHHs OA pociiikeHa 10 AyxKe
BHUCOKOTO THCKY, JIe BUSBJICHO JAeKiIbKa MOIU(IKaLii JbOTY.
KpuBa OB Ha3zuBaeThCsi Kpueorwo cydaimayii 1 Iokazye B3ae-
MOTIOB'SI3aH1 Mapy 3HAUY€Hb TUCKY 1 TEMIIEPATypH, 32 SIKUX B PIBHO-
Ba3l 3HAXOJATHCS TBEPAA 1 ra3onoAioHa ¢azaniy i BoAsHA mapa.
Kpusa OK po3zinse o6nacTi mapu i piiuHu 1 sABjIsie o000 3a-
JIeKHICTh TUCKY HAaCHMUYEHOI BOJIIHOT apy Bij Temrepatypu. HaBiTb
3a HU3BKUX TeMIIepaTyp BOja Ma€ MOMITHUH THUCK napu (tadu. 1.1).

Tabmumnsa 1.1 — Tuck HacuyeHOi Mapu BOAM B 3aJEKHOCTI BiJ
TEMIIEPATypU

t, °C 0 20 40 60 80 100

Puap, kIla | 0,61 2,33 7,39 19,9 47,3 101,3

KpuBa OK mnokasye Ti B3a€MOIIOB's3aH1 3HAYEHHS TEMIIEpaTy-
pH 1 THCKY, 3a SIKHX Pi/IKa BOJa 1 BOJASIHA Mapa 3HaXOAAThCS B PiB-
HOBa31 Mk co0010, TOMY BOHA Ha3UBAETHCS KPUBOI0 pieHosazu "pi-
ouna — napa' ab0 Kpueoio KUninus.

KpuBa kumiHHS mpaBoOpyY 3aKiHUYE€TbCS B KPUTHUYHIM ToUIll
K.Y KpuTHuHiil TOULli BEJIMYMHH, 1110 XapaKTEePU3yIOTh BIACTUBOCTI
PIAMHMU 1 MapH, CTalOTh OJHAKOBUMH, 1 MPU LIbOMY 3HUKAE BIIMIH-
HICTh MIXK PIJKUM 1 MaponoJiOHUM CTaHOM. 3HAUEHHS TeMIepaTy-
pH, TUCKY Ta T'YCTMHU BOAM B KPUTHUYHIN TOYLl MpEACTABIIEHI B
Tabaum 1.2.

B nopiBHSHHI 3 1HIIMMU XIMIYHUMH CIOJIYKamH, BOJIa BUSB-
7€ He3BMYalHI BIAXWICHHA 3a psAAOM (Di3MUHUX BIACTUBOCTEH —
I'YCTHUHOIO, IUTOMOIO TEIUIOEMHICTIO, B’ SI3KICTIO Ta 1H.

bararo ¢i3n4yHHX BIACTUBOCTEH BOJAM MalOTh aHOMAJbHUN
xapakrtep. Tak, peUOBUHH-aHAJIOTH BOJH, MOJIEKYJIH SKHX 32 XIMiY-
HUM CKJIaJIoM CXO0Xi1 Ha Boay, - H,S, H,Se, H,Te, 3a kimHaTHOT Te-
MIIEpaTypH 3HAXOJAThCS B ra30noAi0HOMY cTaHi. 31aBajnocs 0, BO-
na, 30epexu BOHA Taki * BJIACTMBOCTI, MOBHHHA O 32 HOpMaJIbHUX
YMOB 3HaXOJUTHUCS B ra30noJI0OHOMY CTaHi, 3aKHMATH MPU TeMIle-
parypi —70°C, a nepetBoproBatucs B iz pu —90°C.
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Tabmuus 1.2 — OcHoOBHI (i3U4HI BIACTUBOCTI BOAM INPH THUCKY

1,01-10° TTa

IHapamerp 3HauyeHHs
Temnepatypa 3aMep3aHHsl, IJIaBJICHHS 0°C
TemmnepaTypa KUIMHHS 100°C
TernnoTa naBIeHHS 333,7 kJDK-KT
Tennora BunapoByBaHHs npu 20°C 2254 kJIK-Kr
I'yctuna Hacuuenoi BoasHoi napu mipu 100°C 0,6 KI'M
I'yctuna Bosu 3a TemMmepaTypu
0°C 999,84 kr-m >
4°C 999,97 kr-m >
10°C 999,73 kr-m >
20°C 998,2 kr-m
100°C 958,35 KT-M >
KputnuHi KOHCTaHTH:
TeMnepaTrypa 374,2°C
THCK 221,2:10° TTa
I'yCTHHA 329 kr-M >

[TuTOoMa TEIIOEMHICTH

asoxy npu 0°C

Bosu nipu 20°C

napu (y aianazosi Big 100 go 1000°C)

2,035 xJlx-kr K
4,178 xJlx-kr K™
2,52 xJlx-xr K

Koedimient Termnonposianocti mpu 20°C

0,599 Br-m K

KoedirienT kiHeMaTHYHOI B'SI3KOCTI MPU
0°C
20°C

1,789-10° m*-c !
1,005-10% m*-c!

Koepiuient aunamivnoi B'si3kocTi npu 20°C

1,004-10° H-c-m >

Koediient noBepxHeBoro Harary npu 20°C

72,7 10° Hm'!

BinHocHa nienekrpuuHa crana npu 20°C

81

[TuToMa enexTpu4Ha NPOBIAHICTH BOJM MIPH
0°C

20°C

50°C

0,01x10° Om'm!
0,04x10° Om™'m!
0,17x10° Om'm™!
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OnHak HasBHICTh CHJIBHMX MIKMOJIEKYJISIPHUX 3B'SI3KIB 00Y-
MOBJIIOE TIepeOyBaHHS BOJU B piAKOMY cTaHi. Tak, MOJEKyJy BOAU
MOJKHa PO3IJIAJATH SIK TPUKYTHY Mipaminy TeTpaepuyHOro THUILY,
M0 KyTax SIKOi PO3MIIAIOThCS YOTHPHW 3apsau: J1Ba TO3UTUBHUX
(MpoTOHM) 1 [Ba HETATUBHUX (HEMOJIIJIEH] MApH €NIEKTPOHIB KUCHIO)

[3].

a 6

Puc. 1.2 — Mogens monekynu Bogu 3a H. beeppymom:
a — opOiTasi aTOMIB KMCHIO 1 BOJHIO B MoJiekyal HyO;
0 — po3TalllyBaHHs KPalKOBHX 3apsiliB Haraaye TerpaeipuyHy ¢i-

Iypy.

i 3apsau popmMyroTh CBOE HAMONMKUE OTOUEHHS, pO3BEpTa-
I0OYU MOJIEKYJI TOYHO MEBHUM YHHOM, TaK, 1[0 MI>K JJBOMa aTOMaMH
KHCHIO 3aBXKIM 3HAXOIUTHCS TUIBKH OJMH aTOM BOJHIO. BuHmkae
38’130k O-H---O, 1110 HAa3UBAETLCI 600HEGUM 36'A3KOM 1 BU3HAUAEC
YHIKaJIbHI BIIaCTUBOCTI BOJIH.

Came HasBHICTh BOJIHEBHX 3B’SI3KiB OOYMOBIJIIOE aHOMAJIbHY
3aJIe)KHICTh TYCTHHH 1 TTUTOMOI TETUIOEMHOCTI BOJM Bij Temrepa-
TypH.

I'ycTuHa BOAM 3aleXUTh BiJ Temmeparypu (nuB. Tabdmn.1.1) i
nocsrae makcumymy npu 4°C. Tlutomuit 06’eM IpU 1[LOMY 3MEH-
HIYETbCSA 10 MiHIMaJbHUX 3Ha4yeHb. [IpH 3HWKEHHI Temrmeparypu
Bix 4 10 0°C Boma po3muproeThes. 301IbLIeHHs 06’ €My TIPH 3aMep-
3aHHI BOAM CTaHOBUTH Omm3bko 9%, mnpu 1BOMY JTiHIKHE
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po3mupeHHs cTaHoBUTh 3%. Lle € mpuunHOIO pyHHYBaHHS CTIHOK
MOCYJIH, TPyOOINPOBOIIB 1 IJIAHTIB MIPHU 3aMEp3aHHI BOAU. Y TNpH-
POl 1ie SBHILE MOXHA CIIOCTepiraT, HampuKial, Ipu 3aMep3aHHi
piK, o3ep Ta iHImUX Bojoumuil. Bonxa 3 temmepatyporo 4°C uepes
OUIBIIY TYCTUHY OITyCKAa€ThCS BHU3, & JiJ, K OLIbII JETKUM, MiIHI-
MA€ETHCS Bropy i YTBOPIOE MOKPUTTS, SIKE 3aXHIIAE BOJOWMUIIIE BiJ
nojanpuIoro npomepsanHs. [Ipu 0opoTeOi 3 MOXKekaMH, 3aBJISKU
L1 aHOMAaJii, IPEACTABISIETbCA MOXKIMBUAM IIPH B1JI’€MHUX TeMIIe-
patypax JIiCTaTu BOJY Ui TaCiHHS 3 INIMOOKHUX BOJODKEpEI.

[TpuunHOIO Takoi aHOMallii BOAM € 3MiHA ii MOJEKyJsIpHOL
CTPYKTYpH TNpH 3MiHI TeMIEepaTypd. 3a HHU3bKHX TeMIepaTypax
PO3MIILLIEHHST MOJIEKYJT Y BOZI Mae "aXypHHUIl Kapkac" 3a paxyHOK
TBEPJIOCTI BOJAHEBUX 3B's13KiB. [Ipu migBUINEHH] TeMIepaTypH BOJ-
HEBI 3B'A3KM BTPA4alOTh CBOIO JKOPCTKICTh, 3THHAIOTHCS, BUHHUKAE
OLTBII ITITPHE YITAKyBaHHS B PO3MIIIEHHI MOJIEKYJ Boau. B iHTEp-
Baii Temmeparyp Big 0 no 4°C 30UIbLICHHS T'yCTUHH, BHACIIIOK
TT1IBUIICHHS IIUTPHOCTI YITAKOBKH MOJIEKYJI, TTIepEeBaXKa€e HaJl TEILIO-
BUM PO3LIMPEHHSM 1 3a Temneparypu 3,98°C Boia Mae MakCHMaJlb-
Hy rycTuHy. [Ipu nmoganemomy HarpiBauHi Big 4 no 100°C cnocre-
piraeTbcst HOpMaJibHE 3HIKEHHSI TYCTHHH BOJIH.

Bona mae nyxe BuCOKy muToMy TemsioeMHicTs. Hampukian,
3a HOPMaJIbHUX YMOB ITIUTOMA TEILUIOEMHICTS (Cp, kJx-kr K™ poc-
JUHHOT oJ1ii cTaHoBUTH 2,09, aneTony — 2,22, rininepuny — 2,43, na-
padiny — 2,91, a Bogu — 4,18. Bucoka TenjaoeMHICTh BOAU € Hac-
J1IKOM BUTPATH YAaCTUHH TEIUIOTH Ha PO3PUB BOJIHEBUX 3B'A3KiB. B
MPUPOJHUX YMOBaX BOJA MOBUIBHO OCTUTAE 1 MOBUILHO HArpPiBAETh-
csl, SIBIIIOYKMCH PETYIISATOPOM Temreparypu Ha 3emimi. Kpim Toro,
IIpU HarpiBaHHI PEYOBHUHHU TEIUIOEMHICTb, SIK HPaBUIIO, 3POCTAE.
OnHak, BoJa — BUK/IIOYEHHS. 3MiHA TEIUIOEMHOCTI BOJIM 3 IIiJABH-
IIEHHAM TeMIeparypu anoMaibHa: Bix 0 no 37°C BoHa najae BHa-
CJIZIOK 3MEHILIEHHS CTYIEHs acolliailii MOJIEKYJ BOAM, 1 TUIbKU BiJl
37 1o 100°C — noumnHae migBUIyBATHCS.

3 pe4oBUH, npeacTasieHux y JoBiaHuky ximika [4], TUIbKH 5
MAIOTh CXOBAaHy TeIUIOTy MmaBiaeHHs Buite 200 kJDk-Kkr': Mimp,
3ayi30, JijA, adioMiHii, xmopuctuid HaTpid. Kpim TOro, sKmo miin
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OXOJIO/DKYBATH Bil TemmepaTypu —7°C, TO CXOBaHa TEIUIOTA ILIaB-
nenns magae Ha 2,1 kKDK-KT i3 KOXKHIM rpagycom. Takum 4HMHOM,
BUXOJIUTh, 1[0 YUM XOJIOAHIIIIE JIiJI, TUM JIETIIE HOro PO3TOMUTH.

IIle oxHa aHOMAaJIisl BOJU MOJISTAE B TOMY, 11O TPHU 301IbIIEH-
HI THUCKY TemIiepaTypa IJIaBJIeHHs JbOy HE MiJABHUILYETHCS, a 3HU-
xKyeThest. Ha miarpami crany Boau (puc. 1.1) kpuBa ruaBneHas OA
HaxXWJIeHa JIBOPYY B CTOPOHY HU3BKUX TemIepaTyp. SKII0 X micis
3aMep3aHHsA TUCK MEPEBUIIYE MEBHY BEIUYMHY, TO YTBOPIOIOTHCS
iHI11 Moau@ikallii oy, sIKi MalOTh TYCTHHY OUIBIINY, HDK Y 3BH-
YaifHOTO JIbOJTYy, 1 HaBITh OUIBILIY HIXK y piakoi Bogu. ToMy HIiTBHO
3aKpHUTa TOCYJIMHA 3 3aMEP3JI0I0 B HiMl BOJOI HE PO3ipBETHCH, SIK-
10 Tepes 3aMEeP3aHHAM BOJla BXKE 3HAXOJAMJIAcs MiJ] BUCOKUM THC-
KOM.

Tennora mapoyTBOpPEeHHS BOJIU € JyXK€ BUCOKOIO. 3 PEUOBHH,
npejcTaBieHux y JOBITHUKY XiMiKa, TUIBKH 7 MalOTh CXOBaHy Tell-
oty napoytBoperHs Bume 400 kJ[K-Kr: MpUIKH, aHiTiH, cipuaHa
KHCJIOTA, alleTOH, eTHJIOBHI CIIUPT, METHJIOBUM ciiupT 1 Boja. [Ipu-
YoMy TEIUIOTa MapOyTBOPEHHS BOJAU OiIbIE HIK Y JBa pa3u Iepe-
BepIye Ied mapaMeTp IS KOXKHOI 13 3a3HaueHUX pedoBUH. Lls
BJIACTUBICTh OOYMOBIIIOE HAJ3BUYANHY OXOJIO/DKYIOUY 3/IaTHICTh
BOJIM, 110 MAa€ BEJIMKE 3HAUCHHS HE TUTLKH TP TacCiHHI MOXKEK, aie
1 TIpU CTBOPEHHI YMOB TTOXKEKHOT OE3IEeKH.

AOCOIIOTHO YHCTA BOJA, KA HE MICTHTH HISKHX HOMIIIOK 1
pPO3YMHEHUX Ta3iB, Mae€ (EeHOMEHAIbHUN IMOBEPXHEBUU HATAT. 3
yCiX BiIOMHX Ha CHOTOJHI PiIMH CHUJIM MOBEPXHEBOT'O HATSTY BOJAU
3a CBOEIO MIITHICTIO MMOCTYNAIOTHCS TUTBKU PTYTI.

Ta6mung 1.3 — IMosepxueBuil HaTAT pisHUX pigun npu 20°C

Piguna IToBepxHeBH HATAT (I[)K-M'z)
Bosa 72,8.10°
bpomucruii etun 24,2.107
YoTupuxJIopucTuii Byrieib 26,8.10”
XTIOpUCTH €TUIIEH 38,7.10”
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[ToBepxHeBuil HATAT piIUH OOYMOBIIEHHM THUM, 1110 CTaH JEKi-
JBKOX HaMOIMKYUX MOBEPXHEBUX IIapiB aTOMIB, MOJIEKYJ abo 10-
HIB I1i€1 pe4OBUHM BIJPI3HIETHCS BiJl CTaHy BHYTpIilIHIX mapiB. Ha
MOJIEKYJIY PIAMHH, 110 3HAXOIAUTHCSI BCEPEANHI pe4OBUHU (Y BHYT-
pillHBOMY mIapi), 3 yciX OOKIB JAilOTh OJHAKOBI CHJIM MPUTATAHHS
TaKHUX K€ OTOUYIOUHUX 11 MOJIEKYJI, a Ha MIOBEPXHI PO3ALTY MOJIEKYJIa
a00 CTUKAETHCS 3 TAKUMU K MOJIEKYJIaMU, ajie B MEHIIH KiJTbKOCTI,
SKIIO 1Ie mapa, abo 3 MoJeKyJaMu 1HIIO1 peyoBHHH. PiBHOIirOoua
CHJI, IO JIIFOTh HA MOJIEKYITY, sIKa 3HAXOJUThCS Ha MOBEPXHI poO3/i-
1y ¢a3, cnpsMOBaHa BCEpEAMHY PIAMHU, 1 TOMY MOJEKYJIH PiAMHU
IParHyTh OIyCTUTHUCS B IIapH, sKi JexarTs Huxk4de. HanpyxkeHicTs
MDKMOJIEKYJIIPHUX CHJI B JOTHYHHUX IIapax Ha TPaHUI PO3JLTY
(a3 BU3HAUA€E MOTEHIIIITHY €Heprito Mixk(a30Boi MOBEPXHI, sSKa Ha-
3UBAETHCSI HOGEPXHEBOI0 enepeicto. PoOoTa mepeBoly MOJIEKYJ Ha
MIOBEPXHIO PIIMHU BUMarae BUTPAT €HEprii, XapaKTepHOI [T KOX-
HOI pEYOBUHH, 1 HA3UBAETHCS HoGepxHesum namsazom. e ta po6o-
Ta, Ky Tpeba 3aTpaTUTH Ha OOOPOTHE yTBOPEHHS OJMHHII HOBOI
MOBEPXHi po3/iny 0e3 3MiHu Temnepatypu. st Bogu 1 podora €
Ty’e BEJIUKOI BEIMYMHOK BHACIINOK ICHYBaHHS MOTYXHHX CHII
3UCTUICHHS] MIXK MOJIEKyJIaMU (BOJHEBUH 3B’S30K), a JJIsI BYTJIEBO/I-
HIB 1151 poOOTa HabaraTo MEHIIA.

[ToBepxHeBe HATATHEHHS BOIM NMPH 30UIbLICHHI TeMIepaTypH
MeHmae: Tak npu 18°C BOHO CTaHOBHUTH 73-10° HM ', a npu
t = 100°C — 52,5-10° H-m . Taxe MIOBEpXHEBE HATATHEHHS 3a0e3-
Tedye migiHoM piBHS BOAHM B KaminapHiit Tpy6mi giamerpom 107* M
Ha 0,15 m mpu t = 18°C. Tlpu gomaBaHHI coJieid TOBEPXHEBE HATST-
HEHHsSI BOJM 3pOCTAa€, ajié HE3HAYHOI MipO0. 3JaTHICTh CHIBHO
3HMKYBaTH IOBEPXHEBE HATATHEHHS BOJM MAalOTh IIOBEPXHEBO-
AKTUBHI PEUOBUHU (OKJIAIHIIIE TUB. TaaBa 3 po3ain 2.1).

Benuke noBepxHeBe HATSATHEHHS OOYMOBIIOE IOTaHy 3MOYY-
BaJIbHY 37IaTHICTh BOJH. 3MOUYBaHHS — II€ SIBUILE, K€ BUHUKAE TIPU
KOHTAaKT1 PITMHU 3 TBEP/IOI0 MOBEPXHEI0. 3aTHICTh PIIUHA 3MOYY-
BaTH TBEPJi MOBEPXHI BU3HAYAE IJIONIY KOHTAKTY PIAMHU 3 TBEp-
JTUM T1JIOM .
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ITpu HaHeceHHI Kparul piAMHM Ha TBEpAY MOBEPXHIO BUHHKA-
I0Th CUJIM MIPUTSATAHHA MK MOJIEKYJIaMH PLAMHU 1 TBEpJOro Tiia. Bia-
€MOJIIS PIAKOI 1 TBepAOi (a3 Ha TPaHMLI PO3ALTY Ha3UBAETHCA A02e3i-
€r0. Bennuuna ajresiiinoi B3aemoii omiHoeTsest po6otoro Wy, sky
Tpeba 3aTpaTUTH Ui BIIPUBY PIAMHM BiJ| TBEPJOi MOBEPXHI, TOOTO
JUIS BIZTHOBJICHHSI BUX1/IHOTO CTaHY KOHTAKTYOUHUX TiI.

AnresiitHa B3aeMOJis MIXK PIIKOIO 1 TBEpJOI0 (pa3zaMu MOLIM-
PIOETHCS HA HEBENMKY BiJCTaHb BINIUO pinuHu. Ll BigcTanp BUMI-
PAETHCSA pO3MIpaMH MOJIEKYJI. 3a MIpO0 BiJIJajIeHHS Bij MOBEPXHI
TBEPJIOTO Tijla ajre3iiiHa B3a€MOJis 3MEHILIY€EThCS, TMOCTYMAYHUCh
MicuieM Koresii. Koce3ia piounu - 1ie B3aeMOisi MK MOJIEKYJIaMH
(aromamu i ioHamu) B 00’eMi piakoi ¢a3u. [lpu BunanexHi pianHu
3 TBEpAOi MOBEPXHI MOXJIMBHM a00 aAre3idfHuN BIAPHUB MO MEXI
"pinuHa — TBepae Ti10", a0 KOre31iHMI BiJIpUB, SKILO MOPYIIY€ETh-
cs Mexa "piguHa — pinuHa". B neskux BUIagKax Mae Micie ajre-
31MHO-KOTre31iHa B3acMO/is.

Poboty aaresii HeoOX1AHO BIJTHOCHUTH A0 OJMHULI IJIOLII KOH-
TaKTy, OCKUIbKM KOHTaKT PIAMHU 3 TBEPAOI0 IMOBEPXHEI0 MOXKE
3M1MCHIOBATUCS HA Pi3HIN 1omii. PoboTa, sika BU3HaUa€e B3a€MOJIII0
PIAMHU 3 TBEPJOIO MOBEPXHEI0 1 HEOOXiAHA Ui PO3'€HAHHS KOH-

TaKTYIOUUX TiJI, JopiBHIOE poGoTi aaresii W,, MOMHOXeHiH Ha

IUIONLY 3ITKHEHHS S PiIMHY 3 TBEPAUM TiIOM:

W=W,S.

Takum yuHOM, IJIs1 BU3HAUEHHS POOOTH, KA BUHUKAE TPU
KOHTaKTi PIAMHU 3 TBEPAUM TiIOM, HEOOXiAHO 3HATH IUIONLYy KOH-
TaKTy ii 3 moBepxHerw. L moma Bu3HAYaeThCS 3JaTHICTIO PiIUHA
3MOYYBaTH TBEP/i MOBEPXHI.

Ha npakTuiii MoxyTh OyTH peastizoBaHi JBa BUNAJAKHA B3a€EMO-
Iii piAVMHA 3 TBEPAOIO MOBEPXHEI0. SKIo cuiu anaresii Oubie, Hik
CHJIM KOTe31i, TO Kparuisi po3TedYeThCsl M0 MOBEPXHi, TOOTO pianHa
3MOYHTH TBEpAE TUO. SIKIO CHIM MPUTATAHHS MK MOJICKYJIaMH
piauHU OibIe, HXK MK MOJIGKYJIaMH PITUHU 1 TBEPJOTO Tija, TO
piAMHA TIOTaHO 3MOYY€ YU HE 3MOYY€ MOBEPXHIO. Bix cTyneHs 3mo-
yyBaHHA 3aliekuTh (Gopma kparii. Kyrt, skuil kpamis piauHHA
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YTBOPUTH 3 MOBCPXHCHO, HA3UBACTHCA KYTOM 3MOYYBAHHA YU Kpa-

ioBum kyTom 0. ITpu 3MouyBaHHI 1€l KyT — FOCTPHIA, TIPU HE3MO-
yyBaHHI — Tynui (puc. 1.3).

a 7

Puc. 1.3 — KpaiioBi KyTu npu 3ModyBaHHi (a) 1 He3MouyBaHHi (0)

SIK1II0 MOBEPXHS 3MOYYETHCSI BOJIOKO, TO i Ha3WBAIOTh 2i0po-
ginvnor. TloBepxHi, SKi HE 3MOUYYIOTHCSI 200 TIOTAaHO 3MOYYIOTHCS
BO/JIOI0, Ha3UBAIOTHCS 2i0pOPodHUMU YU 01e0hinbHUuMU, TOMY IO
BOHHM JI00p€ 3MOUYYIOThCS HETIOISIPHUMHU PiTHHAMH.

3MOuyBaJIbHY 3/1aTHICTh HEMOXJIMBO PO3paxyBaTH, TOMY JUIs
il BU3HAUYEHHS BHUKOPUCTOBYIOTH €KCIEpUMEHTaJdbHI MeTtoau. Of-
HUM 13 TaKUX METOJIB € METOJ] 3aHyPEHHsI, B OCHOBI SIKOTO JICKUTh
BUMIPIOBAHHS 4acy, 3a sIKHH IMaTOK TKAHUHU 32 BU3HAYCHUX YMOB
3aHYpUTbCS B pIAuHY. Yac 3aHypEeHHS OILIHIOETHCS SIK KpUTEpIi
3MOYyBaHH. 3a IHIIMM METOJIOM (METOJI Kparuli) BUMIPIOETbCS Yac,
3a KU (UIBTp 13 OABOBHSIHOI TKAHWHU MPOIYCTUTH MEPIIy Kparl-
JIMHY PiIMHH, B3STY B Kimbkocti 10-10 w.

[lpu momagaHHi Kpamii BOAM Ha MOBEPXHIO TipooOHOro
MaTepialy IUIOIIA iX KOHTAKTY € TyXe MaJlol, a, OTXKe, 3arajbHa
B3a€MO/JIisl PIAMHU 3 TBEPJOIO0 MOBEPXHEI0 HE3HAuHa, B Pe3yJIbTarTi
BOJIa JIETKO CTIKa€, HE MMPOHUKAIOYH B IIOPH MaTepialy.

[IBuaKe cTiKaHHS BOJIY 3 TIOBEPXHI TBEPAUX MaTepiaiiB o0y-
MOBJIEHO TaKOX il HU3bKOIO B'A3KICTIO.

B'azkicmp 1) — BNacTUBICTD PIAVHA YHHUTH OITip HEOOOPOTHOMY
MIEPEMIIIICHHIO OJTHIET 11 YaCTUHU MO0 1HINIOI MPU 3PYIICHHI YU 1H-
oMy Byl Aedopmartii. B'SI3KICTh € peosoriyHo0 XapaKTepUCTUKOIO
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PIIMHU. 3aJISKHICTh MK JeopMalli€to 1 HAIpyrol BUPAXKAETHCS 3a-
koHOM HproToHa:

d
u=n & ,
dz
e U — Hampyra 3pyLICHHS,

T — B'SI3KICTb PIIUHH;

dy .
— — MBUAKICTH Aedopmarii.
dt

dx _
Y = — — nedopmaris.

dz

Pinunu, B'SI3KICTh SKMX HE 3aJI€KHUTh BiJl HAPYTH 3pYyIIEHHS,
Ha3UBAIOThCS HbIOMOHIGCOKUMU.
BennuuHy, 3BOpPOTHY B'SI3KOCTI, HA3UBAIOTh MMEKYUiCHIO.

OckiibkH yac T 1 KoOpaAuHaTa Z — He3aJleXH1 IEpeMiHHI, TO, 3MiHU-
BIIM TOPSAIOK AU(EpeHIiIOBaHHS, OAEPKUMO, IO IIBUIKICTH Je-
dbopMallii mpu NpocToMy 3pyIICHHI JOPIBHIOE IPAIIEHTY MIBUAKOCTI
TEKY4OCTi.

OTxe, yUM BUIIE TMOBEPXHEBUN HATAT, TUM Tipile 3MOYyBa-
JIbHA 3aTHICTh PIUMHM 1 TUM OUIbIIE 11 PYXJIUBICTH 1 TEKYyUicTb. Lle
MOSICHIOETHCSI MIPArHEHHSAM Kpari NpUHHATH chepuuHy (opmy i
OPOTUAIATH i1 3MiHI THUM OijbIlle, YUM BHUIIE TTOBEPXHEBUI HATAT.

B's3kicTh BOJM 3aKOHOMIPHO 3MIHIOETHCSI B 3QJIEKHOCTI Bijl
TEeMIIEpaTypu: 3MEHIIY€EThC 3 il 3pocTaHHsIM. Y TOM ke yac Jis TH-
CKY Ha B'SI3KICTh BOJM JIOCUTH CHelu(piuHa: 3 TOHWKEHHSAM TEMIIe-
paTypH IIpH MOMIPHOMY THUCKY B'SI3KiCTh BOJHM 3HUXKY€ETHCS, X0 JIO-
r14HO OyJi0 O YeKaTH ii MiBUILEHHS, a SKIO0 TUCK 3HAYHO 301IbIIIH-
TH, TO TIOBEJIIHKA BOJH MiIKOPSIETCS 3arallbHOMY MPaBUITY.

3 MIABUIICHHSIM KOHUEHTpALli pO3YMHEHUX Y BOJI COJeil B's-
3KICTb 301IBLIY€THCS.
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BHacniiok acumeTpuyHoi Oy0BH, MOJIEKYJIa BOAM Ma€ pi3Ko
BUPa)XEHUW JUMNOJIBHUN XapaKTep, TOOTO B MOJIEKYJIl HE CIiBIaja-
I0Th IIEHTPU BA)XXKKOCTI MO3UTUBHHUX 1 HEraTMBHUX 3apsiiB. Jlumo-
JTBHAN XapakTep MOJEKYJ BOJHM CHpPHUsS€ YTBOPEHHIO TaK 3BAHHX
"NpPOAYKTIB TpHUENHAHHA": 110 MOJIEKYJ BOIU MPHEIHYIOTHCS
MOJIEKYJIM PEYOBUH 10HHOI OyJ0BHM a00 X PEUOBUH 3 BUPAKECHUM
JUTOJIBHUM XapaKTepOM.

BinHocHa nienexTpuyHa cTaja BOJIM Mae€ Ty’K€ BHUCOKE 3Ha-
YEHHs, 1110 3yMOBIIIO€ BEJIUKY 10HI3yI0Uy CUITYy BOJH.

Bona mae 3HauHy enekTporpoBiaHiCTb. Enekmponposionicme
— 3JIaTHICTh PEUYOBHHHU MTPOBOJIUTH CIIEKTPUYHUMA CTPYM TIiT €O TIPH-
KJIaJICHOTO eJIeKTpHYHOro nojst. [lapameTpom, 1110 XapakTepusye erne-
KTPOIPOBITHICTh, € KOE(IIIEHT €JIEKTPONPOBITHOCTI, SIKUI SABJISIE CO-
0010 BEJIMYHHY, 3BOPOTHY IUTOMOMY OMIYHOMY OTIOPY, 1 BUMIPSIEThCS
B OM M. V 3anexnocri BIJI JKEpesia, MPUPOJIHA BOAA MICTHTh Pi3HI
MIPUPO/IHI COJi, 1110 00YMOBITIOIOTH MiZIBUILIEHHS il KOPO3iiHOT 31aTHO-
CT1 ¥ eneKTponpoBiHOCTI. Tak, 3a HAIBHOCTI JOMIIIOK (0COOIMBO He-
OpraHiYHUX COJIEH) €NEeKTPOIPOBIIHICTh PO3UMHY MOXeE 301IbLIyBa-
TUCS Ha 2-3 nopsinku. B tabnuni 1.4 mpuBeneH1 A7 NOPIBHSAHHSA 3Ha-
YeHHsI eJIEKTPOINPOBITHOCTI BOAM Ta ii pO3UMHIB.

Tabmuus 1.4 — ExekTponpoBiIHICTb BOJIU 1 IESKUX PO3YUHIB

EnexkrponpoBigHicTs,
Bopa: Oom' v
qHCTa 0,04
IUCTUILOBAHA 50
MUTHA 275—1200
piuKoBa 920—1350
MOpPCBKa 12500—62800
Bojauuit po3unH:
NaCl (20%) 200000
niHoyTBOproBay (4%) B IUCTUIILOBaHIN BOAI 3000
niHoyTBopioBay (30%) y BogonpoBiaHii Boai 24000—55000

3HaueHHS BEJIWYHMHHU EJIEKTPUYHOTO CTPYMYy Yy BOJASHOMY
CTPYMEHI B 3aJIeKHOCTI Bl HOTO TOBXKUHM 1 KUTBKOCTI €JIEKTPOJITY,
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10 JTOIA€ThCS, 3HAWEH] MPH MPOBEJCHHI AOCTIAIB 13 TaCiHHS MO-
XKeX1 Ha JiHiT 3 Hanpyrow 6 kB. Jlyg raciHHS BUKOPHUCTOBYBaBCA
CTBOJ 3 Hacaakorw JiamerpoM 12 mm. 3 rpadika (puc. 1.4) BugHO,
IO TPU BUKOPHCTAHHI YUCTOI BOJOIPOBITHOI BOIU EIEKTPUIHUN
CTpyM Ha BiacTaHi 1,5 M IpakTUYHO JOPIBHIOE HYIIO, aje 100aB-
nenHst Bchoro jumie 0,5% coau 3a 1HIIMX PIBHUX YMOB IIiJBHUIILYE
cTpyM 110 50 MA.

W=W,S.
I, mAL
1501
100 |
50 1
0.5 1 1_5_ > fm

Puc. 1.4 — 3anexHICTh BETUYNHU €JICKTPUUHOTO CTPYMY BiJI JJOB-
KHMHU cTpyMeHs (1 — uucTa BogonposinHa Boaa; 2 — 0,5%-Huii po3-
YHH COAM y BOJONPOBIAHIN BOI1)

3 BUIIEBUKJIAICHOTO BUILIMBAE, 1110 BOAY MOXKHA 3aCTOCOBY-
BaTH JUIS TAaCiHHS €NEKTPOTEXHIYHUX YCTAHOBOK TUIBKM MICHs iX-
HBOT'O 3HECTPYMJICHHS UM MPU AOTPUMAaHHI BU3HAYEHUX O€3MeUHUX
BifcTaneil. 1li BifcTaHi BH3HAYAIOTHCS BEIMYMHOIO CHIIA CTPYMY.
['pannyHO mpunycTUMUM TPUHHATO BBakaTu ctpyM y 1 MA. Ilpu
MaKCUMaJbHIN cwili cTpyMy B 1 MA Ta €JIEeKTpPOIPOBITHOCTI BOAU
500 Om ~'m ' MinimManbHi BincTani B1JI OCEpEIKY MOXKEX1 3aIekKaTh
BiJl AlameTpa HacaJaku cTBoua (Tabdm. 1.5).
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Tabmuns 1.5 — MiHiManbHI BiCTaHI BiJl OCEPEOKY MOMKEXKI IS
KOMIIAaKTHOTO CTPYMEHsI 3a pi3HOi HanpyTH [5]

Hanpyra BinHo- MiunimanbHa BigcTanb (M) npu aiamerpi
CcHO 3emuti, B HAaCaJAKH, MM

7 18 30

115 0,5 1 2

460 0,75 3 5

3000 2 5 10

6000 2,5 6 12

12000 3 0,5 15
60000 4,5 12 22
150000 6 15 25

JlocnimkeHHsl MoKas3aiy, 10 IPHU 3pOILIEHHI CTPYMONPOBII-
HUX YaCTUH EJEeKTPUYHUX YCTaHOBOK (Hampyra 1o 380 kB) Bogoro
31 CTBOJIa 3 HACaJKOK JiaMeTpoM 12 MM 3 THCKOM Ha IOMIT
5-10-10° [Ta, MiHiMabHA BiJICTaHb MK HACaJKOI CTBOJA 1 CTPY-
MOII-POBITHOIO YaCTHHOIO - 12 M. IIpu IbOMy CTpyM HE TIEpPEBUIILYE
1 MA. Ile BipHO imme mis mposigmocti go 1000 Om M ', mwis
O1ITBIII BUCOKOI MPOBIIHOCTI MiHIMaJbHA BiJICTaHb 301IBITYETHCA.

Ha mnpakTumi KOpHCTYIOTbCS HACTyHHMM IIPAaBUJIOM: MiHi-
MaJbHO MPUITYCTHMA BiJICTaHb B METpax BiJl OCEPENKY MOXKEeXI1 Mo-
BUHHA OyTH HE MEHILIOO, HI)K JllaMeTp HAaCaJIKH B MUTIMETpPaX.

Kpim TOro, Bojja He MOBHMHHA TIONAJAaTH HAa EJICKTPUYHI Ma-
IIMHU 1 PO3NOAUIbHI MPUCTPOI, @ TAKOXK HA IHIIY amapaTypy (BUMi-
PIOBaJIbHI, KOHTPOJIIOIOYI, PETYIIO0Yl MPUCTPOI), 1110 3HAXOTUTHCS B
MIPUMIIIIEHH], /16 BUHHUKIIA MOXKeXa. 3 ypaXyBaHHAM ITMX OOME-KCHb
MOYHa 3aCTOCOBYBATH CTalliOHApHI BOTHETAaCHI YCTaHOBKH, SIKI YTBO-
PIOIOTH XMapy TOHKOPO3MHJIEHOI BOJIM, UM YCTAHOBKH, B SIKUX SIK BOT-
HeracHui 3acid BUKOPUCTOBYETHCSI HACHUYEHA BOSIHA Mapa.

OnTUYHI BIACTUBOCTI BOAM OIIHIOIOTHCS 3a ii MPO30PICTIO,
fKa, B CBOK 4Yepry, 3aJIe)KUTh BiJ AOBXKHHU XBHWJII MPOMEHS, 110
MIPOXOAUTH Yepe3 BOAy. YIbTpadioleToBi MPOMEHI JIETKO MPOXO-
JSITh Yepe3 Boay, a iH(pauepBOHI MPOHUKAIOTh TUIBKU B TIOBEPXHE-
BUI IIap 1 B HE3HAUHIA Mipl. BHacHigoK MorauHaHHS OpaH)KEBUX 1
YepBOHUX KOMITOHEHTIB BUAMMOTO CBITJIa BOJA B IIapi TOBIIUHOIO
OinpIre 3a 2 M Ha0yBae TOTyOyBaTOTO 3a0apBICHHS.
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Po3znin 2. Ximiuni BjacTuBocCTi Boau

Bona yTBOproeThcst mpu B3aeMojii BOAHIO 3 KUCHEM (OKHC-
JIIOBaHHS BOJIHIO), IO B1IOOpa)ka€TbCcs HACTYMHUM CTEX1OMETpHUY-
HUM PIBHSIHHSIM:

2H; + O; =H,O0 + 571 x/lx.

L5 peakuis cynpoOBOKY€ETHCS BUAUICHHSIM TeIula. 32 BUCOKO]
TEMIIEpaTypHu BOHA MOKE MPOTIKaTH B 3BOPOTHOMY HANPSMKY: Mapa
BOJIM 3/1aTHA PO3KJIAJaTUCS 3 YTBOPEHHSIM BOAHIO. CTyIiHb TepMid-

HOTO pO3KJIafaHHs (aucorrialiii) Bogu OL Ha BOJEHb 1 KUCEHb 3aJie-

KUTh B1JI TeMIeEpaTypH. 3aJeKHICTh CTyNEHsI PO3KIaJaHHs Bija Te-
MIepaTypH rmokazaHa B Tabmimi 1.6.

Tabmuns 1.6 — CTyniHb TepMiuHOI aucolianii BOASHOI mapu TpH
ticky 10° [a B 3aJIeKHOCTI Bij TeMmeparypu

T,K 1000 1400 1800 2200 2400

o, % 0,00003 | 0,00861 0,199 1,42 2,92

[TomiTHE pO3KIagaHHS BOJU CHIOCTEPITAETHCS JIUIIE MPU TEM-
nepatypax Bume 2000 K, ToOTo 3Ha4HO BHIE TeMIeparyp, sKi
PO3BHBAIOTHCS MMiJ Yac MOXKEXi. Y 3BHYAMHMX yMOBax HeOe3meka
PO3KJIaIaHHs. BOJM MaJIOMMOBIipHA, ajie I HeOe3leKa CTae pealb-
HOIO TIPH TIOTIA/TaHHI BOJIM HA pO3IeUeHe BYTLIA Y 3aJ1i30, K1 pea-
T'YIOTh 3 KHCHEM BOJISIHOI TapH, BHIISIOYM BOJCHb a00 BOJIHEBI
CHOJYKH. Y 3B'A3Ky 3 IIMIM BHHUKa€e HeOe3leka YTBOPCHHS IPUMY-
YOro rasy, 110 MOXe BUKITUKATH BUOYX.

Bona — BenmbMu peakmiifHO31aTHA pedoBHHA. BoHa pearye 3
OKCHJaMU 0aratb0X MeTaliB 1 HEMETAIIIB, YTBOPIOE KPUCTAJIOTI Ipa-
TH 3 JICIKHMHU COJISIMH, BCTYIIAE Y B3AEMOJIIO 3 aKTUBHUMH MeTalla-
MU Ta HITUMU CTIOTYKAMH.

Bona — kartamizarop OaraThoX XIMIYHUX peaKIlid, 1HOAI IJIs
NPOXO/KEHHS peakuii HeoOXiaHi xou O ii cmian. Tak, ciigu Boau
MOTPiOHI JI7Is1 B3aEMO/Iii HATPIIO 3 KUCHEM B aTMOc(epi MOBITPS, IS
peaxiiii (GTOpHCTOro BOJHIO 31 CKIIOM 1 XJIOPY 3 METaJIaMHU.
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3 pedoBHHAMU PEaAKIIIHO MaJTOaKTHBHUMU, SIKI 3HAXOASITHCS
3BUYATHO B ra3ornoiOHOMY CTaHi, BOJa YTBOPIOE PSII IIKaBUX CIIO-
ayk. Monekynu razono/i0HOI peYyOBHHHM MPOHHUKAIOTH B IMYCTOTH
CTPYKTYpH acoIliaTiB BOJH 1 YTBOPIOIOTh TaK 3BaHI1 CHOJIYKU 6KI0-
yenna abo knampamu. llpuxnanamu xnarpatiB € CH4°6H,O,
C;H5CI*15H;0 1 inmi. [Ipu yTBOpeHHI ra30BHX TiApaTiB BHILIA-
€ThCSI BEJNMKA KIJBKICTh TEIUIa 32 PAaXyHOK PO3PHUBY BOJHEBHUX
3B’s13K1B. Takl CIOMyKM HECTIHKI 1 JIETKO PO3KJIAAAl0ThCs MPHU MiJI-
BUIIICHHI TEMIIEPATypH.

Haii6inbI11 BayKIIMBOIO BIIACTHBICTIO BOJIU, IKA Ma€ 3HAYCHHS B
MpoIieci TaciHHs, € XiMIiYHA B3a€MOJIsI BOAM 3 PI3HUMHU TOPIOUYUMH
pedoBHMHAMHU. XiIMiYHA peaklliiiHa 3JaTHICTh BOAM 3 JIESKUMHU peyo-
BHHAMU OOMEXYe€ 11 3aCTOCYBaHHS ITiJ1 Yac TaciHHA oXexK. Boxy He
MO’KHA 3aCTOCOBYBATH JJISl TACIHHS PEUOBHH, SIKI OypXJIMBO peary-
IOTh 3 HEIO 3 BUJIIJICHHSM TOPIOYMX Ta3iB UM 3HAYHOI KUTBKOCTI TeTl-
na. Y IpOTUBHOMY BHIIQJIKYy iCHye HeOe3leKka BUHUKHEHHS TOPiHHS
BHACJIIIOK camMO3aiiMaHHs.

Jlo rpynu pe4oBHUH, IO CaM03aiMalOTHCs MPU KOHTAKTI 3 BO-
JI010, MOXKHA BiTHECTH JTyKHI MeTanu, rigpuan metaiis (NaH, KH,
CaH;), oxcuan i nepekucu meraniB (Ca0, Na,0,), kapbinu meta-
niB (CaC,, K,C3), MeTanoopraniuHi CIIOJIYKH Ta iH.

Bci myxHi MeTanu B3aeMOJIIIOTH 3 BOJOIO. Peakirist cympoBo-
JOKYETBCSI BUIUICHHSIM BOJTHIO 1 3HaYHOT KIJTbKOCTI Teruta. Kpim To-
ro HaWOUIbII peakmiiHO34aTHI MeTanu, HaTpii 1 Kalid, pearyroThb
HaBITh 3 BOJIOTOIO TOBITPSI, MPU IIBOMY iX TMTOBEPXHI IMIBUIKO TTOKPH-
BAaIOTHCS TUTIBKOIO TiApoKcHy. ToMy Taki MeTaiu 30epiraiTh y ce-
peIoBUII, BUIBHOMY BiJ KHCHIO (TiJ mapom racy). Hampukman,
TIPH B3A€EMO/IIT HATPIO 3 BOJIOIO BiAOYBAIOTHCS HACTYIIHI MTPOLIECH:

2Na +2H,0 =2NaOH + H, + 366 x/Ix .

Bonens, 10 BUALISETHCS, HATPIBAETHCS 32 PAXyHOK TEIUIOBO-
ro eexTy peakirii, caM03aiiMa€eThCs 1 TOPUTH PA30M 3 METATIOM:

2H, + 0,=2H,0; 4Na+ O, =2Na,0.
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IHOA1 B3aeMOis Ty KHUX METAJIB 3 BOJOIO CYINPOBOKYETHCS
BUOYXOM 3 pOo30pH3KYBaHHIM PO3IUIABIEHOTO METaNTY.

lNapuan ay»XHUX 1 JIy)KHO3EMETbHUX METaNiB B3a€MOJIIOTH 3
BOJIOI0 TaKOXX 3 YTBOPEHHSIM BOJHIO 1 TIAPOKCHAY BIAMOBIHOTO
MeTaly:

LiH +H,O = LiOH + H, + 132,2 x/[x;
KH +H,0 = KOH + H; + 82,8 k/[x.

Bix Teruiotu peakiiii camo3aiiMaroTbCst BOJACHB 1 TP METa-
ay:

2H2 + 02 = 2H20,
2KH + 02 = Kzo + HzO

Okcuan 1 MepeKUcH JTY>)KHUX METIIB B3a€MOJIIOTH 3 BOJIOIO
0e3 BUAUICHHS TOPIOYHX Ta3iB, OJHAK MPH I[bOMY PEaKLis MPOTIKae
3 BUIJICHHSM BEJIMKOT KUIBKOCTI Teruta. Hampukian, mpu B3aemoii
NEPEKUCY HATPIIO 3 BOJOK YTBOPUTHCS MEPEKUC BOJHIO 1 T1APOKCHT
HaTpito. B CBOIO Yepry mepekuc BOJHIO - HECTIHKa CIIOIyKa, sKa
3[aTHA JIO CAMOBUILHOTO PO3KJIAJaHHS 3 YTBOPEHHSM BOJIU 1 KUCHIO
TaKOX 3 BUAUICHHSIM TETUIOTH:

Nazoz +2H20 =2NaOH + Hzoz +73 KI[)K,
HzOz = HzO + 0,502 + 98,1 KII)K.

['opiHHS MOX€ BUHHKHYTH, SIKIO NEPEKUCH 3MillIaHl YU CTH-
KalOThCSI 3 TOPIOUYMMHU PEUOBUHAMH.

Oxcup Kanpllito (HETalleHe BAITHO), Pearyrdd 3 HEBEITHUKOIO
KUTBKICTIO BOJH, PO3ITPIBAETHCS IO CBITIHHS 1 MOXKE TIMATUTH J0-
TUYHI 3 HUM TFOpIOYi MaTepiau.

CaO + H,0 = Ca(OH); + 65,3 x/I:x.
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B3aemonia kap6iziB 3 BOZOI, 0COOIMBO KapOiJiB HATpiiO 1
KaJlifo, MPOTIKAa€e JIy>ke OypXJIMBO 1 MOXKE 3aKIHUYBAaTHUCA BHOYXOM.
[IpuyoMy MeTanu 3ropsifoTh, a BYIJIELb BUAUISETHCA y BUIBHOMY
CTaHI:

2Na,C,; +2H,0 + O, =4NaOH + 4C + 1169,3 x/Ix.

[Tpu B3aemonii kapOiay KajbIlito 31 CTEXIOMETPHYHOIO KiJIbKi-
CTIO BOJIM BUJIISETHCS CTIIBKH TEIUIA, IO CHCTEMa PO3ITPIBAETHCS
710 920°C i aneTHsIeH, 0 YTBOPIOETLCS B XOJIi Peakilii, camo3aiima-
€TBCS:

CaC, + 2H,0 = Ca(OH), + C,H, + 127,9 k]I,
Csz +2,502 = 2C02 + HzO + 1301 K)_I)K

3a BeNMuKO1 KiJTbKOCT1 BOJH IILOTO HE BiJJOYBa€ThCS.

CamMozaliMaHHsl TIpU KOHTAKTI 3 BOJIOI0 XapaKTEPHO TaKOX
it pocdiaiB i CHITIIKIIB PI3HUX METaNTIB.

®docdin Kamplliio MpU B3a€MOIIT 3 BOAOK YTBOPIo€e (hocdiH:

Ca3P2 + 6H20 = 3Cﬂ(OH)2 + 2PH3 + 771 KI[)K.

®dochin — e roproumii ra3, ane 3a JaHUX YMOB BiH HE CaMoO-
3aiimaeThest. OqnovacHo 3 PH3 BUAUISIETBCS Aesika KITBKICTh PIAKO-
ro ¢ochopucroro Boguio P,Hy, mo camo3aiimMaeTbcs Ha TOBITPI i
371aT€H CTaTU MPUYUHOIO caMo3aiiManHst PHj.

P2H4 + 3,502 = P205 + 2H20
PH3 + 202 = 0,5P205 + 1,5H20
Cuninuau, ToOTO CHOJYKM KPEMHIIO 3 PI3HUMHM MeETalaMH,

MpH i1 BOJU BUIALISIOTH BOJHEBUCTUIN KPEeMHIN (CHUIIaH), IO caMo-
3aiiMa€eThCs HA TOBITPI:
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Mg,Si + 4H,0 = 2Mg(OH), + SiH, + 646,5 k/ix
SiH4 + 202 = Si02 + 2H20 + 1517 KI[?K.

Jlesiki MeTaloopraHiuHi CIOJIyKH pearyrTh 3 BOJOI, YTBO-
prorouu roproui razu. Hanpuxmnaz, tumetinoepuiiii npu B3aeMoii 3
BOJIOKO BHJIJIIIE METaH, a JleTiIMAarHii - eTad.

Be(CH3)2 + 2H20 = Be(OH)2 + 2CH4
Mg(C2H5)2 + HzO = MgO + 2C2H6.

Temnora, 1Mo BUAIAETHCA NMPU LBOMY, MPUBOAUTH IO 3a-
WMaHHSI HE TUIbKHU Ta3y, SIKUM BUAUIAETHCS, ajle 1 BUXITHOI pEUOBH-
HU.

[Ipu 3polieHHI BOJOI0 KOHIIEHTPOBAHOI CipyaHOi KHUCIOTH
BUHHUKae HeOe3mneka ii po30pU3KyBaHHS yepe3 CHIIbHUN MicleBUH
neperpis. Buninenns Bemnkoi kimekocti Temma (79,6 kK-MOIb ")
B110yBa€ThCs BHACIIIOK yTBOpeHHs rifpaTiB Tury HSO4exH,0.

[Tpu racinHi nanarYux oMii 1 XKHUpiB, HAYTONMPOAYKTIB Ta iH-
IIUX OpPraHIYHUX PIIUH BOJIOK, OCOOJIMBO MPHU 3aCTOCYBaHHI KOM-
NaKTHUX CTPYMEHIB MOXe BiIOyTHCS BHKHJ YU PO30OpHU3KYBaHHS
MajaloyuX MPOAYKTIB, Y PE3yabTaTi 4OTO IUIOMIA TIOKEkKI 30UTbITy-
€TbCA. Y TaKMX BHIQJKaX BapTO 3aCTOCOBYBATH PO3MHJICHY BOY.
Xapakrtep ApoOsieHHs Boau (pO3Mip Kparelb) Mpu [IbOMY TTOBUHEH
nig0upaTUCs 3 ypaxyBaHHSIM TeMIIEpaTypu Claiaxy roprdoi peyo-
BUHU.

Jlesiki pedoBUHU, JUTS TACIHHS SIKUX HE MOKHA 3aCTOCOBYBATH
BOJIy, HaBe/IeHi B Tabmuiti 1.7.

TakuMm YUHOM, HETATUBHUMU SIBUILAMH, [0 TIEPEITKOKAIOTH
3aCTOCYBAaHHIO BOJH ISl TOTPeO MOXKEeKOTaciHHs, € BUOYXH, criana-
XM, PO30OPU3KYBAaHHS TOPIOYMX MaTepiajiB, JOAATKOBE MiJCHUICHHS
TOpIHHS, 3017BIIICHHST 00’ €My TIOJyM'sl, CITIHIOBaHHS, BUKHU]Y ITaJlato-
4Oro npoaykTy i iH. OJHaK 11 SBUIA MOXKYTh MaTH Pi3HI XapakTep
1 MacmTabu, y TOMy 4YHCIi cyTo oOMexeHi (okanbHi). B ocran-
HBOMY BUMAJKY BOJSHI 3acO00M MOXYTh OYTH, IOMyIICHI IS
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MOKEXKOTACIHHS, aje BIJICYTHICTh KUIbBKICHUX KpUTEP1iB 00yMOBIIIOE
oJiep)aHHsI CyO'€KTHBHUX BHCHOBKIB 1, SIK HACJIIJIOK, HE Kpallux
TEXHIUYHUX pillleHb. /{7151 OpieHTOBaHOI OLIIHKU 3aCTOCOBHOCTI BOJISI-
HUX 3aC001B MOKHa CKOPUCTATHUCS IBOMa JaOOPATOPHUMH METOJIa-
Mmu. [lepumii MmeTos mossirae y Bi3yaJbHOMY CHOCTEpPEXKEHHI 3a Xa-
pakTepoM B3a€eMOJIT BOAM 3 MaJAl0OYUM Y HEBEJUKINA MOCYIUHI J0-
CJIIJDKYBaHUM TpoaykToM. Jpyruil metox nependadae Bumip 00'-
€My Trasy, LI0 BUAUISETHCS, a TAKOXK CTYNEHS pO3IrpiBy NpHU B3ae-
MOJii MPOIYKTY 3 BOJOIO.

Ta6muust 1.7 — PedoBuHM, JUIsl TaCiHHS SIKUX HE MOKHA 3aCTOCOBY-
BaTH BOJY

PeyoBuHHU XapaxkTep B3a€MOJii 3 BOI0I0

AntoMiHIHOpraHiuHi 1 JiTi€Opra-|pearyorh 3 BUOYXOM
HIYHI CTIOTYKH, a3U]] CBUHITIO

JlykHi 1 JTy’)KHO3€MEJIbHI METaju, pO3KJIalaHHs 3 BUAUICHHSIM TO-
KapOiau, TiApUAN, CUIINUIU, (o-/proYmX ra3is i 3HaYHOI KIJIBKOCTI
ch1au psay MeTaliB Tera

I'ipocyabdiT HaTpitO BiZIOyBa€eThCs caMo3aliMaHHs

CipuaHa KHCJIOTa, OKCUIH 1 TIepe-|CUIIbHUN €K30TepMIYHUN e(eKT,
KHCH JICIKUX METalliB, TEPMIT, SKUi MOXE NPU3BECTH 0 3a-

XJIOPUJT TATAHY WMaHHS 1HIIUX TOPIOYUX pPedo-
BUH

bity™m, xupwu, orii, HAQTOMPOAYK-|TIOCUICHHS TOPIHHSA B PE3yJIbTa-

TH Ti CKUIAHHA, BUKUAY, pO30pu3-
KYBaHHSI.

[Ipu 30epiranHi BOaU B HE3aXUIICHUX METAJEBUX MOCYAMHAX
BiIOYBA€TbCS KOPO3isl MeTaly, sKa MiJCHIIIOEThCS, SIKIIO Y BOAY
JOJIaTH 3MOYYBa4, MHOYTBOPIOBaY a00 COJIi, SIKI 3aXHUIIAIOTh PO3-
YUH BiJ] 3aMep3aHHs. 3amoOirTé Koposii KOHTAKTYIOUUX 3 BOJOIO
MeTaJieBUX BUPOOiB (KOPIYCiB BOTHETACHHUKIB, TPYOOIIPOBO/IIB 1 1H.)
MOXKHa a00 HAHECEHHSIM Ha HUX CHEMiaIbHOTO MOKPUTTS, a0o JI0-
JAaBaHHSIM JI0 BOAM 1HT10iTOPIB KOpo3ii. B sxocTi iHTi6iTOpiB KOpO3ii
MOXYTb  BHUKOPHUCTOBYBATHCA  IOJIiaMiHOKapOOHOBa  KHCIIOTA,
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eTHJICHA1aMIHOTeTpaoTOBa KucinoTra B KoHmeHtparii 0,04 — 1%,
HOU/IM aMOHIIO, JTy’)KHUX Ta JY)KHO3EMEIBHUX METaTiB B KOHIICHT-
pauii 0,005%, 2-mepkanToOeH30Tia30J, (PTOpCHIIIKAT HATPIIO B
koHuentparii 0,03% [6].

ITpu TpuBamoMy 30epiraHHi BOAM JUISl 3aXUCTY BiJ LB Ie-
penbdadaeTbes KoHcepBalliss Boau. s KoHcepBarlii YMCTOi BOJAU
BUKOPUCTOBYETHCS PAILIUT — PO3YMHHA y BOJII HATPI€BA CLIb XJIOP-
kpesony. Ii noparoTs y kinbkocti 0,05-0,1%. Y piAMHHUX BOTHera-
CHHMKaX MiJJIaBaTH BOAY KOHCepBallii He MOTPiOHO, TOMY 11O JKUTTE-
JISUTBHOCTI MIKPOOpPraHi3MiB 3amo0irae CHIBHO KOHIIEHTPOBaHUN
PO3UUH NOTALIY.

KoHTpO/ILHI NUTAHHS

1. IosicHuT 0cO6IUBOCTI (ha30BOi AlarpaMu BOAM.

2. TlosicauTr YuM 0OyMOBJIEHA aHOMANBHICTh (PI3UYHHUX BJa-
CTUBOCTEM BOJIU.

3. [Hosicautn yum oOyMOBJI€Ha HM3bKa 3MOUYyBajbHa 37aT-
HICTh BOJIH.

4. Po3kpuTH XiMi4HI BJIACTUBOCTI BOJAH, III0 OOYMOBIIOIOTH
MOJKJIUBICTh caMO3aliMaHHsI PEYOBUH Ta MaTepialiB MPH KOHTAKTI 3
BOJIOIO.

5. IlepemiuuTy pPEeUOBHHH, JJIS TAaCiHHS SIKMX HE MOXKHA 3a-
CTOCOBYBAaTH BOJY.
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I'JIABA 2. MEXAHI3M ITPUITMHEHHS 'OPIHHSA
BOJAOIO. BOTHEI'ACHA E®OEKTUBHICTHb BOJIN

Po3nin 1. ®iznko-xiMiuHi 0OCHOBU NPUNIMHEHHS TOPiHHA

3aracuTH MOXEXY 3 (PI3UKO-XIMIUHOI TOYKM 30py O3Hadae
MPUIIMHUTU TIPOIEC TOPIHHS Y BCIX HOTrO BUAAaX, TOOTO CTBOPUTH B
30HI TOPIHHSA YMOBH, II0 BUKJIFOYAIOTh MOKJIUBICTH MPOJIOBKEHHS
npoliecy ropiHHs B Oyab-aKiil ¢popmi. IcHyBaHHS TOpiHHS MOXKIJIMBE
JIMIIE 32 YMOBH HAsBHOCTI TOPIOYOTO CEPEOBHIIA Ta JDKEpena 3a-
MaJIeHHs, sIKE HAJa€ CUCTEeMI JIOCTaTHbO eHeprii (Oinblie, HiXkK eHep-
ris akTUBallii) Ui MpOoTiKaHHS XiMiuHOI B3aemomii. [Tapamerpamu,
K1 XapaKTepU3yITh HAsBHICTh IIMX YMOB, € KOHIICHTPAIIMHI MEXi
MOIIMPEHHS TONyM’sI, TEMIIEpaTypHI MEXi TMOIMUPEHHS MOIyM s,
MEXI 32 THCKOM 1 KpUTHYHI 3HAUCHHS €HEpril MiAmaJeHHs, TpaHuY-
Hi IIBUAKOCTI MOIIMPEHHS IMPOLECIB TOPiHHS, TPAaHUYHI 3HAYECHHS
TEMIEpaTypyu 30HU TopiHHA. Hukue rpaHMYHUX 3HAY€Hb IUX Ma-
paMeTpiB mpoliec TOPiHHS iICHYBaTH HE MOXe. B ogHOMY BHMAjKy,
SIKIO TOPIHHSA ICHYBaJI0, — BOHO MPUITMHUTHCS, B 1HIIOMY — IPOCTO
He BuHUKHE. Lli yMOBHU 3anexaTh BiJl BHIy TOpIOUYOi pedOBUHH, Ii
arperaTHOro CTaHy Ta PEeKHUMY TOPIHHS, KU BH3HAYAETHCA YMO-
BaMH TEIUIO- i MACOOOMiHY B 30HI TOPIHHSL.

Criiike TOpiHHA BiAOyBa€ThbCsl MpU OanaHCi TETUIOBHIUICHHS
XIMIYHOI peakilii B TOPIOYiil CUCTEMI 1 TEIUIOBIIaul BiJi CHCTEMH B
HABKOJIMIIIHE CEPEeIOBUILIE:

q() =q().

3riJIHO 3 TEIMJIOBOIO TEOPi€I0, PO3BUHEHOIO B POOOTaX pajisiH-
cekux BueHux M.M. CemenoBa, f.b. 3enpgoBuua, J[.A. ®@paHk-
Kamenenpkoro, 3ajaya MpUIIMHEHHS TOPIHHSA 3BOAMTHCS 10 3HU-
KEHHSI TEMIIepaTypy B 30HI XIMIYHOI peakiii o TeMrepaTypu Io-
racaHHs IUIIXOM IOPYIIEHHS TEIUIOBOI PIBHOBAard B 30HI TOPIHHSA
Tak, mo ((+) < q(-) [7]. [HopyieHHs TEIIOBOI piBHOBaru B 30HI
TOpPIHHS MOXXHa 3MIMCHUTH a00 3HIKCHHSIM 1HTEHCHUBHOCTI TEILIO-
BUJIUICHHS B 30HI PeaKIlii HWK4Ye TPAaHUYHOTO 3HAUYEHHS, IPU STKOMY
HEMOJKITHBE MIMOBLIbHE TOIMHpPeHHs ropinas (q'(+) < q(+)), a6o
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MABUINEHHSIM 1IHTEHCHUBHOCTI TEILIOBigaadi (q( -) > q(-)), abo ox-
HOYACHUM 3HIDKEHHSIM IHTEHCHBHOCTI TEIIOBHIUICHHS 1 TIiJBH-
IIEHHSAM IHTEHCHBHOCTI TEIUIOBiJ1ayi, JOKU TeMmIepaTypa B 30Hi
peaxiii He 3HU3UTbCS A0 KPUTUYHOTO 3HAYEHHS — memnepamypu
NnO2ACAHHA.

AHaNITUYHO I1HTEHCHBHICTh HPOLECY TEIUIOBUAUIEHHS JUIs
elleMeHTapHoro 06’emy AV y (poHTI moayM’si, B 3aJIEKHOCTI BiJ
BUJly TOPIOYOi PEUOBUHM, KOHIIEHTPAIil KOMIIOHEHTIB TOPIOYOi Cy-
MIIIII Ta TEMIIEPATYPH MOJIYyM s BUPAKAETHCS PIBHSIHHSM:

E
n __m
q(+) = QHAVrc(Prp(POKkeXp ——aKL | 2.1)
RT,,
ne Q,  — HWKuYa TemIoTa 3rOPSHHS TOPIOYO] PEYOBUHH;

AV . —enemenrapuuii 06’e€M TOprOY0i CHCTEMHU;
Qrp  — KOHLEHTpALlis FOPIOY0] PEYOBHHH;
(Pox  — KOHIIEHTpALlls OKUCIIIOBAYA;

n, M — crexioMeTpU4Hi KOe]IIli€eHTH BIAMOBIIHO MPHU TO-
prodiii pe4oBHHI i OKHCITIOBAYi B peaKiii ropiHHS;

k — KOHCTaHTa MIBUIKOCTI XIMIYHOT peaKIIii;
Ear — eHepris aktusariii;

R — YHiBepcasibHa ra3oBa cTana;

T,y —aniabatuuna Temmeparypa ropiHHS.

[Ipu Temmeparypax BHWINE, HDXK TEMIIEpaTypa camocranaxy-
BaHHsI, MTOCTYMOBO BiJI0YBAa€ThCS 3HIKCHHSI KOHIICHTpAIlli pearcH-
TiB BHACIIJOK IX BUTOPSHHS. 32 PaXyHOK IIbOTO MIBUJKICTH XiMid-
HOT peakilii, a, 0TKe, i IHTCHCUBHICTh TETUIOBHIUICHHS TIPH TEMIIE-
paTypax, OJM3bKHUX JI0 TEMIEPATypu 30HH PEaKIIii, MparHyTh HE JI0
HECKIHYCHHOCTI, K BUIUIMBAE 3 PIBHAHHS, a aCUMITOTUYHO Ha-
OIMKAIOTHCS 10 JIETKOTO MAaKCUMAJIBHOTO 3Ha4eHHs. Tomy (yHKIIis
q(+) = f(T) mae Touky neperuny (puc. 2.1).
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[HTEHCHBHICTH CyMapHOro HpoIecy TEIUIOBiA/aul 3 eJIeMeH-
TapHOI IJIOIII TOBEPXHI (POHTY MOIYM’Sl BU3HAYAETHCS CYMOIO
MIPOMEHUCTOI Teryionepeaayl Ta Mnepegadyero Terula KOHBEKLIEH 1
OTUCYETHCS PIBHAHHAM:

q(-) =aAS,y (TaIl - T )+ oeAS 1y (T:u - T: ), (2.2)

ne O — Koe]iIieHT KOHBEKIIIHOT TEIUIOB111aui;
AS g — enemMenTapHa 1IOIIA NOBEPXHI TEIIOBIAaYi;
€ — CTyMiHb YOPHOTH MOJIYM’SI;
G — KOHCTaHTa BUIIPOMiHIOBAaHHS a0COIIOTHO YOPHOT'O TiJa;

T, — TeMnepaTypa HaBKOJIMIITHBOTO CEPEIOBHUIIIA.
I'padiune BimoOpakeHHS KPUTHUHUX YMOB NPUIMHEHHS TO-
piHHS IpescTaBleHo Ha puc. 2.1.

90 90

1)

q(+)
a4+

=T

I

TO To Tnor TTOP
Puc. 2.1 — CxeMa 1OoCATHEHHS! TEMIIEPATypPH MOTACAHHS TOJIYM sI
IIPY 3MiHI IHTEHCUBHOCTEH TEIUIOBUALICHHS Ta TEIUIOBIAayi:

q(+), q(-) — TerUIOBHALIEHHS Ta TEIUIoNepeavya 3a YMOBH CTIHKOTO

TOPiHHS;

q'(+), q'(©) — TemmoBMIiTeHHS Ta Temmomepenaya 3a KPHTHUHHX

YMOB MPUNTUHEHHSI TOPIHHS.
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ITpu 30BHILIHBOMY BIUIMBI Ha 30HY TOPIHHS MOXKHA 3MIHUTH
CIIIBBIAHOIIEHHS MK 1HTEHCHUBHICTIO TEIUIOBAIUIEHHS 1 TEIJIOBII-
Jladi Tak, 110 CUCTeMa Iepel/ie B MOJO0XKEHHs, KOJIU KpuBi OyIyTh
MaTH Bl 3arajbHl TOUYKH: TOUKY JOTHKY B 00JacTi BITHOCHO BHCO-
KHX TEMIIEpaTyp i TOUKY MEPETUHY B 00JACTI HU3bKUX TEMIIEpaTyp.
[Tpu bOMY BHKOHYIOTHCS HACTYITHI YMOBH:

d#)=q¢):
/ /
dq (+) _dq ()
dT dT
Tl'IOF TlIOF
2/
daw)
dT
TlIOF

AHaJti3yroun CTaH CUCTEMH B TOYI[ AOTUKY MPU 1 por METO-
JIOM MaJiuxX 30ypeHb, MIEPEKOHYEMOCS, M0 CUCTEMa 3HAXOAUTHCS B
HECTIHKIM piBHOBA3i, 1 HE3HAYHE 3HMKEHHS TeMIIepaTypu Ha BEJH-

unny AT npuBoauTs 10 MOpyIIEHHs TEMIOBOrO GanaHcy Ta mepe-
X0y CHUCTEMH B TOYKY CTiiikoi piBHOBaru B 00JIaCcTi HU3bKUX TEM-
neparyp, TOOTO B 00JacTi HECKIHYEHHO MOBUIBHOIO 0O€e3Io-
JyM’SIHOTO OKHCJICHHS.

OCKIJIbKY 3HM)KEHHS TEMIIEpaTypH B 30HI FTOPIHHS MOXHA J10-
CATTH PI3HUMH LUIAXaMH (3MEHILEHHSIM TEIUIOBUAUICHHS, 30171b-
IMIEHHSIM TeIUIoBiagadl ado OJHOYACHUM 3MEHIIEHHSIM TEILIOBUIII-
JIeHHs 1 30UIBIIEHHSAM TEIUIOBIA/1aul), TO TeMIepaTypa MOracaHHs
HE € TOYHO IOCTIHHO BEJIMYUHOIO, a 3aJICKUTH BIJl 3aKOHIB 3MIiHH
IHTEHCHUBHOCTI TEIJIOBHMIIIECHHS Ta TEINIOBiAgayi, TOOTO BiI CIiB-
BIJTHOILIEHHS, BU/Y 1 B3a€EMOpO3TallyBaHHs KpuBUX q(+) 1 q(-).

AHaNITUYHUN PO3PAXYHOK YHCEJIBHOTO 3HAYEHHS TeMIlepa-
TypY MOTacaHHs JJIs PI3HUX PEKUMIB FOPIHHA 3B’SI3aHUI 3 NIEBHU-
MU TpyAHOIIAMH OOYHMCIEHHS MapaMeTpiB MpPOLECIB TOPIHHA
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B OJU3bKOTPAaHMYHMX CTaHAX 1 TOMY Ma€ OpPIEHTOBHHMM Xapakrep.
Jlis po3paxyHKy YHMCENbHUX 3Hau€Hb TEMIEpaTyp IMOracaHHs J0-
CIIJDKYIOTh 3aJ€KHICTh MIBUAKOCTI MOMIMPEHHS MOIyM sl Bl KiJb-
KOCTI TeIIa, 1110 BiIBOJUTHLCS Bl PPOHTY MOTYM .

AHasli3 3aKOHOMIpHOCTEH NMOIIMPEHHS KIHETHYHOI'O TOPiHHSA
[0 Napora3oBHUX CyMilllax 3 ypaxyBaHHSIM TEIUIOBTpaT Jla€ BHpa-
KEHHS KPUTHYHOI TeMIepaTypH, 3a sIKOi TOpiHHS Ma€ HEeCTIMKHUH
xapakrep. Temneparypa noracaHss AJii KIHETUYHOIO TOpPIHHA J10-
PIBHIOE:

RTZ,

Trhor = Ta)] (2.3)

E aKT

OpHak Ha MOXKeK1 HalyacTile 3ycTpiyaeTbes AUQy3iitHe ro-
piHHS, sIKe Mae CBOI BiAMITHI ocobnuBocTi. Y nugysiiiHOro mo-
JyM’sl BUILIE CBITUMICTh Ye€pe3 HasBHICTb B HbOMY TBEPJUX YACTOK
BYIJICLIO, 1[0 MPU3BOAUTH 10 30UIBLICHHS TEIUIOBTPAT BHIIPOMI-
HIOBAaHHSAM 1 JI0 3HIDKCHHSI 1HTEHCHBHOCTI TETUIOBHUJIICHHS uepes
HEMOBHOTY 3ropsiHHsA. IIpoTe 3MeHIIeHHs Temnepatypu Audy3iiHo-
ro MOoJIyM’si He MPU3BOJUTH J0 3MIHM KUIBKOCTI rasy, 1o 3ropsi€ Ha
OJIMHMIII HOTO TIOBEPXHi, OCKUIBKU HIBUJIKICTh TOPIHHSA BU3HAYAETh-
csl IIBUJKICTIO (13UYHOro mpouecy — Audysii. ToMy NpUIMHEHHS
TOpPIHHS 4Yepe3 TEIUIOBTPATH 3MIMCHIOETHCA B JAUPY3IHHOMY TIO-
JAyM’1 32 MEHIIOI iHTEHCUBHOCTI TEIIOBUIUICHHS B IMOPIBHSAHHI 3
KIHETUYHUM TIOJyM’ SIM 3a3JalieTib MepeMilianux ras3iB. Y audy-
3iifHOMY TOJIyM’1 Meka TOpiHHSA Mae€ iHmy (i3uuHy NPHPOLY,
OB’ s13aHy 3 OOMEKEHICTIO MBHIKOCTI XiMiuHOi peakii. [Ipu 306i-
JBIIICHHI MIBHJIKOCTI MOJa4i OKUCIIIOBada ab0o roproyoi peuoOBUHU B
30HY peakilii HacTyrae MOMEHT, KOJH IBHAKICTh XiMIYHOT peakitii
BUSIBIISIETHCS. HEJJOCTATHBOIO IS TOTO, 00 MEepepoOrTH B MOIyM i
PEUOBHHY, sIKa MOCTYIA€, 30Ha TOPIHHS OXOJIOIKYETHCS 32 paXyHOK
HA/IXO/DKEHHS HaJJTUIIKOBOTO XOJIOAHOTO KOMIOHEHTY CyMillli, 110
MPUBOANUTH [0 TOAAJBIIOTO 3MEHIIEHHS HIBHJIKOCTI peakuii, Ta
Bi/I0YBA€THCS MTOTACAHHS TIOTYM S

33



BOTYIT . 1

I'maBa 1. BIACTUBOCTI BOAM .....veeueiiiiieiieniieeiieeiieeiee et 5
PO3JIIJI 1. ®i3H4HI BAACTHBOCTI BOIU ....cccvvvveeeeenrreeeeeennreeeeennnee 5
PO3AIJI 2. XiMi4HI BAACTHBOCTI BOMH . ...vveeuevreenereeannreennvreennneens 19

KOHTPOIBHI IUTAHHS ...cvveenveiieniteieeitesieenie ettt 25

I'maBa 2. MexaHI3M NpUIIMHEHHS TOpIHHSA BOJOI0. BorueracHa

CEKTUBHICTD BOMH ....vveeuveenneeantienieeeseesuteeseassseenseesnseeseesssesnseesnsenns 26
PO3 I 1. di3uko-ximMi4HI OCHOBH MPUITUHEHHS TOPIHHS ........ 26
PO3IJI 2. BOrHETaCHUM BILTMB BOMOH.........cccccvrrreeeeeeeeeennnrnnnnn. 32

BOTYIT .t 3

I';maBa 1. BITaCTHBOCTI BOIH .. .oeeeeeeeeeeeee e eeeeeeeeaees 7
PO3IJI 1. Di3u4Hi BAACTUBOCTI BOMM .....ecevveeenereeereeeereeenneeenns 7
PO3JIIJI 2. XiMidHI BAACTUBOCTI BOMH .....cceeuvreeeeeeurreeeeeiaveeeeannns 21

KOHTPOTBHI TIATAHHS ....cvvveiveenieeeiieeiiesreeieesseeseesereenseesnneens 27

I'maBa 2. MexaHi3M TpUNUHEHHS TOPIHHS BOJIOIO0. BorHeracHa

CEKTUBHICTD BOH ....vveenvveereenreenereeseennseeseessseenseessseeseesssesnseessenns 28
PO3 I 1. ®di3uko-ximMigHI OCHOBH MPUITUHEHHS TOPIHHS ........ 28

34



Kpurtnuna temneparypa ropinas T yop 11 qudysiiinoro pe-
KUMY TOpPIHHS BU3HAYAETHCS SIK:

Tnor =

an

3RT},

E aKT

(2.4)

TakuM 4MHOM, MEXaHi3M MPUIIMHEHHS TOPIHHS IIJISTXOM 3Mi-
HU TEIUIOBOro OajaHCy B 30HI TOPIHHA, IO TPHUBOAUTH 0 3HU-
YKEHHSI TeMIIepaTypH B IIii 30HI O TEMIEPATypy MOTacaHHs, MOXKHA
MpeACTaBUTH y BUA1 Tabmuil 2.1.

Tabmus 2.1

3HMKEeHHH (1)

nmiiBUIIEHHA ((-)

3MiHA KOHIIE-|[IABUILEHHS |3HIKEHHS |3OUIBIICHHS |[IABHUILEHHS
HTpauii  pea-|Ear TEeMIepaTy- |IIOLI TEeIIo- KoedilieHTiB
TeHTIB y 30HI pY  HaABKOJIO|Bimmaui TerIonepeaa-
peaxkii 30HA TOpIH- qi

HS
* DO3BE/ICHHS |* BBCJICHHS B|® BBCJCHHS |® BBEJICHHS B|® 30UIBIICHHS

CHCTEMH O]I-
HHM 13 KOM-
MOHEHTIB YU
MIPUITUHEHHS
OCTYITy  iH-
IIIOTO  KOMIIO-
HEHTA,

* BBEJICHHA

IHepTHUX pe-
YOBHH,;

* 3HIDKEHHS

THCKY.

30HY peakIii
XIMIYHO aKTH-
BHUX  1HTIOI-
TOpiB

B 30HY peak-
mii pedoBWH
3 BHCOKOIO
TEIIOEMHIC-
TIO Ta TeEI-
jgororo  (a-
30BUX TIepe-
XOIiB

30Hy TOpPIHHA
MIOBEPXOHB,

AKl 30MparoTh
Ha ce0e TerIo

BUTIPOMIHIO-
BAJIBHOI 31aT-
HOCTI;

* 301TbIICHHS
MTOTYKHOCTI
KOHBEKILIIHUX
MIOTOKIB (3pHB
TOITyM '51)

Ha mpaxTutii gacriimie 3a Bce 3aCTOCOBYIOTh OXOJIOJUKEHHS SIK
HaNOIIBII TPOCTUH, TOCTYIHUHN 1 TOCUTh €PEeKTUBHUNA NPUHOM Ta-
CiHHA. SIK OXOJIO/KYIOUHMI BOTHETaCHHMM 3aci0 IIUPOKO BUKOPHC-
TOBYEThCS BoJIa a00 iHIII 3aco0u Ha ii OCHOBI — BOJHI pO3UMHH.
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Po3nin 2. BorueracHuii BILIUB BOIHU

[IpunvHEeHHd TOpPIHHS BOAOK OOYMOBIIOETHCS ii 0OXOJIO-
JOKYIOUOIO JIi€0, p030aBIEHHSM TOPIOYOr0 CEepeloBHINA MapamH,
10 YTBOPIOIOTHCS MPU BUIIAPOBYBAHHI, 130JISIIIIEI0 TOPIOYOTO MaTe-
piasty BiJl KMCHIO HOBITpsl a00 MEXaHIYHUM BIUIMBOM Ha PEYOBHHY,
sKa TOPUTb, TOOTO 3pHBOM MOJIyM s. [IpakTHYHO BC1 YMHHMKH Ii-
I0Th OJIHOYACHO, aJIe JOMIHYIOUUM B KOKHOMY KOHKPETHOMY BHIIa-
JIKY € OJIUH a0o JiBa.

Tak, Hanmpuknang, Opu MojAadi TOHKOPO3MWIEHUX CTPYMEHIB
BOJIM B TIOJIyM sl TaCiHHS BiJIOYBa€ThCS 3a PaxyHOK OXOJIOJKECHHS
30HU ropiHHSA. TakoX MpU BUITAPOBYBaHHI 00’ €M BOJHU 30UIBITYETh-
cs B 1700 pa3, 3aBIsKu YoMy BiiOyBa€eThCsl po30aBIECHHS KOMIIOHE-
HTIB TOPIOYOi CUCTEMH HErOPIOUOI0 BOJSHOIO naporo. OnHak, yepes
HETPUBAIICTh KOHTAKTY BOJAU 3 30HOIO TOPIHHS B MOJYyM’1 BOISHOT
Mapu YTBOPIOETHCA HEJOCTATHHO, TOMY ii pOJb B MPUIIMHEHHI TO-
PIHHS HE € JOMiHYIOUOIO.

IIpy momaui BoAM Ha Najgady pPEYOBHHY KOMIAKTHUMHU
CTPYMEHSIMU TIPUIHUHSAETHCS TOPIHHSA BHACITIIOK OXOJIO/KYBAaHHS
a00 130JIs11i1 peYOBHH, 5IKi TOPATH, a B pa3i raciHHs ra30BUX (hoHTa-
HiB MOKJIMBHH TaKOX 3pHB TOJXYM’si MEXaHIYHOIO JI€10 TOTYKHOTO
BOJISSHOTO CTPYMEHS 3a PaxyHOK BIJOKPEMJIEHHS 30HM TOpIHHA,
TOOTO JKepesa 3anaieHHs, BiJl TOPIoY0i CUCTEMHU.

B sikocTi 1305110109010 3aC00y BO/IA BUCTYTAE TP TaciHHI He-
PO3YMHHOT B Hili PiIMHU 3 BIAHOCHOKO TYCTHHOIO OiNbIlIe 3a OJU-
HUIIIO, HAMIPUKJIIAJ, CIPKOBYTJICIIO a00 TBEPIUX PEYOBHH, SKI MOXK-
Ha 3aJIUTH BOJIOIO, HANPHUKIAJ, B MifBajax abo Tpromax. Hacrym-
HUN edeKT raciHHs 3aCHOBAHHMM Ha p0o30aBJICHHI PO3YMHHUX y BOJII
NeSIKUX TOPIOYMX PEYOBUH 1 BTpATH HUMH 3[aTHOCTI ropitu (Ha-
NPUKJIAJ, CIIUPT, AlE€TOH, PO3YMHAIOUUCH Y BOJIl, YTBOPIOIOTh HETO-
prodi cymiri).

[Tpu raciHHI TIIIOYMX MOXKEXK eekT durerMaTr3alii BOASHOO Ta-
POIO TaKOX HE € BU3HAYJIbHUM, OCKUIbKM TIPH TJIiHHI, HATIPUKIIAJ, Je-
PEBHHH, TEKCTHJIO 1 T. 1., B CaMiid TOPIOYii pEUOBHUHI MICTUTBCS JOCTa-
THS I TOPIHHS KUTBKICTh KHCHIO, TOMY JIOMIHYIOUHM MEXaHi3MOM
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MIPUITMHEHHS T'€TePOreHHOr0 T'OPIHHA € OXOJOKYyBaHHS 30HH TO-
PIHHSL.

Po3rnsiHeMO MexaHi3M MPUIMHEHHS FOPiHHSA PEYOBUH 1 MaTe-
piaiiB B pI3HUX arperaTHUX CTaHax B 3aJIEKHOCTI BiJ JIOMIHYIOUOTO
BOTHETaCHOI'O BIUIMBY BOJM.

2.1 Boaa sik 0X0J10/1Ky0UM i BOTHEracHUM 3aci0

YMOBOIO TaciHHS ITOKEX1 € 3a0e3neueHHs MMEBHOI IHTEHCHUB-
HOCTI TETJIOBIABOIY BiJ 30HU TOpiHHS a0 BiJ rOPrOYOi PEUYOBHHH
Qgizs., 10 TPU3BOIUTE O 3HUKECHHS X TeMIIEpaTypu 0 MEBHOTO
YUCEIHHOTO 3HAYCHHS, TIPU SIKOMY TOPIHHS TOBHICTIO MPUITUHUTH-
cs1. HeoOxinHuit TemoBiBig Moxe OyTH 3a0e3MedeHnit 3a paxyHOK
TIOTJIMHAHHSI TeIlJIa BOTHETAaCHUM 3aCO000M Ha MPOTIKaHHS €HIOTEP-
MIYHHUX TpoIleciB Horo HarpiBy Ta ¢a3zoBoro nepexony Quora. B3.
Toni yMOBOIO TaciHHS MOXKEX1 3a TOMOMOTOI0 0XOJIOKYIOUOTO BO-
THETacHOTO 3ac00y € CIiBBiAHOIICHHS:

Qnor.n > QBiI[B

[HTEHCUBHICTH TEIUIONOTIIMHAHHS OyJ1e BU3HAYATH HEOOX1THY
MUTOMY BUTpPATy BOAM Ta IHTEHCHBHICTH ii MOZayi, MpU LbOMY Ma-
paMeTpH TMOXKEKOTaciHHA OyIyTh 3aJie)KaTH BiJ BUIY TOPIOYOi pe-
YOBHHH, ii arpEraTHOTO CTaHy Ta PEKUMY TOPIHHS.

2.1.1 I'aciHHs1 METOI0M OXOJIO/IZKCHHSI 30HHM IOPiHHS

VY pa3i audy3iiHOTO TOPIHHS Ta3iB OXOJIOUKYBaHHS CaMHUX
KOMIIOHEHTIB TOPIOYO0i CyMillli MPAKTUYHO HE MAE CEHCY, OCKUIBKU
ra3oMoBITPSAHI CyMIlIl BIAMOBITHOTO CKJIaAy 3JaTHI TOPITH 3a
Oyab-KO1 MOYaTKOBOT TeMIepaTypu. ToMy TErIo BiABOAUTH HEOO-
X177HO ©€3MoCcepeIHbO Bijl 30HU TOPIHHSA. YMOBOIO TaciHHS € CITiB-

Bimnomenus Tsp < Thor, fKe peanizoByeTbes 3a yMOBH, AKIIO Oy/1€e
BIIBEZICHO:

Qgins.sr > Zcpnri 8ur; (Trop ~ Thor ) (2.5)
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ne q gigp. 3r — IHTCHCHBHICTb TEILUIOBIABOJY BiJl 30HM T'OPIHH,
1
kJlx-C;

cPHF' — MHUTOMA TEMJOEMHICTh KOMIIOHEHTIB TPOAYKTIB
1

3ropsinHs, k/[x M K];
, )
glIri — 00’eMHa BUTpaTa KOXXHOTO 3 KOMITIOHEHTIB MPOJTY-

. 3 .1
KTI1B 3TOpsAAHHA, IO YTBOPIOKOTHCA, M -C ;

Tmp_ — Temrieparypa ropinss (momiym’s), K;

Tror — TEMIIEpaTypa moracanss, sika BU3HAYa€Thest 3a (Gop-
myoro (2.4), K.

VY pasi audysiitHoro ropiHHs mapu, U0 BiATIKAE 3 BUIHHOI MO-
BEPXHI TOPIOYO0l PIAMHMU, CIIpaBeJIMBa Ta K YMOBA raciHHS, 10 H
JUTS Tas3iB.

Opnak B nudy3iiHOMy TypOyJIEHTHOMY IOJIyM’1 BaKKO BH/II-
JUTH peakuiiiHy 30Hy. ToMy CTpyKTypy mosiym’s crpourytots. [lo-
JTyM'st BBRXKAIOTh JEAKUM (13MYHUM 00’€MOM Yy BHJIUMHUX MEXax 3
cepeaHiMHU 3a 00’emMoM napamerpamu [8]. ExkciepuMeHTanbHUX Aa-
HUX IIOJI0 CEPEAHBO00’ EMHUX TEMIIEPATyp MOTaCaHHS HEMAE, TOMY
MPOBECTH KOPEJIALII0 MIXK TEMIIEPAaTyPOIO MOTaCaHHs B 30H1 peakiii
1 TEMIIEPATyPOIO, CEPEIHBOI0 32 00’ €MOM IMOIYM si, HE TIPEICTABIISI-
€TbCS MOYKJIMBUM.

UYucneHHl eKcriepuMeHTalIbHI JaHl MOKa3yloTh, 110 3 JOCTaT-
HBOIO JTOCTOBIPHICTIO MOXHA BBa)KaTM MaKCUMAJIbHY TeMIeEpaTypy
¢dakena auQys3iiHOrO MoiayM’ss OUIBIIOCTI TOPIOYMX PEUYOBUH abo
matepianiB piBHow 1500-1600 K (myxe pigko nepesumtye 1650 K).
Tak, TeMneparypa HojayMm’s TOpIOYUX Tas3iB npu audysiiiHOMY To-
piHHI y BiAKpUTOMY TpocTopi ctaHoBUTh 1550-1600 K (kpim BOA-
HIO), TOPIOYMX PiAMH 3a THX *e ymoB 1500-1550 K, TtBepaux ro-
prounx peyoBuH 1 MatepianiB 1450-1500 K. IIpunyctumo, mo mno-
YaTKOBa TEMIIEpaTypa peareHTiB, TOOTO CyMiIlli TOPIY0i PEUOBUHU

3 okucaroBaueM, jaopisaioe Ty ~ 300 K, a reMneparypa npoayKTiB

ropinus — npubau3HO Temreparypi moaym’s Thron ~ 1500 K. Ile
03HAYae, M0 TEMIepaTypa CePeIOBHINA B 30HI TOPIHHS MiIBUIIIHIIA-
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cs mpubsmzHo Ha 1200 K. Ilpupict TemnepaTypu NpoayKTiB TOPiH-
HS TIPOTOPIIIAHUN KUTBKOCTI TeIIa, 10 BUILISETHCS BHACIIIOK Xi-
MIYHHMX PEaKIii TOpiHHS, 32 BUPAXyBaHHIM TEIUIOBTPAT HAa BUIIPO-
MiHIOBaHHS. SIKIIIO MPUITYCTUTH, 110 BTPATH HAa BUIPOMIHIOBaHHS B

HABKOJIMIIHE CEPEIOBHIIE CTaHOBIATE ~ 0,4 Qy, TO Ha MinBHILEH-
HS TeMIepaTypu B 30HI ropiHHsA minuio npubdauzno 60% Bciei Tern-
JIOTH 3TOPSIHHS JTAHOTO BUY TOPIOUYOi PEUOBHHHU.

3riiHO 3 TEIUIOBOIO TEOPI€I0 TeMIlepaTrypa MoracaHHs Jyis Mo-
JyM’STHOTO TOpPIHHS OUIBIIOCTI BYIJIEBOJHEBUX TOPIOYMX PEYOBHH
cranoBuTh 1300 K, oTxe, 111 MpUITMHEHHS! TOPIHHSA HEOOX1HO 3HU-
3UTH Temrepatypy (akena nmosym’st nmpubausno Ha 200 K, mo craHo-
BUTh Npubmm3Ho 17 % mnpupocTy Temmeparypud B 30HI TOPIHHS
(200/1200 = 0,17). Tomy asnst moracanHsi HOJXyM sl HEOOX1THO 3HU3UTH
KUTBKICTh TeIlIa, 10 BUAUIIETHCS, 111 Ha ~ 17% abo BiaBecTH Bif (ha-
Kena moiym’st jonaTkoBo 17% terna 3 Tux 60%, siki WayTh Ha MiABU-
IIEHHS TeMIepaTypH 30HU peakiii. [le o3Havae, 1m0 npu racivHi mo-
JTyM’sl 32 MEXaHI3MOM IPUIIMHEHHS TOPIHHSA OXOJIOJUKEHHSAM 30HHU TO-
piHHA Ui Audy31iHOro MosyM’sl TOPIOYMX ras3iB, Mapyu roproYux pi-
JIMH 1 Ta30MoJi0HUX MPOIYKTIB, 110 YTBOPIOIOTHCS MPU PO3KIIAJAaHHI
TBEPAMX TOPIOUMX MaTepiaiiB, JUIS JIOCATHEHHsS TeMIlepaTypH Iora-
CaHHsl HeoOXiHO 3 00’ emy moyM st Bimiopatu ~ 0,17-60% = 10% Bix
TEIUIOTHU 3rOPSIHHSA 1TaHOI T'OPIOYO0] pEYOBUHH:

Q BigB. 3r — 091'QH- (2-6)

Sxmo y ¢aken moayMm’st MOAAaTH TOHKOPO3MMJIEHY BOAY, TO
3HayHa ii yacThHa a0o Maibke BCS BOAA BUIAPYETHCS, BIIHSABIIU
MaKCUMaJIbHY KIJbKICTh Tera. Ilpunmyctumo, 1o Best Boja, mojiaHa
B 30HY IMOJIyM’sl, IOBHICTIO BUIIAPYETHCS, a Mapa, 110 yTBOpHIIACS,
BCsl OyJie HarpiBaTHCs J10 TeMIepaTypH noracaHss. PosrisiHemo me-
XaHI3MH IPUITMHEHHS TOPIHHS IS IIBOTO BHUITAJIKY.

Ilpu BBeZEeHHI BOIU B 30HY TOpPIHHSA 301JIbLIYETHCS 1HTEHCHB-
HICTh TEIUIOBIBO/Y 32 PAaXyHOK BUJIAJICHHS 3HAYHOI YAaCTUHU TeIlIa
peax1iifHOi 30HM Ha eHJI0TepMIYHI POoLIECH HarpiBy 1 ¢a3oBoro mnepe-
TBOpeHHs. OCHOBHI MEXaHI3MU B1JIBEJICHHS Teria Oy/TyTh HACTYTIHI:
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* 3HWKEHHS TeMmIepaTypu y ¢akeil HoayM s yepe3 BUTpaTH

TeIJla Ha HarpiBaHHsA Kparejab BOJM Macol My BiJl MOYAaTKOBOL
TEMIIEpPaTypu 0 TEMIEPATYPU KUITIHHS:

Q= Cpg mB(TRmI - T )= (2.7)

ae Mg — Maca BOJH,
Cp g — TMTOMa MacoBa TEIUIOEMHICTH BOJIH;

Ty, Tyun — MOUYATKOBA TeMIIEpaTypa i TEMIEpaTypa KHUIliH-
HsI BOJY BIJITTOBITHO.
*  3HWKEHHS TEMIIEPATypH HOIYM sl Uepe3 BUTPATH TeILIa Ha

BUIIAPOBYBAHHS Kparellb BOJIU Macow My:
Q2 = HBHHmB , (2.8)

ne Hgyn — nuToMa mMacoBa Temiora mapoyTBOPEHHS.
* 3HIDKEHHsS TEeMIIepaTypd MOJIyM’s 3a paxyHOK BUTpaTH
TeIUla Ha HarpiBaHHs Napy BOAM 10 TEMIIEPATypH 30HU TOPIHHS:

Q3 = ‘py mH(TIIOJI — Teun )= (2.9)

ze m,; — Maca napu (piBHa Maci Boau My);
Cp p — [UTOMa MacoBa TEIUIOEMHICTh [TapU BOAH;

T o1 — TeMEEpaTypa nomym’s.

* po30aBieHHS KOMITIOHEHTIB TOPIOYOI CyMillll B 30HI TOPIiH-
HS TIapaMUu BOJIH, 10 IPUBOJUTH IO 3HWKEHHS IHTEHCUBHOCTI Tell-
JIOBHUJIIJICHHS 32 paxXyHOK 3MEHIICHHS MIBUAKOCTI PEaKIlii;

* BOJa, 1[0 BUIAPYBAIaCs HABKOJIO 30HH TOPIHHS, 3HH3HUTH
TEMIIECPATyPy HABKOJMIIHBOTO CEPEIOBHIIA, IO 06yMOBmoe T1/1BU-
IICHHS IHTEHCUBHOCTI Tel'IJ'IOBl,I[BOL[y Bijl 30HH FOleHH 3a paxyHOK
3POCTAHHS IHTEHCHBHOCTI K KOHBEKIIIHHOTO, TaK 1 POMEHHUCTOTO Te-
TUIOB1IBOY Bif momym’si. Kpim Toro, mapa, 1o yTBopuiacs, Mpu3Bee
JI0 3MIHU TEIUIO(I3NIHUX BIACTUBOCTEH ra3oBOrO cepenoBuina (30i-
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JbIIEHHS Koe]illieHTa TeIIoNnpoBiIHOCTI A, TEMIOEMHOCTI ra30BOr0
CEpeIOBUILIA Cp 1 CTYHEHS YOPHOTH HOIYM ' E).

UrcenpHO BpaxyBaTH BCi YMHHHKH, SIKI OOYMOBIIIOIOTH BijBe-
JICHHS TeIUIa, TIOCUTHh BAXKKO, TOMY PO3IJITHEMO JIHIIE OXOJIOKYIO-
4uii BIUTMB BoJM. ByeMo BBajkaTH, 110 BCe TEILIO, BIAHATE 3 OCepe/l-
Ky TOEXi, MOTJIMHAETHCS BOAOIO 1 BIIBOAUTHCS 3 BOASHOIO Mapolo.
[TpuanHOIO0 XOPOIIOTO TEIIONOTIMHAHHS BOJU € BIUCOKI 3HAYEHHS ii
MUTOMOI TEIJIOEMHOCTI Ta TEIUIOTH MapoyTBOpPEeHHs. Tojl 3riiHO
(2.7) — (2.9) nuroma KiJIBKICTh TETIa, 1110 TOTJIMHAETHCS OJTHUM KiJI0-

rpaMoM Boau (M, = 1 KT'), CTAHOBHTB:
Unors =Cp, (Tmm - To)"' Hgyn+ ‘p, (THOJI - Tmm) - (2.10)

[TigcTaBuBIIM YUCENbHI 3HAYSHHS BXIJTHUX BEJIIMYUH 1 IPHUITH-
SIBIIIM, IO TEIUIOEMHICTh BOJIU JTOpiBHIOE 4,18 KI[)I(‘Kl“l‘Kl, moyar-
KOBa TeMmreparypa Boau cranoButh 20°C, HaliMeHIIa TeMIiepaTypa
nonym’st — 1000°C, TerIOEMHICTh TIApH BOAM B J[ialla30Hi TeMIepa-
Typ Big 100°C 1o 1000°C mopisuroe 1,96 kJix-kr -K ', orpumaemo
Qruora. = 4000 kJlx-Kr', TOGTO TEOPETUYHO OJIUH JIITP BOJIH, BBEJIC-
HO1 B 30HY TOpIHHS, TIPY MTOBHOMY ii BHUIapOBYBaHHI 1 HarpiBaHHi
napy BOJM 10 TEMIEpPaTypH MOJIyM s, 3aTHUI BITHATH Bia (axena
noryM’ st 4000 KiJTOKOYJTIB TeTwIa.

[Turomy BuTpary BoaM €., AKy NOTPIOHO 3a0€3MEUUTH IS
raciHas audysiiiHoro ¢akena mosym’si, MOXXKHa BU3HAUUTU K BIJ-
HOIIEHHS HEOOX1gHOI IHTEHCHUBHOCTI TEIIOBiAmadl OO KIIBKOCTI
TETIa, IO TOTJIMHAETHCS OHUM KiJIOTpaMOM BOJIH:

g, =M [kr-kr '] (2.11)

quOI‘JI.

Tak, 151 IPUITMHEHHS TOPIHHSA BUCOKOKAJIOPIHUX BYTJIEBO/-

uiB 3 Qy ~ 40000 kJIx-kr' TpeGa moxaTH B (hakes moIyM’s:
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~0,1-40000
Se 4000

=1 [a-kr'],
TOOTO TEOPETUYHO OAMH JIITP BOJU MOXKE 3aracUTH FOPIHHS OJHOIO
KIJIOTpaMy roprouoi piinHu abo 0HOTO KiJIOrpaMy rOprOYHX rasis.

Boga, nmonanatoun B 30Hy TOpiHHS, BCTUTHE ITOBHICTIO BHUIIa-
pyBaTuCs TUIBKM 3a YMOBH, IO Yac MHpPOTpiBaHHA Kpamii Ta ii
BUIIAPOBYBaHHsA OyJie HE OUIblIE Yacy MOJbOTY Kparili B OCEpeaAKY
ropiHHs. PO3risiHeMO YMHHUKM, 11O BHM3HAYAIOTh BEIMYUHY IMX
YaCOBHX IPOMIXKKIB.

Yac monpoTy Kparli 3ajeXUTh BiJ] HIISAXY, SIKUM MPOXOIUThH
Kparisi B MojtyM’i, Ta MBUAKOCTI i monboTy. Lnsax, sxuil mpoxo-
JUTh Kpamjs BOAW B MOJyM’i, BU3HAYAEThCS TEMIIEPATypol0 Ta
pO3MIpaMH camoro MoiayM’s, @ TAKOX MOJIOKEHHSIM MPUCTPOIO, 110
posnuitoe. Temneparypa ra3oBoro noToky, 1110 BiATIKA€ BiJ IOBEp-
XHI TOpIO4oro Marepiany, Moxe 3MmiHtoBatucs Big 500 no 1300 K.
Po3mipu dakena nomym’s (qiamerp o0’€kTa, 110 TOPUTH, 00 TOpH-
30HTaJIbHA JIOBXKHHA MOJyM’sI) 4aCTO BUMIPIOIOTHCA JE€CATKAMH Me-
TpiB, a MJIOIIA MOKEX1 MPU LILOMY BUMIPIOETHCSI COTHSAMH KBaJpaT-
HuX MeTpiB. [10J0KeHHs PUCTPOIO, 110 PO3MUIIIOE, BITHOCHO (a-
KeJa MOJyM’ss BU3HAYAETbCS KOHCTPYKTHBHUMH OCOOJIMBOCTSMHU
pO3MMIIIOBaYa Ta 30BHIIIHIMU YMOBaMHU (HaIllpHKiIal, IIBUIKICTIO
BiTpy). Ha CchOrogHi MOXXJIMBO CTBOPUTH Taki YMOBH, 3a SIKHX
JIOBKMHA LUIAXY MpoOIry Kpareib B IOJIyM’ 1 KOJIHBAETHCSA B MEKAX
Bix 1,5 mo 6,0 M.

[IBuaKicTh pyXy Kparuil BOAM B Ta30BOMY IOTOIIl 3aJI€KUTh
BiJ] 11 po3Mipy 1 HATHCKY Ha pO3MMIOBadi. B MOMEHT BUIIBOTY 3 CO-

IUIa PO3MMIIIOBAYA KAl Mae MovaTKoBy BHAKICTE W . Hampu-
KJIaJl, pO3MIIIOBAaYl MEXaHIYHOTO TUIYy CTBOPIOIOTH IIBUAKICTH BU-
TikaHHS 3 comna Bix 16 o 25 m-c'. Tlix mi€ro crut TsOKiHHS Ta onopy
ra30BOro CepeioBMIA KpaIulsd B MEpIINi 4ac pyXaeThes 3 yOyTHUM
IIPUCKOPEHHAM. Y JEeAKM MOMEHT 4Yacy IIPUCKOPEHHS CTaHe
PIBHHM HYJIIO, 1 TIOTIM Kparuis OyJie pyXaTUCs 3 MOCTIHHOIO IIBU/I-
KICTIO BITHOCHO r'a30BOTO INOTOKY, IPHU AKIM cuiIa TSHKIHHS Kparii
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YpIBHOBa)K€HAa CUJIOI0 aepOJAMHAaMIYHOI B3aeMOJIi Kparuii 3 HOTO-
KOM rasy.

HIBuAKICTh OCaPKEHHS BU3HAYAETHCS HA MPHUKIIAL1 OCAKEH-
HSl OJIMHOYHOI KPAaIUIMHH, 110 Mae ¢popMmy Kyii 3 miamerpom dy B
HEPYXOMOMY CEPEIOBUIIIL.

Cuia, sika pyxa€ KparinHy, BU3HAYA€ThCs PI3HUIICIO MK Ba-
roro kpammman G 1 cunoro BumToBxyBanHa A (cmma Apximena),
sIKa JIOPIBHIOE Ba3i Ta30BOTO CEPeIOBHINA B 00’ €Mi KpaIUIHMHH:

d3
G—A=TCTKg(pK —pr), (2.12)

e € — OPUCKOPEHHS BUIBHOTO MaJliHHS, M-c? ;
— JiaMeTp Kparuil, M;
dK s s
Prs Px — FYCTUHA ra30BOr0 CEPEIOBUINA 1 KpaIull BIANOBIA-

HO, KI"M".

[Ipu pyci KpamauHH B CEpeAOBUII BUHHMKAE CUJIa OMOPY
Fonop, sKa y BUMAJKy PIBHOMIPHOTO pyxy chepryHOi Kparul B ra-
30BOMY CEpPEIOBHUIII BU3HAYAETHCA 32 (OPMYJIOK0, CTPYKTypa SKOi
Oyna 3anponoHoBaHa 1ie HeroTroHOM:

2 2
n-dg pr-Wr
Fonop =~ = = ——Cx,  @13)
ne Cy - koediuienr 1060B0ro0 OMOPY;

W, — mBHIKiCTH ra30BOro MOTOKY.

Koeoimient no6osoro onopy Cy 3anexuts Bin popmu Tina,

o oOrikaeThbes, yncna Peiinonbaca Re (xapakrepusye BigHoIIEH-
HSI CHJI 1HEPIi 10 CHUJT MOJICKYJISIPHOTO TEPTS), 1 JICIIO MEHIIIOI Mi-
POIO Bij cTymneHs TypOYJICHTHOCTI ra30BOT0 MOTOKY.

Koedirmient mob6oBoro onopy st IaMiHAPHOTO PEKUMY PYy-
Xy KpariiHU MOXKHA BU3HAUYUTH SIK:
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e cniBBigHOLIEHHS 100pe MIATBEPIKYETHCA €KCIEPUMEH-
TOM TiNbKH I Maiux gucen Peinonsaca (Re < 2). ®@ynkniro Cy
= f(Re) He BraeThCa NPEACTABUTH OJHUM aHATITHYHAM PiBHAHHIM
JUIs BCHOTO 1HTEpBally 3MiH uyucen PeliHonbjaca, 10 MOSCHIOETHCS
CKJIaJTHUM XapaKTEePOM OOTIKaHHs KpaIUTMHHU MOTOKOM Ta3y. Bimomo
Oarato iHTEpHOALIMHUX (QOpMyI, fAKi OUTbIIO ab0 MEHIIOH
MIpOI0 TOYHO OMHUCYIOTh IO (PYHKIIIO B OOMEXKEHOMY IHTEpBai
gyucen Re. Tocuts ckazatu, mo Takux Gopmyil Ha el 9ac BiZoMo
nonan 40 [9].

3a possuHyTOi TypOysnentHocti (200000 > Re > 500)
Cx = 0,44. JTns nepexizHoi obmacri (2 < Re < 500) Cx = 18,5Re ’°.

ExcniepumeHTanbHi J1aHi, OTpUMaHi pI3HUMH aBTOpPaMU B
IIUPOKOMY JT1ara3oHi 3MiH uncels PeitHonbaca 1y1s pi3HUX YMOB Py-
Xy KyJi B piiMHI, JO3BOJIMIN OTPUMATH €KCIIEPUMEHTATIbHY 3aJIeXK-
nicte Cx = f(Re) nonany B norapudmiynux koopaunarax [10].

VY mouyaTKOBUI MOMEHT OCAKCHHsSI KparuldHa TiJl €0 CHUIIH
TSDKIHHA Oyl pyXaTHcsi IPUCKOPEHO, alie 31 30UIbIIEHHAM ILIBHIKOCTI
3pOcCTae OIip 1, BIANOBIAHO, 3MEHILIY€ThCs IPUCKOPEHHS. [{yxe mBuI-
KO HacTaHe JMHaMIYHa pPiBHOBara Cui, KOJM CHJIa ONIOPY CEPEeaOBHIIA
spiBusieThes 3 cunoro (G — A), sixa pyxae kparumny. [TounHarouu 3
IIOT'O MOMEHTY, KparuiiHa Oy/ie pyXaTucsi piIBHOMIPHO, 3 MOCTIHHOO

wBHAKICTIO W= Wi 110 MBUIKICTS HA3UBAIOTH WLEUOKICHIO 6U-
manna. 11IBUAKICTE BUTAHHS MOYKHA BU3HAYUTH 3a JOMOMOTOK) YMO-
BU PIBHOCTI CHJIM, L0 PYXa€ KPAIUTHHY, 1 CHJIM ONIOpPY CEpeOBHIIA:

n-di
6

2 2
.TC'dK _pr'WK
4 2

2

g(PK _pr)=Cx

3BIIKHA
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4gd —
Weur = g (P =Pr) (2.14)

3prCx

3a mpUOIU3HUMH TipaxyHKaMHu 1 JTOCHTiIaMH BCTaHOBJICHO,
mo kpart giamerpoM 1o 100-107° M 3a mo4YaTKOBOI MIBHAKOCTI
100 m-c™' Bixe uepes 0,4 ceKyHIM MOBHICTIO BTPAYaiOTh TOYATKOBY
MIBUJKICTh 1 HaOyBalOTh MIBHAKOCTI BUTaHHA. [Ipu 11boMy BOHHU
BCTUTAIOTh MPOWTH nuIsax Oing 0,25 M Bij po3nmioBava. 3i 3011b-
MIEHHSM PO3MipiB Kpareib MIBUIKICTh BUTAHHS 301TBIIYETHCS 1 IS
kparens giamerpom B (100 + 150)-107° M konuBaeThCS B MEXKaxX Bix
0,1 10 0,3 mc.

S0 He BpaxoBYBAaTH IIBHUJIKICTH CaMOTO Ta30BOr0 MOTOKY
BiTHOCHO TOBEPXHI PEYOBUHH, 1110 TOPUTH, TO Yac nepedyBaHHs Ta-
KHX Kpariejab B MoJayM’i cTaHOBUTH Bix 6 10 60 cexynn. Hacmpasmi
Kparut y Qakesni pyXarThCsl BITHOCHO MOBEPXHI PEYOBUHU 3HAYHO
MIBUJIIIE 32 PaXyHOK TOTO, IO iX HEce 3araJIbHUM MOTIK MOBITPSA 1
rasiB, IKHii CTBOPIOETHCS CTPYMEHEM PO3MUITIOBAYA.

Kpamus, o nposnitae uepes po3kapeHi ra3u, OyJie HarpiBaTu-
Csl, BUMAPOBYBATHUCA 1 3MEHIIIYBATUCS B PO3MIpi a)k JO MOBHOTO il
3HUKHEHHs. KUTbKICTh Temna Q, SKy OTpUMY€ Kparuis Bij po3xape-
HUX NPOJYKTIB TOPiHHA y (akesi MoayM s, BA3HAYAEThCA 32 3aKO-
HoM HproTOHa:

Q= TC'dKZ-OL(Tr - Ty, (2.15)

ne  dy — moyaTkoBui JiaMeTp Kparuii;

T, Ty — TeMneparypa razooro cepemoBumia i Kpamii Bi-
MOBIJHO;

Ol — KOeiIiEHT TETIOBIIIaYi.

[Ipumyctumo, 1o Bce TEIUIO, M0 MOCTYIMAE IO Kparuli, Cro-

YaTKy BUTPAYa€ThCs TIIBKM HA 11 HarpiBaHHS 1 MPH I[bOMY HE Bij-
OyBa€eThbCs BUIAPOBYBAHHS Ta 3MEHILIEHHS pO3MIipiB Kparuti, TOIi:
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dT,,
dr ’

2 1
nd2o(T, - T,.) = gndﬁpxcpK

Ae  Cp g — TEIUIOEMHICTb Kparuli.
ITicnsa cnpomieHHs 1 pO3AUIEHHS MEPEeMIHHUX OTPUMAEMO PiB-
HSTHHS:

d
dr= PP gq
60(T, - T,)

InTerpyroun 1ie piBusaus B Mesxax npu T =0 Ty = T, a npu

T=Tyar L= T{c , OTPUMAEMO:

¢, d
_ PxCp  Cx 1 T, -T,
Thar = 6 n R
o Tr - TK
e TL — TeMIIepaTypa Kparuli 10 KiHIS HarpiBaHHS.

OCKUIBKY TeMIiepaTypa ra30BOT0 cepe/loBHINa y ¢akeli 3Had-
HO OiNbIIa, HK Temreparypa Kparli, TO MOXHa, CKOPHCTaBLIMCh
PO3KIIaJIeHHsAM JloTapudmy, CipocTUTH ocTaHHIo hopmyiy. Tomi

. B chpK dy T{( -T,
Har 6a  T,.-T,

(2.16)

Koedimient TemnmoBingaui Ol 3aleXuTh Bi pajiyca Kparuli,
SIKa BUIAPOBYETHCS, 1 MIBHAKOCTI i1 MOJBOTY 1 BHU3HAYAETHCS SIK
¢byHkuig kputepito PeitHonbca:

2
a=x—r 1+0,08Reé , (2.17)
rK
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ne I'x — pajiyc Kparuii;
A — KoedillieHT TeNIoNPOBiHOCTI rA30BOTO CEPEOBHUIIIA;

Re — kpurepiii Pelinonsaca.
Kpurepiii Pelinonbaca MOKHA BUPA3UTH CITIBBIIHOILICHHSIM:

W..r
Re= KK (2.18)
Vr
e Vr — KiHeMaTH9Ha B’ S3KICTh Ta30BOTO CEPEIOBHIIIA;

W, — mBUIKICT MOIBOTY KpAILIi.

Po3paxyHku moka3yioThb, 10 IpH PYLIEHHI Kpamneib BOAU B
ra3zoBoMy CepeloBHIli 3 Temmeparyporo Oias 1000°C 3 mBHAKO-
CTSIMU BUTaHHSI, 00UYMCIEHUMH 3T1IHO 3 (2.14), kputepiit PeitHob-
nca Oyjie 3HaYHO MEHIINM 3a oAuHHUI0. e 703Bosie 3 JOCTaTHHOIO
TOYHICTIO BBa)KaTH:

a=-r (2.19)

Toxi popmyiy (2.16) MokHa TiepenrcaTd y BUAL:

2
e PR Ty =T, (2.20)
3. T -T,

[Tpu nocmiimkeHHI Mpolecy BUIApOBYBaHHS Kpareilb BOAU
posmipamu Bix 10° M 10 2-10° M B HOTOKY MOBiTPs, HArPiTOroO 10
TEeMITepaTypH, 10 TIEPEBUIIYE TEMIIepaTypy KUITIHHS PiIUHU, OYJII0
nokaszaso [11], mo HaBiTh npu Temnepatypi nositpst 700°C 1 Buie
TeMIepaTypa Kparuli He JocArae Temreparypu KumiHHs. Pe3ynbra-
TH BUMIpPIOBaHb TEMIIEpATypy Kparuli 3a pi3HUX TEMIIepaTyp MOTO-
Ky TOBITPsI TPUBEICH] B TaOwmi 2.2.
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Tabnuusg 2.2 — 3anexHIicTh TeMIepaTypH Kparji BOAU BiJl TeMIIe-
paTypu HarpiToro rasy

t...°c/100 (150 200 |300 |400 {500 {600 {700 (800 (900 (1000
OB,

t, °C |35,5]42,2148,6|57,3164,8 (70,7|74,9|78,5|82 |86 |88.,5

TeopernuHe OOIPYHTYBAaHHS OTPHUMAHUX EKCIEPUMEHTAJIb-
HUX pe3yJbTaTiB NPUBEACHO B JOJATKy A, /i€ MMOKa3aHo, IO 3ale-
JKHICTh CTaI[lOHApHOI TeMIlepaTypH Kparuli BiJ TeMrepaTypH Iras3o-
BOT'O CEPEOBHUIIIA MA€E BU:

’ ( )

Ty = T¢\Psar _Pn0 (1—-exp(-A))+ P110 , K,
ne Tg(Py) - TeMIiepaTypa HaCHUEHHS TIapH 32 33/1aHOTO 3HAYCH-
HSl MapIiabHOTO TUCKY Py mapoBoi ckimamoBoi mapora3oBoi cyminiri
(s TeMmeparypa 11e Ha3uBa€ThCS TOYKOIO POCH);

T4(P) — 3anexuicts abCoOMOTHOT TeMIEPaTypH HACHYEHHS BOJIS-
Hoi nmapu Bij ii Tucky P;

P3ar — 3aranpHMil TUCK ra30BOTO CEPEIOBUINA;

Py0 — mapuianbHU TUCK BOASHOI Mapy y BUXITHOMY Ta30-

BOMY CEpEJIOBHIII];
A — mapameTp, KUl JTOPiBHIOE:

/
Nu A -TFRB-ln 1+cpn'(Tr_TK)

Sc¢ cpp D 2Py, AH

A=

ne  Nu — gucno HycenbTa, 1o xapakrepusye mpoliec Terioo0-
MiHY MK KpaIwielo Ta Ta30BHM CEPEIOBHUIIEM;
Sc — yucno IlImiara, mo xapakTepusye mporec MacooOMiHy
BOJITHOI mapu B Audy3iiHOMY 1mapi;
. . .2 -1
D — xoedinient qudy3ii BOASHOI Mapu y MOBITPi, M -C
A — KoeIIieHT TEIIOMPOBITHOCTI TA30BOTO CEPEIOBHUIIIA,
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-1 -1
BrMm K ;
Ty — Temnepatypa razoBoro cepenonuiia, K;

-1
AHgyy - TUTOMA TEIUIOTA NAPOYTBOPEHHS BOAM, [IK-KI
-1 -1
Ry - nutoma rasosa crana soau, x-xr K .
/ . .
MaKCI/IMaJ'IBHa. temneparypa T k, 10 AKOT MOXKE MPOrpiTHCS
Kparuisi BOJM, MPOJIITalouu 4Yepe3 MOTIK rapsuux rasis, Oyne 3ane-
XKaTu BiJ TeMIepaTypu Ia3oBOro cepenoBuina. J[uHamika HaOmM-
JKEHHSl TeMIlepaTypu Kpalll A0 CTalllOHapHOTO 3HA4YeHHS BI1JIO-
OpaxeHa Ha puc. 2.2. HeoOxiHO BIAMITUTH, 110 CTalllOHAPHA TE€M-

e . .
nepatypa kpariti T , MaJio 3aJIeKHUTh Bijl MOYaTKOBOT TEMIIEpaTypr
piauHu 1 Big po3mipy kpamiai. Po3mipu kparuti OynyTh BIUTMBAaTH
TIJTBKH HA Yac JOCSITHEHHsI CTaIllOHapHO1 Temmeparypu (puc. 2.3).

100

90

80

70

60

50

TeMIIepaTypa Kparui, C

40

30

20

0 0.05 01 0.15 0.2
Hac MOILOTY, C

Puc. 2.2 — 3miHa Temmepatypu Kparti Bogu giamerpom 200-10°° M 3a
4acoM IOJILOTY B 3aJIEKHOCTI Bijl TEMIIEpaTypy Ia30BOr0O CEPEIOBUILA
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200 0.2 04 06 08
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Puc. 2.3 — 3miHa Temnepatypu Kparuii BOAM pi3HUX Jl1aMeTpiB 3a
Y4acoM IOJILOTY 3a TEMIIEPATYpPH ra3oBoro cepenosuina 700°C
Kpamus, sika Harpinacs, To4He BUTIAPOBYBATHCS 32 YMOBH, IO
TUCK HAacH4YEHOi MmapH O MoBepXHI po3ainy (a3 crae Ouibliue 3a
TUCK Mapu B HABKOJMUIIHbOMY Ta30moAi0HOMYy cepenoBuill. Buna-
pPOBYBaHHs B IIpOIeCi PYLIEHHs Kparuli BiOyBaeThCs 3a paxyHOK
TeIa, 110 TOCTYIA€ BiJl MOJIyM’ s, IPU IBOMY PO3MIp Kparuii Oye
3MeHIIyBaTHcs. Toal TermoBuid 6anaHC MOKHA 3alMCaTH SK:

dr
”dlzca(Tr —Ty)= _HBI/IIIpKndIZC d_: : (2.21)

[TincTaBuBiy 3HaueHHs O 3 (2.19) B piBHsHHS (2.21) i iHTe-
IPYIOYM OCTaHHE, OTPUMYEMO BHpa3 JIs 4acy IMOBHOI'O BUIAPOBY-
BaHHS:

T r
BHII K H
punPx

Jde= |

0 0k (Tp=TL)

rdry . (2.22 a)
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. / . o .
Ocxkinbku T, He3HauHOIO MIpOIO Bipi3HSETHCS Bix MOYAT-

KoBoi Temneparypu kpamiti T, B mopiBHsaHi 3 Ty, piBHSHHS
(2.22a) MmoxHa 3amHcaTH SIK:

H
- “emPr 2 (2.22 6)

T =
BHII 2?\.1- (Tr _ TO) K

Yac BuUnapoBYBaHHS Kparjll 3MEHIIYEThCS 3 MiABHIECHHAM
TEMIIepaTypy Ta30BOT0 CEPEOBHUIIA 1 MIBUIKOCTI Ta30BOTO MOTOKY.

[Tnoma moBepxHi Kpamii NpornopliiiHa KBajpaTy paiiyca i
IIpY BUIIAPOBYBAaHHI 3MIHIOETHCS 3 YAacOM 3a JIHIMHMM 3aKOHOM.
3ajexHICTh KBajparTy JAiaMeTpa KparJi BiJ yacy 3a pi3HUX TeMmIle-
paTyp MOBITPs IPEACTABJICHO Ha pHC. 2.4.
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d%10°% m?
4,0

3,51
3,1}—5
2,5{
z,u-g

1,5

o VAN N

0 20 40 60 30 100 120
Puc. 2.4 — 3anexHicTh KBaJlpaTy JiameTpa Kparuli Bijl yacy npu
IIBHKOCTI TTOBITPSIHOTO MOTOKY | M-C' i pi3HHX TemmepaTypax

I,

TakuM 4MHOM, TIPU BUIIAPOBYBAHHI Kpareib BOJU B PYyXOMO-
My T'a30BOMY CEPEJOBHIIII 3a TEMIIEPATYpH, sIKa IEPEBUIILYE TEMIIe-
patypy KHITiHHSI BOJIU, BUKOHY€ThCSI 3aKOH Cpe3HEBCHKOTO:

dsS
— =const.
dt

A6comorni 3nauenns dS/dT 3a pisaux Temmepatyp razoBoro
CepeZIOBHUIIIA 1 IBUKOCTI IOTOKY MpeACTaBJIeHi Ha puc. 2.5.
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_9S 498 m2.c-1
dr
100 - 600°C
30} 400°C
60
40t 200 °C
20
/// 1007 C
| 1 1 1 1 1 1 1 1 1 1 1 U,MI _1
0 1 2 3 4 5
. dS | .
Puc. 2.5 — 3anexHicTh d_ BiJ IIBUIKOCTI MOBITPSHOTO OTOKY 3a
T

pi3HUX Hforo Temmneparyp

SIk1110 MOPIBHATH Yac HArpiBaHHS 1 YaC BUIAPOBYBAaHHS Kparl-
7i, To 3 piBHSHB (2.20) 1 (2.22 6) MOKHA OTPUMATH:

Teun =§ Hpun _ (2.23)
Tharp 2 CpK(T{c -T,)

TaxkuM 4YMHOM, BIHOIIIEHHS Yacy MOBHOTO BUIAPOBYBAaHHS Kpa-
TeNb JI0 Yacy iX HarpiBaHHS HE 3aJIKHUThH BiJl pajiyca Kparelb, a 3a-
JISKUTh TUIBKH Bl IOYaTKOBOI TEMIIEPATYPH BOM, IO MOJAETHCS HA
TaciHHsI, 1 TEMIIEPaTypH Ta30BOI0 CEPEIOBUIIA, B SKE TIOMA A€ KPATUISL.
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SIKIO MPUIYCTUTH, IIO MOYATKOBA TEMIeEpaTypa Kparuli BOAHM, sKa
HOJAEThCs Ha Tracidms, nopisuoe 20°C, a Temrmeparypa ra3oBOro
cepenouiia B daxern 750°C, omke KiHIEBa TemIriepaTypa Kpamn —
80°C (yuB. Tabi1. 2.2), TO OTPUMAEMO, IO Yac MOBHOTO BUIIAPOBYBaH-
Hs1 Kparuti B 13,5 pa3u Oibliie yacy HarpiBaHHsI.

Tak, s kpanenb JiaMeTpoM B 100-10°° M, 1[0 TIPOJIITAIOTH 3i
IIBUIKICTIO BUTaHHSA depe3 (aken moaym’s 3 TeMIepaTyporo
1000°C, gac HarpiBaHHsI CTAHOBUTH 2,5-107 ¢, a yac MOBHOTO BHITA-
poByBanns — 34-107 ¢. Tpusamicts "xurTs" Kpamm y dakeri mo-
JIyM’s cTaHOBHTHME G11r3bK0 36-107 ¢. [Ipu 36inblreHH] mBHIAKOCTI
pyuieHHs: B 250 pa3iB yac BUNApOBYBaHHS KpaIwli 3pOCTa€ TUIBKU
npubau3Ho B 1,3 pasu 1 Oyzae cranosutu 0,04 ¢, ToOTO MeHIIE MO-
JJIMBOTO MIHIMAJIBHOTO 4acy MOJbOTY Kparuii, piBHOTO MPUOIU3HO
0,06 c.

Takum giHOM, Kparti iamerpom B 10010 M i Menie moBu-
HHI TTOBHICTIO BUMApyBaTHUCA y (aKemi MmoiyM’s 3a 4ac, MEHIINI HiX
0,04 c. Kparuti miamerpom B 150-10° M BCTWrHYTH BHIapyBatHCs
TUIBKA YaCTKOBO (B 3aJIEKHOCTI BiJl JIOBXKMHU LUIAXY, SKMA BOHU
NPOJIITAlOTh), @ YaCTKOBO MOMAAyTh HA MOBEPXHIO PEYOBHHH, SKa
ropuTh. bijbll Kparuli He BCTUTHYTh BUIApyBaTHCA 1 MOMAAyTh Ha
CTIHKHM KOHCTPYKIIii, 110 OTOYYIOTh, 00 Ha MOBEPXHIO PEUOBHHHU.

OTxe, 3a yMOBH, 110 Yac TMOBHOIO BUIIAPOBYBAaHHS Kparull

Tpun OUTBIINI 32 yac 11 moaboTy y akemi noayM’st Tyoy, PIBHIHHS
(2.22a) MoxHa nepenucaTy 3 IHILUMHI MEXaMU IHTeTpyBaHHS:

Tron rl(c) H
Id‘l‘= I punPx rdr, .
/ )"r (Tr _TK)
0 r
K

HgunPx ( 0)2 ( /)z
Tron = re] —lIr ,
moa 20 (T, —T,) K K
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ne Tron — Yac MOJBOTY Kparul y (akeidi Mmosym s, MpOTAroM
SIKOTO B1/10yBa€ThCS MPOLIEC BUIIAPOBYBAHHS;

0 o . .
Iy — IIOYaTKOBHH PAATYyC KpaIlil,

/ . .
I'e — paalyC Kpaiuil Ha MOMCHT 4acy Thooss

T, — TeMnepaTypa Kpaiuii Boju.
BupinieHHs 1150T0 PIBHSIHHS J1a€ MOXKJIMBICTh BUSHAYHMTH KiH-
LEBUI po3Mip Kparmemnb Micis X MPOXOIKEHHS Yepe3 30Hy HarpiTHx
MPOIYKTIB TOPIHHS:

( BT 0 )r,m . (224)

HBI/IHpK

OuiHuMO KOE(IIIEHT BUKOPUCTAHHS BOIU kBI/IK(F) IIpu Tra-
CIHHI TOJIyM 4 SIK YaCTKy BOJIH, sIKa MPH MOJaul pO3MUIEHOTO CTPY-

MEHIO B 30HY TOpiHHS BCTHTHe Bumapysatucs. Ilapametp Kgui(r)
MOJKHA TIPEJICTABUTHU SIK BiJHOIICHHS IHTEHCUBHOCTI BHIIAPOBYBAaH-
HS 710 IHTEHCHBHOCTI MOAa4i BOJIM Ha TaciHHS, SIKI B CBOIO 4epry
MO’KHa BHUPA3UTH Yepe3 BiAMOBIIHI MacH BOAM — KiHIIEBY 1 BUX1JIHY,

K1 0yJI0 IOJIaHO 32 Yac Tyey- JKIIO HE BPaXOBYBAaTHU 3MiHY I'yCTH-
HU BOJAM NP HarpiBaHHI, Macy BOJIM MOKHA BUPA3UTHU 4Yepe3 BIATO-
BiJTHI cepe/Hl pajiycu Kpamelb, TOIi:

I i A
kBI/IK(F) = IB“H = m;ill KH _ K K ,(2.25,a)
1 ()i | noJ (l.l(())3

Kpuk(r) =1 :
&
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ne Igun — iHTEHCHBHICTH BHUIIAPOBYBAaHHS BOIM 3 MOBEPXHI Kpa-
Teb;

Inon — IHTEHCHUBHICTb I10Ja4i BOAU Ha TaciHH;
My, — BEXIJHA Maca BOAH, Ky OyJIO IOJAHO 3a 4ac Tyor

Myjy — KIHIEBA Maca BOJM, sIKa 3aJIMIINIIACS IMICIS BUIIApO-
BYBaHHSI.
TakuMm unHOM, 3 ypaxyBaHHSM (2.24) yacTka BOJu, 110 BUIMa-
POBYETHCS B Ta30BOMY CEpENIOBHILI MPHU MPOXOPKEHHI Yepe3 30HY
HarpiTUX MPOIYKTiB TOPIHHS, BUPAXKAETHCS SIK:

(o 2 T, Y

noJI
HgynPx

Kpu(r) =1- (
0
of

2}"r (Tr B TK)

HpunPx
st Bkasauux yMoB (Ap = 9,2:107° Brm K, Ty — Ty = 1000 K,
Pr= 1000 xr-m”, Hgyy=2,26-10° Tx-xr ') nopiBHIOE IPHGTH3HO
8-10° M*-c™'. Uac mosbOTY KpaIuti 3aJIeKUTh Bifl pO3TALIyBaHHS TIPH-
CTpOIO, SIKUH MO/Ia€ CTPYMiHb BOJIM B 30HY TOPIHHS, Ta BiJ] IIBUAKO-
CTI PyXy Kpamenb. SIKIo NpuAHATH CepeAHiid Yac MOJIbOTY Kparu
0,1 c, a moyaTKOBHIA pajiyc Kparui 200-10°° M, TO YacTKa BOJH, SKa

.(2.256)

3aJIMIIAECTHECS IMOCTIMHUM 1

Bigaomenns

BUIIAPOBYEThCA Y (haKeni MOoIyMm s, kBﬂK(F) cranoButh 0,3. Ilpu
3MEHIIEHH] BUXiHOTO po3Mipy kpanemb mapametp Kgy(r) 3HauHO
. 0 -
3GUIBITY€ThCA, TAK TIPH Ty = 100-107° M Kgui(qr) = 0.91.
Takum 9uuHOM, OTpHMaHe YHCENbHE 3HAYEHHS MMUTOMOI Kijlb-

KOCTI TeIuia, M0 MOTJIUHAETHCS BOJOI0 B 30HI TOPiHHS, BIAMOBIIHO
no dopmymu (2.10), Mae po3paxyHKOBO-TCOPETHYHHHN XapakTep.
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HpaKTI/Iqu K HEMOXJIMBO 3[IHCHUTH ToOAadyy BOAM y akes Io-
JTyM’si, TOBIBIIU HOTO JI0 TIOBHOTO IOTACaHHA, 1 IPU I[bOMY 3a0e3-
MIEYUTH TOBHE BUIIAPOBYBaHHS BCi€l BOJM 1 HarpiBaHHs ii mapu 10
TEMIIepaTypy ra30BOTO cepefoBUIIa. ToMy B po3paxyHKax BBOASATH
MOTIPaBOYHI KOe(ILIEHTH, sIKI BpaXOBYIOTh BTpaTH BOAM MpPHU Mojadi
y (aken momyMm’s, HEMOBHOTY BHIIAPOBYBAHHS Kpareiab BOMM,
YaCTKOBICTb MPOrpiBaHHS BOASIHOI MapH JI0 TEMIIEpaTypu ra30BOr0
cepenoBuina B moxym’i [1].

SIKIIO MPUITYCTUTH, 10 HE BCA BOJA MOMNAJE NPH PO3NWICHH] y
¢axen nomym’s, a Titbku 80% ii; kpiM TOro, Boja, ska monaua y ¢a-
Kell ostyM’st, Harpierbes He 10 100°C, a mume 1o 80°C; He Bes Harpi-
Ta BOJla BUMapyeThes, a TUIbkU 70% 1, 1 o 80% mapu, sika yTBOpuIIa-
Csl, IPOTPIETHCA JI0 CEPEAHBOI TeMIiepaTypu y ¢akesn noiym’s (Ipu-
Om3Ho 110 750°C), ToAi MATOMA KilIbKICTh TEIUIa, TIONJIMHYTOTO BOIOK)
Ta B1JIBEJICHOTO BiJl 30HU TOPiHHS, Oy/Ie IOPIBHIOBATH:

Anora ™ 0.8¢p 5 (80—ty)+0,55H 1+ 0,dcp, 1 (750-80). (2.26)

[Ticnst migCTaHOBKHM YHMCENbHUX 3HAYCHb BXIAHHMX BEIUYUH B
(2.26) nuTomMa KUIBKICTH TEIJa, 10 MOTJIMHAETHCA OJHUM JITPOM
Boau, Oyne mpubnuszHo crtanoButu 2000 KI[)K-Kr'l, TOOTO BBIYl
MEHIIIe OTpuMaHOTO 3rimHo (2.10) 3HadeHHs. BimmoBigHo 1 HEOO-
X17H1 TUTOM1 BUTpATH BOJH VISl IPUITMHEHHS TTOJIyM STHOTO TOPIHHS
3rigHo (2.11) OyayTe B aBa pasu Ouneimmmu. Lle o3Hauae, mo s
racinHsa nudy3iitHoro dakenna moiayMm’ st BACOKOKaJIOPIMHOTO BYTJIE-

BozxHeBoro nansHoro 3 Qy ~ 40000 kJ/lx-kr' Tpeba moxatH y Ga-
KEJI TIOJTyM 5I:

Qgins.sr  0,1-40000 1
g = ~ =2 [mkr ],

Qnorn 2000

TOOTO MPUOTU3HO 2 71 BOJM HA KIOTpaM roprovoi peuoBUHH.
Arne 1 i 3Ha4eHHS B 5-10 pas3iB MeHIe BUTpAT, IO peaizo-

BYIOThCs Ha npaktuii (gus. noxatox B). g oGcraBuna mokasye,
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AK1 BENMKI pe3epBH MiJBUIIEHHS BOTHETaCHOI €()eKTUBHOCTI BOJHU
3a MEXaHI3MOM OXOJIOJKEHHS (hakena MmojayM’sl MPUXOBaHl y BIOC-
KOHaJIEHH1 crioco0iB Mojayl BOAW B 30HY IOPiHHS B MPOLEC] raciH-
HSl JICSIKUX BHJIIB TTOKEK.

[ToTpiGHO 3a3HAUNTH, IO TPU TOTYM SHOMY TYpPOYJICHTHOMY
TOPiHHI OXOJIOUTHU O€3M0CePeHbO 30HY TOPIHHS, SIKa SBJISIE COOOI0
TOHKUH PYXJIMBHH IIap rasy, MPakKTUYHO HEMOXIUBO. ToMy Ha mo-
XKeX1 BHUKOPUCTOBYIOTH I1HIIUH METOJ TaciHHS — OXOJIOJKEHHS
MOBEPXHI Malayoi KOHJAEHCOBAHOI PEYOBHMHH [0 TEMIIEpaTypH
HUKYE KPUTUYHOTO 3HAUCHHS.

2.1.2 T'aciHHA MeTOJAO0M OXOJIOJKEHHSI MOBEPXHI KOH/EH-

COBAHOI peYOBHHU

PosrasineMo mMexaHi3M NMPUTTMHEHHS MPOIIECiB TOPIHHA 3a JI0-
MMOMOI'O0 BOAU OXOJIOKYBAHHAM HOBerHi KOHACHCOBAHUX T'OPIO-
YUX PEYOBHUH 1 MaTepiaiB.

T'acinnsa 2oprouux pioun.

[Tpu mudysiitHOMY TOPIHHI TOPIOYOI PIAWMHMA TAaCIHHS TOTYM st
PO3MUIIEHOO BOJOIO OB S13aHO 3 JIBOMA SIBUILAMM — 3 BUIIAPOBYBAaH-
HAM BOJM y (hakesni moiyM’st il Ha po3KapeHHX OTOUYIOUMX TBEPIUX
MOBEPXHSX 1 3 OXOJIO/DKYBaHHAM TTOBEPXHEBOTO IIapy Maiardoi pi-
JUHU. BunapoByBaHHS BOAM B 30HI TOPIHHS M OXOJIOJKEHHS TOpIO-
40i pEYOBHHHU MPOTIKAIOTh OJHOYACHO, aJie POJIb iX 13 TOYKU 30pY
KIHLIEBOTO Pe3yjbTaTy HpOIlecy HEOJHAaKoBa. B neskux Bumaakax
3aracaHHsl MOJyM’sl BiAOyBaeThCsl BHACHIAOK IHTEHCHBHOTO IMapo-
YTBOPEHHS BOJU B 30HI TF'OPIHHS, NPH SKOMY PI3KO 3HHKYETHCS Te-
MIepaTypa ra3oBOro CepeJoBHIIA 1 J0AATKOBO 3MEHIIYEThCS KOH-
LEHTpaLlis KOMIOHEHTIB FOPIOYO0i CyMIlll 332 paXyHOK p030aBiIeHHS
ix mapoto. Tak, U1t raciHHS MOJYM Sl JIETKO3aMMHUCTHX PiJUH 3aCTO-
COBYIOTH PO3MUJIEHY BOJY 3 CEPEIHIM PO3MIPOM Kparielib He OlIbIe
3a 100-10° m, IIPU IbOMY B1J1I0YBa€ThCA iX MOBHE BUIIAPOBYBAHHS Y
(axeni morym’st 1 OXOJIOJKEHHS 30HH TOPIHHS 10 TEMIIEPaTypH TO-
racanHs. OfHaK, B sl BUIMAJKIB OXOJO/KEHHS TTOBEPXHI PiJIUHU,
sKa TOPUTh, MOX€E BUSBUTHCS BUPILIIATbHUM YHHHUKOM BOTHETac-
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HO1 1ii Bogu. OcTaHHE Ma€e MicIle Tij 9ac TaciHHA MOJIyM s PIIUH 3
BHCOKOIO TEMIIEPATypPOIO CIajiaXy, TAKUX sIK rac 1 Tu3elbHe MauBO.

Posrnsinemo mMexaHi3M Mpolecy raciHHs FOpPIOYoi PiAMHU Me-
TOJIOM OXOJIOJPKEHHS 11 MOBepXHEBOro mapy. Po3nonin remmnepary-
pH 32 TOBIIMHOIO TOPIOYOi PIAMHHM MPEACTAaBIEHO Ha puc. 2.6.

qKDHB
4
Urpom
Y hg Ny
S| [Ty T
__—1 B __

Puc. 2.6 — 3miHa TemMniepaTypu TOPIOYO0i PiIMHU B 3aJI€KHOCTI BijT
BIJICTaHI BiJ] TOBEpPXHi:

1 — roproua pinuHa; 2 — MOBEpXHEBUH Iap, IPOTPITUI BHIIE 32 Te-
MIIEpaTypy Chajaxy, TOBUIMHOK Opys 3 — CyMilll TOPHOYHMX ras3is,
SK1 YTBOPIOIOTHCSI B MpoLleCi BUNIApOBYBaHH:; 4 — (hakemn mosym’s;
5 — emtopa nosis TeMIepaTyp B piiMHI IPU CTAIOMY TOpIHHI;

X — Bi/ICTaHb BiJl IOBEPXHi TOprOY0i pigunu B riubuny; T, — mova-
TKOBa TEMIIEPaTypa PEUOBUHH; Oy — TOBIIMHA MIAPY PiIMHH, HPO-
rpitoro 10 kputHaHOi Temnepatypu Typ (He HIKUE 3a TeMmepaTy-
py cnanaxy Teq); Tyun — TEMIEpPaTypa MOBEPXHEBOTO IIAPY TOPIO-
401 pinHU (HAOIMKAETHCS 10 TEMIIEPATYPH KUTTIHHS).
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[TpuiinaTo BBaXkaTH, M0 NpOodiIb TeMIepaTyp y Hporpiromy
1apl onMUCyeThCsl piBHAHHAM MixenbcoHa [12]:

T (x) =Ty +(Tg —Ty)e X%, (2.27)

pin
ze Tpia(x) — TemrepaTypa piIuHHU Ha B1JICTaH1 X;

K — koedinienT, piBHUI BiJHOMEHHIO JIHIMHOI MIBUIKOCTI
BUTOPSIHHS TOPIOYOT PIAMHU V] 10 KoedilieHTa TeMIepaTyporpoBi-
JTHOCTI Ag¢.

JliHifiHy IIBUJKICTb BUTOPSIHHS PIIMHU MOXKHA MPEICTABUTU
K B1JTHOLIIEHHS MacOBOT IIBUAKOCTI BUTOPSHHS J10 T'YCTUHU PiJIUHM,

toxi koedirient K nopisHioe:

k — V]Tl
b
atp pin
ne Vn — MacoBa MBHIKICTb BUTOPSIHHS TOPIOUO PiTMHH, KI-M -

Ppin — TYCTHHA TOPOYO] PI/MHH, KOM™;

¢ — KoeQIlIEHT TEMIEPaTypONpPOBIIHOCTI TOPIOYOI PIJIMHHU,
M

HaniitHoro edekTy racinHs MOXHa JOCSTTH TUIBKU HICHS TO-
ro, sSIK TeMIlepaTypa MOBEPXHEBOTO IIapy CTaHEe MEHUIOK0, HIXK TeM-
neparypa crauaxy roprodoi piaAvHH.

KinbkicTh Tema, siIky He0OXiJJHO BiIBECTH BiJl IOBEPXHEBOTO
11apy ropro4oi ped4oBHHH, MPOMOPIIiiiHA Yacy raciHHs, OCKUIbKHU JI0
MOMEHTY MOBHOT'O MPHUIHUHEHHs FOPiHHA BiJ (akesa MoiayM’st BeCh
yac OyJe NocTynaTH IeBHA KIJIbKICTh HMPOMEHHUCTOI €Heprii, sika
00yMOBITIOE MTPOT'PiB 1 BUNIAPOBYBAHHS rOproydoi piguHu. OTxe Mpu-
MIMHEHHS! TOPIHHS peani3yeTbes, AKIIO BiJ OJUHUII MOBEPXHI To-
prodoi piiuHu Oye BiJIBEI€HO HACTYIHY KUIbKICTb TerJa:

Q«iz)(;.piz) 2 quOMz.zac + QzarL pin * (228)
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ne Qgias. pin — IUTOME BIJBE/CHHS TeIUIa BiJ| OAMHALY IUIOLLI
IIOBEPXHEBOTO MIAPY TOP0Hoi pimman, KJK-M
Qupom. — IHTEHCUBHICTH IPOMECHUCTOTO TEIUIOBOTO IOTOKY
Bij hakesa momym’st 10 MOBEpXHi roprowoi piguam, kx-M ¢
Traec. — Yac TaciHH4, C;

Q ;an pin — TMTOMA KUIBKICTb TEILIA, L0 3allaceHa B Iporpi-
TOMY HIapi TOproYoi PiJMHM HAa OAMHUII IUIOIII MOBEPXHI PiIUHH,
KI[)K-M'z.

KinpkicTh Temia, sika 3amaceHa B MPOTPITOMY Iapi TOPrOYOL
PIIVHM, 3aJIe)KUTh, HACAMIIEPE, BiJ BHIy TOPIOYOT PiTUHU 1 MOXKE
OyTH BHpa)KeHa HACTYITHOIO (OPMYJIOFO:

Sy
Qsan. pin = J p piaPpin (Tpm (x)- Ty )1" , (2.29)
0

ne  Opy — TOBIIMHA MPOTPITOrO IIApy IOPIOYOl PiMHH, KA 3ale-
KUTb BIJ] TETUIO(DI3MYHUX XapaKTEPUCTHK PIIMHY 1 4acy TOpIHHS, M;

Cp pix — IUTOMA TEIUIOEMHICTH FOPIOYOI PIUHH, kJx-kr K

Ppix — TYCTHHA TOPIOYOI PIAMHHY, KI'M ™,

Tpm(x) — (yHKIIA pO3MOALTY IO TEMIIEpaTyp 3a TOBIIH-
HOIO IPOTPITOTO LIApy TOproyoi piauHy, K;

Ty — TeMneparypa cnanaxy roprodoi piguau, K.

Bupas (2.29) 3 ypaxyBanusam (2.27) i ymoBH, 1o npu X = ()

Tpin(x) nopismroe T, a mpu X = Sy Tpin(X) = T, MoKHA 32-
MHUCaTH y BUJI:

Ppixpin v,
oo =——— | 1-exp —=9_, | (T, =T, )-
Q;anptz) Vm atppm ( ) (230)

- Cppi() ’ Iopiz[ ' SHHI(’I;)H - To)
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J171st IOKEXK pe3epByapiB i3 TOPIOYMMH PiTUHAMU, Y SKUX JIHIN-
Ha IIBUJIKICTb BUIOPSHHS JIOPIBHIOE IIBUJKOCTI MPOTrpiBY, TOBIIMHA
O 3 9ACOM He 3MIHIOEThCA 1 pubmu3Ho gopisHIoe 0,05 M. s pi-
JIH, y SIKMX JIiHIIHA [IBUIKICTh BUTOPSHHS MEHIIIE IIBHIKOCTI MPO-
TpiBy, Y TIPOIECi TOPiHHSA YTBOPIOETHCS TOMOTEPMIYHMH IIap, Mpu
IbOMY 33/1a4a PO3paxyHKy KUIBKOCTI TeIUla, Ky HOTpiOHO BifBECTH
BiJI TOPIOYOl PIMHY ISl IPUIIMHEHHS TOPIHHS, YCKJIAHIOETHCS THM,
1110 TOBLIMHA MPOTPITOro IMapy MpOoNopLiiHa 4acy BUIbHOIO PO3BUTKY
nokexi. TOBIMIMHA MPOTpITOro Imapy 3pocTae 31 MIBHAKICTIO, sKa
3aJIeKUTh BiJl IPUPOAM PLAMHM 1 BiJI YMOB, B SIKMX IPOTIKAE TOPIHHSA
(miametpa pe3epByapa, IIBUIKOCTI BITPY, BIJCTaHI MOBEPXHI piIuHA
Bl KPOMKH pe3epByapa i T.1.) [12]. 3611bIeHHS TOBIIMHU IPOrPITOro
mapy Opyy 13 YaCOM B MEPLIOMY HAOIMKEHHI MOKHA PO3PaxyBaTH 3a
bopmyoro:

ne Vipor — CEPEAHS WIBUKICTD IPOrPIBAHHS JAHOT PIIMHH;

T — 4ac, 110 BIUTIYYETHCA Bl TOYaTKy (OpMyBaHHS MPOrpi-

TOTO MAapy (3BUYANHO Yac 3 MOMEHTY 3amajeHHs JI0 MoYaTky ¢op-
MYBaHHS IIapy HE MEPEBUIILYE JIECSITH XBIIUH).

[IpuBenena ¢opmyna crnpaBeaiavBa TUIBKH AJs1 MOPIBHSHO

HEBEJIMKOTO Yacy TOPiHHS, IO HE MEPEBHIIYE OJHY TOAUHY. Y pasi

TPUBAJIOTO TOPIHHS 1 3HAYHOI BUCOTH pe3epByapa, 3allOBHEHOTO TO-

PIOYOIO PiIMHOK0, TOBUIMHA BEPXHBOIO FOMOTEPMIYHOTO IAPY Oy

nparae 10 rpaHUuYHOTO 3HAUYCHHA SKP 3FiIlH0 i3 3aKOHOM:
_ —_e N7
Suu = Oxep (1 e 7 )

ze SKp — MaKCUMaJIbHa (KPUTHUYHA) TOBIIMHA IIPOTPITOrO IIapy;

T — Koeili€HT, KUl 3aJI€KUTD BlJl BIACTUBOCTEH PIIUHU i
JiaMeTpa pe3epByapa;
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T — Yac, 110 BIUTIYYEThCA BiJl OYaTKy (hOopMyBaHHS MPOrpi-
TOTO HIApY.

Sxmo nmepenbaunTH, M0 BCE MPOMEHHUCTE TEIUIO, SKE MOCTY-
nae BiJ (akena moayM’s 1O MOBEPXHI ropryoi piAMHHU, BUTpaya-
€TBbCS HA 11 HarpiB BiJl OYATKOBOI TEMIIEpaTypu IO TEMIIEpaTypu
KUITIHHSA 1 Ha 1 BUNIAPOBYBAHHS, TO MUTOMY KUIBKICTh TEIUIA, SKY
HEOOXiTHO BiJIBECTH BiJl TIOBEPXHEBOT'O MPOTPITOTO MIAPY PiTUHH,
MO’KHa BHMPA3UTH Y€pe3 MACOBY ILIBUJKICTb BUTOPSHHSI TOPHOYO1
pimuHM Ta ii TeruoTy BunapoByBaHHs. Tomi Gopmymy (2.28) 3 ypa-
xyBaHHsM (2.30) Mo>kHa 3amucaTH SIK:

QBiz[B pio > Trach |_Cp pin (Tknn - To) + HBHI‘I pio J +

TR U 4 P (N P (T,-T,)-

TIx

Vm atppiﬂ

~¢ppin Ppix Onm(Ten—To). 2.31)

ne  Hgyp pig — TEIWIOTA TAPOYTBOPCHHS FOPOYOT PIAMHH, KKK

[Tpu HaHeceHHI BOAM Ha MOBEPXHIO Majaloyoi peYOBUHHM Tell-
JIO TIPOTPITOTO APy MOTIUHAETHCS BOJOKO 3a PAXYHOK MPOTIKaAHHS
E€HJOTEpMIUYHUX TPOIECiB HarpiBy i (pazoBoro mepexoay (BuUmapo-
ByBaHHs). [IuTOMa KibKIiCTh TEILIa, IO TOTJIMHAETHLCS MApPOM BOT-
HEracHOi peYOBHMHHU Ha OJMHMIN TUIOIII MTOBEPXHI, MOXKE OyTH pO3-
paxoBaHa 3a (hOpMYJIOIO:

/
Qnora=d1 492 =Cp, OpPy (Tmm_ TK)+ HBI/IIhaBpB ,(2.32)

ne (1 — MUTOMI BUTpPATH TEIJIa Ha HarpiBaHHs LIapy BOJH TO-

BIIMHOIO Og HA OJMHMIII IUIOII MOBEPXHI BiJ TeMIepaTypu ch hi ()

TeMIepaTypy KUIiHHS;
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(IZ — IIUTOMI BUTPATU TCIIJIa HA BUIIAPOBYBAHHS HiEI BOOU,

Op — TOBLIMHA IIapy BOJH, HAHECEHOTO HA IOBEPXHIO Ma-
JIAX04Y01 TOPHOYOI pEYOBUHH, M;

T yeun — TEMIIEPATypa KUIIIHHS BOJIH;

T, — Temneparypa, 3 sIKOIO KpaILIsi BOAH IOTPAILISIE HA 110~

BEPXHIO TOPIOYO1 PITUHM ITiCIIsl IPOXOKSHHS 30HU TOPiHHS;

-1
Hgypn g — muTOMa TEmIoTa mapoyTBOPEHHS BOAM, KJK-KI .

OpnHak BiIOMO, IO AESIKi TOPIOUl PiAMHU J00pe POYMHSIIOTH-
csi y BOAl, a 0araro roproYuXx piIUH BYIJIEBOJHEBOI MNPHPOIU
€ JIeTIIMMH, HiXK Boja. ToMy Kparuti BOJH, sSIKi IOTIalTd Ha TIOBEPX-
HIO TOPIOYOi P1IMHU, OYHYTh OIYCKATHUCS B i1 TOBIILY.

Po3rnsiHeMO MOBeNiHKY OJWHOYHOI Kparuii, sika PyXaeThCs B
roprouiil pigusi. Kpamai Bogu gye HIBUAKO BTpadaroTh CBOIO IO-
YaTKOBY IIBHJKICTH 1 MAJAOTh MOTIM 13 MOCTIHHOIO IIBHJKICTIO,
BEJIMYMHA SIKOI 3aJIeKUTh BiJ] B’SI3KOCTI Cepe/loBUIIA i pajiyca Kpa-
TUTI 1 BU3HAYAETHCS 31 CITiBBITHOIICHHS:

m, =P -Kvp,. (2.33)
T

ne Vg — WBUAKICTB, 3 KOO OCITA€ KPAIUIsl BOJIU 3 MAacOr0 My, y

TOBIL TOPIOYOI PiTUHH;

P — cuia, sixa pyxae kparuio, i BU3HAUA€THCS PI3HULIEIO MiK

Baroro Kparuii i apxiMeI0BOI0 CHiIor0 3a hopmyiioro (2.12);

Il — IOKa3HUK CTYIICHS;

K — xoedinient onopy.

SIKmo pyx Kparii B TOBIII TOPIOYOi PiIMHU BiIOYBa€THCS 3a
3akoHoM CTOKca, TO 3HaueHHs N = 1, a Koe]ilieHT omopy BUpaxa-
eThes popmynoro [13]:

K =3md, p,,, (2.34)
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e Hpix — JTUHAMIYHA B’ A3KICTh TOPIOYOT PiTUHU.

Pimenns nudepenuiiinoro piBHsAHHA (2.33) 3 ypaxyBaHHIM
(2.12) Ta (2.34) nae MOXITUBICT, BU3HAYUTH MIBUIKICTb, 13 SKOIO
ociJja€ Kparuisi BOJ y TOBIIII TOPIOYO] PiAMHU:

i1 Re
Voo = P70 (235 a)

depi)]
Yucno PeitHonbaca Re 3anexuTs Bin uucia Apximena Ar.
Tak, mpu maminapHOMY pexumi ociganss (Ar < 36, Re < 2).
Ar
Re=—-,
18
npu TypOyJieHTHOMY pexumi ocianus (Ar > 83000, Re > 500)

Re =1,74+/Ar ,

npu nepexigHomy pexxkumi ocizanns (36<Ar< 83000, 2<Re < 500)

Re=0,152Ar"715

3.2
gdK p . p — p .
ae Ar = 5 Py TR PR ucno Apximena (g — npu-
upill Ppin
CKOPEHHS BUILHOTO MAaJ{iHHS).
VY Bumanky namMiHapHOTO pyXy piBHSHHS (2.35 a) MOXXHa Tie-
perHcaTH sK:

Voo = Mdﬁ. (2.35 6)

18ppiy
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[IBuKICTH OCiaHHs, a, OTXKeE, 1 YaCc KOHTAKTY KpaIuli 3 TIOBEpX-
HEBUM HPOTPITUM IAPOM IOproYO0i piAvHU OYIyTh 3a1eXaTH BiJ po3-
Mipy Kparuti i BHIy caMoi piquHu. Tak, SKIIO MPUHHATH, 0 TYCTHHA
BO)XKUX Ha(TONPOIYKTIB (HadTa, AU3eNbHE NajJuBO, Ma3yT) y cepell-
HHOMY CTaHOBHTH 800850 KrM°, a JWHAMIYHA B’S3KICTH TIpH
50°C — (60 +8O)-104 [la-c, TO MBUAKICTH OCITAHHS Kpareib JiaMeT-
pom 100-10° M npuGmuseo nopismioe 1,2:107* mc, 500-10° m —
3-10° m-c ', a kpami aiamerpom 1000-10°° M ocinaroTs 3i LBHAKICTIO
0,01 m-c . Yac mpOXOmKEHHS Kparieib MOBEPXHEBOrO IIAPy TOBLIH-
Hoto 0,1 m cranoButrMe BiamnosiaHo 800 ¢, 30 ¢, 8 ¢. ¥V cBiTimx Had-
TONPOIYKTIB (O€H3MH, rac, OKTaH) T'yCTHHA CTaHOBUTH MPUOIM3ZHO
700+750 Kkr-m > , a IMHaMiuna B s3KicTs mpu 50°C — 8,5 107 ITa-c, mpu
I[OMY IIBUJIKICTh OCIIaHHS Kpamesb A1laMeTpoM 100-10° m npuoIN3-
Ho jiopiBrioe 1,6-107° m-c ™', 500-10°° M — 0,05 m-c ', a kparuni giamer-
poMm 1000-10°® m ocimarots 31 MBHAKICTIO 0,16 m-¢ | Yac MIPOXOJKCH-
HS KpaIluIsiM{d TOBEPXHEBOro miapy ToBimuHO0 0,1 M craHOBHTHME
BigmosigHo 60 ¢, 2 ¢, 0,6 c.

VY nepuunii MOMEHT Kparuis MOTpaIuisie B MPOrpiTHiA MoBepX-

HeBuit map i3 Temneparypor Tg. OckilbkK TemIeparypa moBepx-
HEBOI'O MIApy TOPIOYOi PiAMHU TEpEBUILY€E TEMIIEpaTypy Kparuii
BOJIM B MOMEHT TONaIaHHS ii Ha MOBEPXHIO PIMHU, TO TEMIIEPATY-
pa Kparu mij yac MpoCcyBaHHS B IITMOMHY TTOYMHAE IT1IBUIITYBATHUCS
W Jocsirae CBOEI MAaKCHUMaJIbHOI BEJIMYMHMU. 32 YMOBHU, L0 IIBU-
KICTh pyXy Kparuli BU3Ha4daeThes hopmysnoro (2.35 a), Temreparypa
Kparuti B Oyb-sKii Toulll 11 pylIeHHs Moke OyTH BU3HAUYCHA 3 CHe-
preTuyHoro GanaHcy:

dT
mycp d—T" = (ISK(Tpm (x)- T, ) (2.36 a)

a60, sxmo dT npeacraButu gk dX/Ve:
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ATy 0B (Tpizl (x)- TK) . (2.366)

dx chpK Voe

KoedimieHnT Teronepenadi o MiXk Kparviero 1 piIiHOIO BU3Ha-
yaeThes uepe3 yrcno Hyccenbra Ta XapakTepHHid po3Mip Kparuii:

s
o=Nu—>24 (2.37)
K

Jnis maMiHapHOTO peXuMy pyxy Kpamii uucino Hyccenmbra
PO3paxoBY€ETHCS 3T1THO KPUTEPIaIbHOI'O PIBHAHHS:

Nu =2+ 0,03Re*>* pr033, 0,35Re?™3 pr0-36

Hpinp ;
ne Pr=— P4 kputepiil Ilpannrnd, mo xapaxkrepu-
;‘pill
3y€ TeI1o(i3u4Hi BIACTUBOCTI TOPIOYOI PiTUHH.

Bupimenns piBHsHHS (2.36 6) 3 ypaxyBaHHSM 3MiHHM TeMIle-
paTypu roprouoi piguHu 3rigHO (2.27) nae MOXKIMBICTh BUSHAYUTH
TeMIIepaTypy Kparuli BoJau Ha Oyb-sKiil BIACTaH1 BiJ MOBEPXHI Pi-
JITHH:

T (x)=T.e PX+T, [1 = e_BX]+ B—Lk (T,-T, )[e‘kX = e_BX],
(2.38)

e X — IOJOKEHHS KpaIuli B 3aaHUi MOMEHT 4acy;
T (X) — Temneparypa kparti Ha BigcTani X;

/ . -
T — Temmeparypa Kparuii Bojd B MOMEHT TIONAJIaHHs il Ha
MOBEPXHIO TOPIOUOi PiANHHY;
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K — xoediwient, 1m0 xapakrepusye nporec BUrOpsiHHsI i Iporpi-
BY TOpIOYOI PIMHM, TOPIBHIOE BITHOIICHHIO JITHIAHOI IIIBUIKOCTI BH-

TOPSIHHS TOPIOYO] PIAMHU V] 10 KoeillleHTa TeMIIepaTypoITpoBiTHOC-
T1 ¢
B — xoedimient, uo nopiBHIOE:

aSK _ 6A pm Nu

5 :
MyCp, Voe pKchpK Voc

B

SIkmo B mporieci BUTOPSHHS PiAMHU Ha il MOBEPXHI BCTUT
YTBOPUTHUCS MPOIPITUM 1Map, TO MICJIA CHPOLICHHS pPIBHSIHHSA
(2.36 a) ta interpysanHs piBHsHHA (2.36 6) B Mexax Big X =0,

Tk = T{( 10 X = 8mm, Tk = Tmax moxna oTpumaTy Bupasu juis

MIBUJIKOCTI 3MiHM TEMITEpaTypyd Ta MaKCHMAJIbHOI TEMIIEpaTypH, IO
SKOi Kparulsi BCTUTHE HArpiTHCS MpU MPOXOPKEHHI 4epe3 MpOrpiThii

1LIap TOPIOYOi PiMHK TOBLIMHOK OIII 3 TeMIIEpaTyporo T's:

dT
d_‘:c = B(Ts Ty )

Toax = Ty — (Ts -1, )exp(— BSym).  (2.39)

MakcumanbHa TemrepaTypa, 10 SIKOi HarpiBaeThCsl KparJisi BO-
¥, 3aJISKUTH BiJl pO3MIpY Kparuli, TOBIMHY 1 TEMITEpaTypH MPOrpiTo-
ro uiapy, Termiopi3nyHUX XapaKTepUCTUK roproyoi piauHu. Yum OGi-

JBIIKA PO3MIp Kparwi Ta MeHia Temmeparypa 1, THM HOBLIbHIIIE
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BOHA NPOIPIiBAa€ETHCS MPH MPOXO/DKEHHI Yepe3 MOBEpXHEBUI 1ap pi-
JIVHY, 1 THM MEHIIIA 1l MaKCHMaJTbHA TEMITEpaTypa.

SIKI110 TOPUTH BUCOKOKMILISYA PIAMHA, TO 3 YACOM BUTOPSTHHS
TeMIIepaTypa roMOTepMiYHOro miapy crade nepesunrysatu 100°C.
Kparm;l BOJ, fKa MPOCYBAECTHCA Hepes nporpimﬁ 11ap roprouoi
pianMHU, 32 paXyHOK TETUIONPOBITHOCTI MPOTPIETHCS 10 TEMIIEpaTy-
M KMITIHHS, 1 32 YMOBHU HOJAJIBIIOTO MiJIBOY TEIUIa, IOYHE BUIA-
POBYBaTHCH.

KinbkicTh Temia, SKy OTpUMY€E pyXxoMa Kparuid 3a OJUHULIO
yacy, Oyne mponopiiiiHa i moBepxHi, Koe(ilieHTy TerIo00MiHy i
PI3HHII TEMIIepaTyp MK Kparuielo 1 CEpeJOBHINEM, B SKOMY BOHA
pyxaetncs. [IpumycTumo, mo Kpamisi pyXaeTbesi B MOBEPXHEBOMY
mapi TOpPOYoi PIAMHM, TEMIIEpaTypa SKOTro HE 3MIHIOEThCS M JOpiB-

uioe Tg; kpim Toro y nporieci HarpiBaHHs Kparisi HE BUIAPOBYETh-
Csl @K 70 AOCSTHEHHS TeMIiepaTypu KumiHHA. [Ipu 1iboMy piBHSHHS
CHEepPreTUYHOro OaJIaHCy MOXKHA 3alUCATH SK:

1
ond2 (TS - T/ )’CH = gndipkcpx (Tmm - T/ ) (2.40)
e Tyyn — TEMIEpaTypa KUMiHHS BOJK;

/
Ty — temmeparypa, 3 KO Kparuis BOAH MOTpPAILISE HA IO-

BEPXHIO TOPIOYO1 PIAMHM ITiCIIS TIPOXOKEHHS 30HU TOPIHHS.
Toni yac HarpiBy Kparul 0 TeMIEpaTypd KUIIHHS MOXHa
BU3HAYNTH 3 piBHAHHA (2.40) 3 ypaxyBaHHsM (2.37) sK:

B PxCp (Tmm Ty )
" Nk, - TL)

az. (2.41)

Bincranp, sKy mpoie Kparis B IpoIieci HarpiBy A0 MOYaTKy
i1 BUNIapoByBaHHS, 3 ypaxyBaHHsM (2.35 a) ta (2.41) craHoBUTHME:
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/
. Re PgC€ (T -T )

Ly, = voor, = 1 PIATC THTRy Utoun ;( de. (242a)
Ppix 6Nuhyy (T, —T,)

VY BUNAJKy JaMiHapHOIO pyXy IICHIs CHPOILEHHS OTPUMY€EMO:

(p — Ppin (KHH T/)

upm?”pu] (T T/

L, =190 (2.42 6)

SIKmo TemriepaTypa TOBEPXHEBOTO IIApy TOPIOYOi PIAMHH Tie-
pesuntye 100°C, To Kparuisi BOIM THCIIs JOCSATHEHHS TEMIIEPATYPU K-
MHHS TIOYHE BUIIAPOBYBATUCS 1 3MEHIITYBaTHCS B po3Mipi. Hac oBHO-
r'0 BUIIAPOBYBAHHS Kparuli MO’KHA BU3HAUYUTH 31 CIIBBIHOLICHS:

aS (T — Tyun )d‘r SPrcHpundri. (2.43 a)

dT —_ pKHBI/lH (2'43 6)
dr, «oT,-T

KHII )

IHTerpyemMo orpumane piBHSIHHS:

T r
BUII K
PxHpun

" ar= |

0 0 a(Ts - TKI/II[

Pimennst 1iporo piBHSHHS 3 ypaxyBaHHsAM (2.37) Ta mpu cTa-
nomy uucii Hyccenbra qae yac moBHOTO BUMAPOBYBAHHS KPAILi:

)drK .

P Hpun r 2
-
Nu pin (T — Tieun )

(2.44)

Tgun =

Toni BijgcTaHb, Ha KM Kparwis TOBHICTIO BUTIAPYETHCS, MOXK-
Ha BU3HAYUTHU AK:
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Tpun 0 dt
Lgyn = J.Voc dt = J. Voc (d—jdrK =
0 'k ,  (245a)
_ Hpin PxHpun l}( Re
Ppin ;"pin (Ts _TKHH) 0 Nu

dr,,

110 y BUMAJKY JJAaMiHApHOTO PyXy (TOOTO 3a MajluX 3HAYEHHIX KPH-
tepito Re) 3 ypaxyBanHsIM uncia Apximena Jae:

3
L _ Mpin PreHeun rj‘ ZPpin (Pk - ppi[[)dK

= dr =
s Ppin ;Vpigl(Ts _TKI/III) 0 36 ”[2)121 “

4

_ 8 (P - Ppin) PrcHpun di

288 Ppin ;Vpiz[(Ts - Tmm)

[Ticns cporeHHsT OTPUMYEMO:
—_— . H
Loy, =34 i Ppin) Hy di. (450

llpiu)‘piz[ (Ts - Tmm)

B pobGoti [14] HaBemeHO pe3ylbTaTH PO3PAXYHKIB Hacy Ta
BIJICTaHI, Ha sKiH BiAOYJEThCS TIOBHE BUIAPOBYBAaHHS Kparlji BOJIH,
B 3QJIEKHOCTI BiJl BUAY TOPIOYOi PiIMHU Ta MOYATKOBOTO JiaMeTpy
KparieJb.

Tabmums 2.3 — Yac mMOBHOTO BUITAPOBYBAHHS Ta JOBXKHHA IIIAXY

KparJii BOAM B HArPiTiii roprodvii piguHi (oyaTko-
Ba TeMreparypa kpamii cranosuth 40°C).
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d. 10" m \ Tu, € \ Ly, 107 M \ Tipun> € \me, 10° M\ Taar, € \ Lyar, 107 m

ben3un

100 0,03 0,23 1,91 7,51 1,94 7,74

200 0,09 1,55 5,59 53,97 5,68 55,51

TpanchopmaTopHe Maciio

100 0,01 0,02 0,11 0,10 0,12 0,11
200 0,02 0,12 0,38 1,14 0,40 1,26
400 0,06 1,01 1,07 9,71 1,13 10,72

[Tapa, 1m0 yTBOPIOETHCS BHACIHIJOK BHIIAPOBYBAHHS Kparuli
BOJIM, CIIHIOE TOPIOYY DiIUHY. BUHUKHEHHS CKUIaHHS MOXKIHBO
NpY BUKOHAHH]1 HACTYTTHUX YMOB:

—TeMmIeparypa MOBEPXHEBOro miapy roprodoi pimguau T Oi-
JbIIa 32 TEMIepaTypy KAMiHHS BOH;

—TyCTHHA TOPIOYOi PiTUHA MEHIIIA, HIX TYCTHHA BOJIM;

—Toproya piiuHa HE PO3YUHSIETHCS Y BOI;

—TOBIIMHA OPOrPITOr0 FOMOTEPMIUYHOIO APy Oy OLIbIIA,
HDK BIJICTaHb, Ha SIKIM Kparuisi BCTUTHE TPOTPITHCS 1 BUITApyBaTUCS
(LH + LBpm)-

[Tepmri Tpu yMOBH 3aJieaTh TUIBKU Bij TEIUIO(I3UYHUX Xa-
PaKTEPUCTUK TOPIOYOT PIAMHM, B TOW Yac sIK OCTaHHS YMOBA J10]1aT-

KOBO BM3HAYA€ThCS YACOM PO3BUTKY TOPiHHS (BIUIMBAE HA Opy,) Ta

po3mipamu kparuti (BrrBae Ha 3HadeHHs (Ly + Lgyy)).

SIkio AiaMeTp Kparenb BOJAM BIAHOCHO BEIMKHIM 1 4ac crao-
ro TOPIHHS PIAVWHM HE3HAYHHI, TO TOBIIWHA MPOTPITOTO MIapy TO-
prOYoi pIIMHM MEHIIA, HIXK BI/ICTaHb, HA SKIH Kparuis MpOrpieTbes
JI0 TeMIlepaTypy KHUITIHHS a0o TMOBHICTIO BHMApyeTbes. KiHIeBUit
PO3MIp Kparuii Hiciis MPOXOJKEHHs MPOrpiTOro mapy roprodoi pi-
IVHHA (32 YMOBH, III0 TEMIIEpaTypa IIbOro MporpiToro mapy Oinblia,
HDK TeMIlepaTypa KUIiHHS BOJM) MO>KHA BU3HAYUTU 3 €HEPreTHd-

Horo Gamancy (2.43a), sxmo dT mpencraButn sk dX/vye. Toxi
OTPMMAEMO HACTYIIHE CIIiBBiIHOIEHHS:
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H A%
(Ts — Tyeun )dX = _pklgaﬂdrk-

Bupimenss boro piBHSAHHS y BUIIAJKY JIAMIHAPHOTO PYXY, 3
ypaxyBaaHsM (2.35 0), (2.37) Ta uucna Apximena, nae:

9N“}”pill”pill
HBI/II[ng(pK ~ Ppin

Iy =4 (rnﬁ )4 - )(Ts — Txun )al'llll /(2.46)

ne Iy — KIHIEBHUH pO3MIp KpaIrul BOAM I NPOXO/UKEHHS Ipo-
IpITOro HIapy rOproyoi piivHY;

/ . .
I'e — pazlyc, 3 SKUM KpaIulsd IOTPAIUIS€ HA IIOBEPXHIO PIAMHU

MICIIsI TIPOXOJPKCHHS 30HHM TOPIHHS 1 BH3HAYAETHCS (DOPMYIIO0
(2.24).

OnianMo KoedilieHT BUKOPUCTAaHHS BOJU MIPHU BUITAPOBYBaH-
Hi 11 B TOBILI TOPIOYOi PIAMHU TaK camo, SIK IPU OXOJIOJKEHHI ra30-
BOi (haszu. Burpary Bomu, siky Oysi0 1mojaHo Ha TaciHHS Mg, MOXKHA
MPEJCTaBUTH y BUJII CYyMH Macu BOAM My, siKa BUIIAPOBYETHCS 32
OJIMHHMIIIO Yacy B ra3oBiil ¢asi, Macu BOAW My, sika BUMAPOBYETHCS
3a OJIMHUIIIO Yacy B MPOrpiTOMY IIapi rOprovoi piIuHH, 1 Macu BOIU
M3, sIKa HE BUNIAPOBYETHCA, A, OTXKE, MPUIMEMO, 110 He Oepe ydacTi
B IIpoI1ieci 6€3MoCcepeTHbOI0 0XOJI0KEHHS PEYOBHHHU:

m, = my +tmp +ms.
Bupaszumo koe(ilieHT BUKOPUCTAHHS BOAM HAa KOKHOMY €Ta-
mi K YacTKy, sSKa BCTHUIJIa BHIIAPYBATHUCS, Bl 3araJibHOi BUTPATH

BO/JIY, ITOaHOI Ha racinas. Tomi:

I'=Kgpuk(r) + Kpux ) + Kerp
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m ..
ne kBmc(F) =—1 Koe(Illi€eHT BUKOPHCTAHHS BOJAW B ra-
)
30BiH Qa3i;
m» ..
kBI/IK(HH.I) =m— — Koe(illieHT BHKOPUCTAHHS BOAM B
o

MMOBEPXHEBOMY IIapi TOPOYOI PIUHU;
k =—3 _ KoeQillieHT BTpat
BTP I par.
0
[purycTmo, 1110 TyCTHHA BOJM 3IMILAETHCS HE3MIHHOIO, TOI
Macy BOJIM MO)KHA BHPA3UTH Yepe3 BiIIOBIIHI CEpeHi pajiycH Kpa-
nenb. Toxl, 3 ypaxyBaHHsM (2.25 a), koedillieHT BUKOPUCTAHHS BOJH B
TIOBEPXHEBOMY II1api TOPIOYOI PITMHA MOYKHA BUPA3HUTH SIK:

) S

anK(HH_I) = l_kBHK(F) _kBTp = ( 0)3 ( 0)3 )
I I

0 o .
IS I‘K — IMOYaTKOBUH PO3MIp KpaliCsib BOAU, SAKaA MOAAETHCA Ha

TaciHHS;

/ . . . R
Iy, — KiHLEBUI po3Mip Kpamesb micis iX IPOXOJKEHHs Yyepes
30HY HarpiTUX MPOYKTIB TOPIHHS;

Iy — KIHIEBUI PO3MIp Kpareib Mmicis iX IPOXOKEHHS Yepes
MPOTPITHIA TIAp TOPIOYOT PiTHHH.

[lincTaBUBIIM 3HAYEHHS l’l/c 3 piBHAHHA (2.24) Ta Ty 3 piB-
HsHHA (2.46), oTpuMaeMo:
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(ro)z _ 27‘~r (Ty = Tg)
K moJI

H gyn P

K gy = -
o)

4(1‘,/()4 _ INU A i I pin
HBmlng(pK =~ Ppin

o)

3HauCHHS kBI/IK(HHI) 3HAYHOIO MIPOIO 3aJIC)KUTH Bl TCM-

)(Ts - Tmm )Smu

(2.47)

nepaTypyd W TOBIIMHHU TPOrPITOTO MOBEPXHEBOIO IIapy TOPIOYOi
pimuau. Tak, KO0 MPUAHATH, OO TeMIIepaTypa MporpiToro mapy
110°C, To HaBiTh npu TOBIIKHI 1boro mapy 0,1 M i mo4aTKOBOMY
pamiyci xpammi 200-10° M koedilieHT BUKOPHCTAHHS HE TIEPCBH-
mye 0,08. SIkmo temneparypa mnporpitoro mapy 200°C, mouarko-
BUil pamiyc xpart 200-10° m, to kBI/IK(HHI) nopisaioe 0,21;

0,42; 0,71 mpu ToBmuKHI ToMoTepmiuHoro mapy 0,01 m, 0,02 m 1
0,03 M BiZIIOBITHO.

3a Mipoo 3aHypeHHs IO HarpiTi Kparuii BOJM BIAJAIOTh TEM-
710 OLTBII XOJIOJHAM HIDKHIM mapaM piguau. [Ipu npoMy BinOyBaeTh-
Csl TIEpPEHEeCEHHs TeIUIa BiJl MPOTPITOro BEPXHBOTO APy A0 HUKHIX
XooHuX 1mapiB. [lepeHeceHHs Teria BIIMO CIPHYUHSE TOHMKCHHS
TEMIIEpaTypH MOBEPXHI TOPIOYOi PEUYOBUHH, BHACIIAOK YOr0 3MEHIITY-
€THCS IIBUJIKICTH BUTIAPOBYBAHHS. 3HIKCHHS TEMIIEPAaTypH TTOBEPXHI
BiI0YBa€ThCS HE TUTBKU BHACIIOK TIEPEHECEHHS TEIIa KPaTUIsiMHU, aJie
i yHacHiOK KOHBEKI[IHHOTO TEpEeMIllyBaHHS BEpPXHBOTO IIapy
NaJvBa 3 HIKHIMHE T1apamu. Lle mepeminryBaHHS CIpUYHHSIETHCS TIPO-
XOJDKEHHSAM 4Yepe3 PIAMHY BENHKOI KUIBKOCTI Kpareib BOAW. SIKIIo
IHTEHCHBHICTh IT0/Ia4l PO3MUJICHOT BOJU JIOCUThH BEJIMKA, TO TEMIIepa-
Typa IMOBEPXHEBOT'0 IIapy TOPIOYOl PiTUHA MOXKE CTAaTH MEHIIIOK, HIXK
TeMITepaTypa Cranaxy, i HoJyM’si 3aTyXHe.
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OTxe, raciHHA HOJIYM’sl LIUIIXOM OXOJIOKYyBaHHS HMOBEPXHI
NaJIAl0v0i PITUHA MOXKe OYTH JTOCATHYTE JIMIIE 32 YMOBH, IO TEM-
nepaTtypa Kpareiab BOJAH, Kl MONaJatoTh y NPOTPITUH 1Iap piuHH,
Oyze 3HaYHO HIDKYOIO 33 TeMIepaTypy cnanaxy miei pinuau. Edexr
OXOJIO/PKYBaHHS THM BHINE, YUM BUILE TeMIepaTypa KUIIIHHs To-
prodoi pimuau. KpiM TOro, oxXoJoKyroda JIisi BOJM TIOB’s3aHa TIEB-
HUM YHMHOM 13 pO3MipaMHM Kparelsb, OCKUIbKM HarpiBaHHS iX Yy ra3o-
Bili (pa3i, a oTxke, iX Temmeparypa B MOMEHT 3aHYPEHHS B PiIUHY
3ajie’KaTh BiJ MOYAaTKOBOTO JllaMeTpy Kparenb. Benuki kpamii mpo-
XOJATh yepe3 (aken mosym’s 0e3 iCTOTHOTO MiJBUILEHHS TeMIlepa-
TypH 1 TOMY BHUSBISIOTHCS HAHOUIBII €()EKTUBHUMH 3 TOUKH 30PYy
OXOJIOJIKYIOUOI JIii camMe MOBEPXHEBOTO mapy. Ko 11 Kparii J10-
CUTH BEJHKI, TaCiHHS OJIyM s Oyze BiAOyBaTHUCs TUIBKH BHACTIIOK
OXOJIO/DKYBaHHS PIJMHU; POJIb MApPOTBOPEHHS B 30HI TOPIHHS NPHU
1poMy Oyze 3BeseHa 10 MiHiMyMy. Tak, y po0oTi [15] ekcniepume-
HTaJILHO OyJI0 BCTAHOBJICHO, 1[0 TEMIIEPATypa MOBEPXHEBOTO APy
rOpIOYMX PIAMH y MPOLIEC TOPIHHS 3BHYAWHO JIOCSTAa€ 3HAYCHHS,
sKe TepEBUIIye TemiepaTypy cnaiaxy Ha 70-80°C, a cepeaHs TeM-
repaTypa, 10 SKOi Kparur Boxu posmipamu 6itst 500-10° M Bermr-
HYTbh HarpiTUCs IPU MPOXO/PKEHHI Yepe3 30HYy PO3KapeHUX MpoJy-
KTiB TOpiHHS, cTaHOBHUTH 40—45°C.

TakuM 4MHOM, raciHHS MOJYM’Sl TOPIOYUX PIAMH 3 BHUCOKOIO
TEMIEpaTypol0 CrHajaxy JIETKO 3AIMCHIOETBCS 3a JIOTIOMOTOIO
PO3NUIICHOT BOJM 3 BEJIMKUM JlilaMeTpoM Kpaneisb. Lle monoxxeHnHs
HiATBEPIKYETHCSI BOTHEBUMH JIOCIIAAMU ¥ TIPAKTUKOIO MOKEKOTa-
ciHHs. BimoMo, 1110 ropiHHs Ma3yTy JIErKO HMOJABISETbCS PO3INUIIE-
HOIO BOJIOIO 3 HU3BKUM CTYIICHEM TUCIIEPCHOCTI.

IIpu BBeOEHHI MOJIJUCIEPCHOTO PO3MUIEHOTO CTPYMEHS B
OCepe/IOK TOPiHHS JesKa KUJIbKICTh Kpareinb HEMUHY4Ye BUIIApOBY-
€TbCS, IPUUOMY Maca BOJAM, III0 BUMIAPOBYETHCSI, BU3HAYAETHCS Yac-
TKOIO APiOHUX Kpamesb. Y 3B’SI3Ky 3 I[UM ITapOyTBOPEHHS 3aBXKIU
Ma€ Miclie HaBiTh NPU TaCiHHI NOJIyM sl pIAMH 13 BUCOKOIO TEMIIEpa-
TYpOIO Clajaxy, a MpH TaciHHI MOJXyM’sl JIETKO3aWMHUCTHX DiJIUH,
30KpeMa O€H3MHY, BUIIApPOBYBaHHS BOAM y (hakedl moiayM’st 1 Ha
TBEPJIUX MOBEPXHSIX Ma€ BUPIIIAIbHE 3HAYCHHSI.
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EdexTuBHICTE BOJAM K BOTHEracHOrO 3aco0y 3aJIe)KUTh HE
TUIBKH BiJ MIpH AMCIEPCHOCTI, ajie i BiJi YMOB TOPiHHS PiJUHH.
Haii6inpi 1erkuMu BiIHOCHO MPOILIECY TaCiHHA MOJIYM sl € BUMIAJAKH
TOPIHHA B 3aKPUTHX MPHUMIMIEHHIX Majoro 06’emMy abo ropiHHS pi-
JVHM, PO3JIUTOI Ha MOBEPXHI 1 BOpaHOi MOPUCTUM MaTepiaioM —
MICKOM, IIUIAKOM, TPYHTOM 1 T.1. HailOiabll CKIagHUMU € TOXKEeKi
najuBa B pe3epByapax, sIMax, KaHaBaxX, TOOTO B THX BHIIaJKaX, KO-
JIM TOPIHHS MPOTIKa€e MPH HEOOMEKEHOMY JTOCTYIII MOBITPS, a TOB-
IIMHA [Iapy FOPOYO0i peYOBUHM BeluKa. TpyIHOII, 1110 BUHUKAIOTh
IpY TaciHHI MOJyM’sl B LIUX YMOBaXx, MOB’s3aHi 3 THM, L0 BOJSHA
mapa, sSika YTBOPIOETbCS HaJl TIOBEPXHEI0 MaJIalovoi piIuHU, Oe3re-
PEPBHO PO3CIIOETHCS B HABKOJIMITHHOMY MTPOCTOPI.

Jns anamizy epeKTUBHOCTI MPOIECY TaCiHHS MOJyM’ sl TOpIO-
YUX PIAUH PO3MUICHOI0 BOJOK MPOBOJMIIUCS MOJITOHHI JTOCIIIN
[16]. YV mepii >k ceKyHIU Micli BBEJACHHS PO3MIIEHOT BOJIU B pe3e-
PByap, 110 TOPHUTH, CIIOCTEPITAETHCS CKUITAHHS TOPIOYOi PiAUHU, 110
CYIIPOBOKYETBCSl YTBOPEHHSIM CIIHEHOTO IIapy i, B IESKUX BHIIa-
JIKax, IepeIMBOM depe3 0opT pe3epByapa. [Ipu 301bIIeHH] TOBIIH-
HH TPOTPITOTO [Iapy TOPIOYOi PiJMHHU MOTYKHICTh CKUIIAHHS 3pOC-
Ta€e, TOOTO 30UNBIIYETHCS TOBIIMHA IIApy, IO MIHUTHCA, 1 TPUBA-
JICTh TpoLeCy CHiHIOBaHHA. [Iporiec CKUIaHHS MOSICHIOETBCS THM,
1m0 Kpamt Boau po3mipamu Bix 100-10°° M 10 500-10°° M ne BeTH-
rafoTh MOBHICTIO BUMApyBaTuCs y (akeni moiayM’s i momnagamTh y
NPOrpITHHA 1Iap rOprYoi PiIMHY, JIe CTA0Th LIEHTPaMU MapOyTBO-
peHHA. Y pe3ynbTari BiIOyBa€eThcs OypXJIMBE KHITIHHS 1O BCill TO-
BUIMHI Iporpitoro Hagronpoaykry. ToBlMHA mIapy MiHU NPUOIH-
3HO JOPIBHIOE TOABOEHIN TOBIIMHI Mporpitoro mapy. Tomy s
TOro, 00 YHUKHYTH MEpeIUBaHHs yepe3 OOpT pe3epByapa mnajaro-
9Oi PiIMHY ITiJT Yac TaCiHHS IMOXKEXKI PO3MUIICHOI BOJIOI0, HEOOXI/I-
HO, 100 BUCOTa BUIBHOI CTIHKH pe3epByapa Oulblle HIK y ABa pasu
MepEeBUIIyBala MAKCUMAIIbHO MOKJIBY TOBIIUHY MPOTPITOTO IIapy
rOprOY01 piAMHU.

[Ticnst BBeIeHHSI pO3MMIICHOI BOAX y (hakes MOJTyM sl CIocTepi-
raeTbes BIAPHB MOIYM’s, IO CYMPOBOKY€TbCA XJOHKoM. [loTim
MIEPIOJIMIHO TTOBTOPIOIOTHCS CIIAJIaXy 3 MOCTYIOBO YOYTHOKO CHIIOKO,
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JIOKU He OyJie 0XO0JI0/KEeHUI noBepxHeBuii map. Lle sBuiie noscHro-
€THCSI TUM, IO TICIsI BBEJACHHS PO3MMICHOI BOJIU Y (haKel MOIyM s
BiI0yBaeThCsl OypXJMBe MapOyTBOPEHHs. Benmuka KUTbKICTh BOJSHOT
napy, 10 YTBOPHJIACS, BIPUBAE TMOIYM sl 1 3HIKYE KOHIIEHTPALIIIO
napu roprouoi pinuHu. Hactynae racinasg noiaym’s. ['azoBe ceperno-
BUILE IIBUAKO OXOJOKYETHCS, BHACTIJOK YOTO BEJIWKA YaCTHHA
Kpariesib BOJH, SIKi IPOAOBXKYIOTh OCTYIATH 3 PO3NUIIIOBAaYa, BXKE HE
MOX€ BHUITAPyBATUCS, KOHICHTPAIlSl Tapy BOJIU MOCTYIOBO 3HIIKY-
€TbCS, @ KOHLEHTpALlIsl Mapy FOPIoYoi PiMHU 301UIbIIy€eThes. Buly-
XOHeOe3MeyHa KOHIIEHTpAIlis TOPIoUoi Mapy 3HOBY BiTHOBIIOETHCS U
3aIajIlOeThCS T/ BILTMBOM PO3KapeHOI CTIHKH pe3epByapa — BiiOy-
BaeThCs criasiax. [lomym’st 3HOBY CIipUYMHSE IHTEHCHBHE BUIIAPOBY-
BaHHS Kpaneib BOJIH, i MPOLEC TOBTOPIOETHCS, TOKU BECh MPOTPITHI
I1ap TOPIOYOI PiAUHU HE OyJIe OXOIOKESHUI.

HeoOxiaHo BIAMITUTH ABOSKY POJb PO3ITPITUX CTIHOK pe3ep-
Byapa: 3 OJJHOr0 00Ky, BOHH CHPUSIOTH OUIbII IHTEHCUBHOMY TIPO-
IPIBaHHIO BIUIMO TOPIOYOi PIAMHHU Ta BUCTYMAIOTH JHKEPEJIOM IO-
BTOPHOTO 3alajeHHS TOPIOYMX Ta3iB; 3 IHIIONO0 — HAarpita CTiHKa
Oyne cnpusith OypXJIMBOMY IapOyTBOPEHHIO BOJAW a CTBOPEHHIO
CIPUATIUBUX YMOB Juid TaciHus. Jlocmian nokaszanu, mo edekr ra-
CIHHSI PO3MUJIEHOIO BOJIOIO0 HACTYMAB MPHU JESKiI MiHIMANbHINA JUIs

JIaHOTO JliaMeTpa pe3epByapa BUCOTI BinbHOro 6opra h. Ipu Bucori
oopra Mmenine hy,i, raciHHsS PO3MUIICHOIO BOJOK HE JOCSTAOCH.

IIpu h > hp,in edexr racinus po3nuieHo0 BOIOK 3pocTaB i3 30i-

apmennsM h. Minimansna Bucora BinbHOro 60pTy, 3a siKOi Oyz;e
3a0e3medyeHe BIEBHEHE TACIHHS PO3IMUJICHOK BOJOK, MOXE OyTH
BHUpakeHa HAOIMKEHOI0 (DOPMYIIOIO:

hppig =0,15-D,

ne D — niamerp pesepsyapa.

TI'acinna meepoux zoprouux mamepiais.

Haii0inb1 e()eKTUBHO raciHHA MOKEX BOJOI0 CIIOCOOOM 0XO-
JIOJIKCHHSI TIOBEPXHI PEUYOBUHHU, IO TOPUTH, 3TIHCHIOETHCS TIi/T Yac
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TOpiHHA TBEpAUX roprounx marepiaiiB. [Ipu oxosomkeHHI nanaro-
YUX PEYOBHH BOJIOIO JIesKa ii KiJIbKICTh BUIIAPOBYETHCS 1 MEpPexo-
JUTh B Napy, 3aBISIKU YOMY I1JABHILY€ThCS MBUAKICTb raciHus. [1o-
BEpXHS MaTepiaiy, 10 TOpUTh, TPHU TMOMAJaHHI BOIAM YaCTKOBO
3MOUY€EThCS. Y JNESKUX BUIMAIKaX BOJA MPOHUKAE B IIIMOUHY 3a pa-
XYHOK MEXaHIYHOI Jii CTpyMEeHiB.

[ToTpiOHO 3a3HAUMTH, IO y Pa3l HASIBHOCTI I'€T€POTrE€HHOIO
TOpiHHSA (TJIIHHSA, TOPIHHS KOKCY, I€PEBHOTO BYTIJUISA, CaXi) Jis BO-
JSTHOTO CTPYMEHSI IPUBOJAUTH 1O OXOJIO/PKEHHS 0€3M0cepeIHbO 30-
HU FOpiHHS TBEPAUX PEUOBHH.

PosrisHeMo OiabIn JOKIAAHO TPOIEC TAaCiHHS TBEPIAUX TO-
prounx marepianiB (TT'M) mMeTogoM 0XOJOKEHHS TTOBEPXHEBOTO
mapy Ha IPUKIaal TOPiHHS AepeBUHU. Jlo MOMEHTY Mo4YaTKy raciH-
HS JIEPEBHHA, 1110 TOPUTH, MIPOTPIBAETHCS HA JESIKYy TTUOUHY 1 Ha ii
HOBEPXHI YTBOPIOETHCS IIAp BYTJICIIEBOTO 3AIMIIKY, TOBIIMHA SIKO-
ro 3aJIeKUTh BiJl yacy ropiHss. [li] BUCOKOMOPUCTUM ILIAPOM BY-
T'JUIA, 0 YTBOPHUBCS BHACIIIOK BUTOPSIHHS JICTIOUMX KOMIIOHEHTIB,
3HAXOJIUTHCS IIap JIEPEBUHH, B SIKOMY BiJI0YBa€ThCS MPOILEC MipPOJTi-
3y 3a paXxyHOK ITOTOKY TeIlIa BiJl TOBEPXHEBOTO IIapy, TOOTO MaTe-
pian iHTEHCHUBHO PO3KIANAEThCSA 3 BHIUICHHIM BEIUKOI KUTBKOCTI
TOPIOYHX ra3iB, SKi MPOXOAATH Yepe3 MOPUCTUI BYTJICLEBHUHA Imap i
YTBOPIOIOTh KOHIIEHTPAIIII0, JOCTaTHIO ISl MIATPUMKH TOPIHHSA.
Tomy HaBiTH SIKIIIO 3aracHUTH TOJNyM sTHE TOPIHHSA, HaJ| IIOBEPXHEIO
TBEPJIOTO MaTepiady 3HOBY CTBOPIOIOTHCS YMOBH, JOCTATHI ISl T10-
BTOPHOTO 3aliMaHHS Tra30noI0HMX MPOIYKTIB PO3KIAJaHHA 1 TPO-
JIOBXKEHHSI TOPiHHS. SIKIIIO TOBIIMHA BYTJICIIEBOTO 3aJUIIKY 3HAYHA,
TO TIOJIyM sTHE TOPIHHS MOXKE caMOcCTiitHO nmpunuHuTHCA. K TOMY ke
NPUNTUHEHHS TOJyM SIHOTO NU(Y31fHOTO TOPiHHS Ie HEe O3Havae
MPUIMHEHHS TOPIHHS B3arali, OCKUJIbKA 0arato TBEPAMX TOPIOYUX
MaTepialiB 3aTHI 10 TETEPOTeHHOTo TopiHHs. [loTpiOHO 3a3HaYM-
TH, 1110 TEMIIEpaTypa MOBEPXHEBOro 1Iapy LIUX MaTEPIajiB y Mpole-
ci ropinnas carae sume 3a 500-600°C, 1e 3HaYHO MEPEBMIILYE HE
TUIBKH TeMIIEpaTypy caMoclallaXyBaHHs, a i HaBiTh TeMIlEpaTypy
BUMYIIICHOTO 3alaliOBaHHsA 0ararb0X rOpIOYMX Ta3iB, sIKI YTBOPH-
JIACS TIPU PO3KJIaTaHH].
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OTxe, yMOBOIO MTOBHOIO M HAJIMHOrO MPHUIHMHEHHS TOPiHHSA
TBEPIUX MaTepialliB € He TUIbKA MPUIMTUHEHHS TOJIYyM sIHOTO TOpiH-
HSl HaJl X TIOBEPXHEI0, aje W OXOJOKEHHS BEPXHBOT'O MPOIrpiTOro
1apy 10 TeMIIepaTypH, sSika HUXKYE 32 TEMIIEPaTypy MOYaTKy BHUXO-
Iy TOPIOYMX JIETIOUUX (pakiliid abo, IHIIMMHU CIOBaMH, MOYATKY
niponizy (mst nepesunn < 200°C). [Ipu mpoMy KOHIEHTpais ro-
PIOYMX KOMIIOHEHTIB y 30HI TOpPIHHS 3MEHIIUTHCS (CTaHE HMXKYe
HIDKHBOT KOHIIEHTPAIIITHOT MEXI1 MOIIMPEHHS MOTyM’ s), IHTEHCHUB-
HICTb TEIUIOBHJIUIEHHS 3HU3UTHCA, TeMIepatypa y (GppoHTi nmoiym’s
CTaHE MEHIIE TeMIIepaTypu IOTacaHHs, 1 TOPIHHS MPUITMHUTHCS.
Takum YMHOM, YMOBOIO, HEOOXIZHOIO W JOCTaTHBOIO ISl TIPHITH-
HEHHSI TOPIHHA TBEPIUX TOPIOYUX MaTepialis, Oye:

Ts < Tpip - (2.48)

ne T — Temmeparypa noBEpXHEBOIO IIapy TBEPIOTO TOPIOYOTO
MaTepiainy;

Tnip — TeMIleparypa Mo4aTrKy Mipoji3y TBEPAUX TOPIOYUX
Marepiaisb.

Ils ymoBa peaii3yeThcsl IIISIXOM 3a0€3MeYeHHs BiJIBEIACHHS
MEBHOT KIJIBKOCTI TEIlIa BiJI MOBEPXHI MAJAI0YOr0 MaTepiary:

QBiI[B. 1 2 Trac (ql'[pOM. + Akons.) + Qsan.1e.> (249)

e Q gigs. TB. — MMTOMA KiIBKICTh TEILIA, SIKY HEOOXiIHO BixBec-
TH B OJUHUII MOBEPXHI MPOTPITOrO MIAPY TBepI[OFO TOPIOYOro
MaTepialy UIsl TPUIMHEHHS TPOLECY IMOJYyM STHOTO TOpPiHHS
JIETIOYMX PEUOBHMH HAJl MOBEPXHEIO0 MaTepialy 1 FeTeporeHHoro ro-
piHHS B porpitomy mapi; kHK-M

qnpoM — NMUTOMa 1HTEHCHUBHICTb HpOMeHI/ICTOFO TeHJ‘IOBOFO
MOTOKY Bif (akena momym’st o moBepxui TT'M, k/[x- M2

(Qxons. — NMUTOMA IHTEHCUBHICTh KOHBEKILIMHOIO TEMJIOBOIO

MOTOKy Bix (axena monym’s 1o mosepxui TI'M, x/x-M>c ' (Ha
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BIIMiHY BiJl piJlUH, TBEP/l MaTepialid MOXKYTh 3HAXOAUTHUCS Tif Pi-
3HAM KyTOM HaXWily BiJHOCHO HANPSMKY IMOIIUPEHHS (POHTY IO-
JTyM’s, 110 MPHU3BOAMUTH A0 30UIbIIEHHS KOHBEKIINHOI CKIaJ0BOT
MpOrpiBy MaTepiany);

Trac. — Yac raciHus, c;

Q;an. 1B. — MTOMA KiJIBKICTh TEMIA, KA 3aIlaceHa B TIOBEPX-
HeBoMy miapi TI'M, mporpiToMy BuIle 3a TeMIeEpaTypy I[OYaTKy
mipomisy, kJ[x-M~ (zuB. puc. 2.7).

[MuTOoMa KiNBKICTH TEIUIA, 3allaceéHa B IPOrpiToMy IIapi Ha
onunMIi Twiomi noBepxHi TT'M, Moxke OyTu BupakeHa depes3 Mmpu-
BEJICHUH TEIJIOBMICT L[LOTO IIApPY:

8l'llll

Qzan. 18. = Icp ™ P18 (T(X) - Thip )ix , (2.50)
0

ne Oy — TOBLIMHA LIApy TBEPAOTO IOPIOYOro Marepiaity, Ipo-
IPITOrO JI0 TEMIIEPATYpH HE HIDKYE 3a TeMIIepaTypy MOuYaTKy Mipo-
i3y, M;

Cp rg — HTOMA TEIUIOEMHICTh TMIPOJII30BaHOTO HIapy TBEp-

. -1 g1
JI0T0 TOproyoro marepiaiy, K/Lx-kr -K™;

Pyp — TYCTHHA MIPOJII30BAHOIO IIapy TBEPJAOrO Marepiany,

3
KM

X — BIJICTaHb BiJ] TIOBEPXHI TBEPIOTO MaTepialy B TIIMOUHY, M;

T(X) — dyskuis posnoaiay mons TeMIepaTyp 3a TOBIIMHOKO
nporpitoro mapy TT'M.

[Tutoma TemIOEMHICTh 1 TYCTHHA HipOJdi30BaHOrO IIapy 3a-
JeXaTh B TeMIepaTypH 1 MipW HOTO TEPMIUYHOTO PO3KIIAJaHHS.
[IpuiinaBmm, 1m0 TeMIepaTypa MPOTrPITOro IMapy TBEPAOTO
MaTepialy 3MIHIOETbCA BIAMOBITHO J0 piBHAHHSA MixelbcoHa
(2.27), Bupa3 (2.50) MmoxHa 3amucaTd y BUI:
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Prpr A
sam.te = | 1-exp| — ——3,, (TS_TO)"
Vm AtPrp
-¢p 18 PreOmm (Tnip — To) (2.51)
ne Arp — Koe(iLli€HT TEIUIONPOBIAHOCTI MIPOII30BAHOIO IIAPY

TBepIoro Marepiany, Br-m -K';

at — KOeQIiEHT TeMIepaTypoIpOBIIHOCTI MIPOIi30BaHOIO
. 2 -1
1apy TBEpJOro mMarepiainy, M™-C
T, — moyaTkoBa TeMIiepaTypa TBepIoro Marepiaiy, K;
Vm — MacoBa IIBUJKICTb BUIOPSIHHA TBEPIOro Marepiaiy,
KO-M >-C .
SIKIIO MPUIYCTUTH, IO TEIUIO, SKe MOCTyMae BiJ ¢akena
MOJIyM’s1 10 TIOBEPXHI TBEPJOr0 TOPIOYOTO MaTepially 3a paxyHOK

NIPOMEHHUCTOI M KOHBEeKUIiHOI Temionepeaadi (qupom. + qrons.)s
BUTPAYA€THCS HA MPOIIEC TEPMIYHOTO PO3KIIaIaHHs, a TeIUIOTa IPO-
1IECIB, SIKi IPOTIKAIOTh Y TIOBEPXHEBOMY ILIApi MPH Mipoi3i, Ipomo-
pliifHa MacoBiM IIBUIKOCTI BUTOPSHHA, TO KIIBKICTh TeILIa, SKY
HEOOX1THO BiJIBECTH BiJl OJMHHMII TOBEPXHI MPOTPITOrO Mapy TBEp-
JIOTO MaTepialy, MO’KHA BUPA3UTH PIBHSHHSM:

Qginn 8 2 TracYmHnip +

fPbmnl g od Vmo5 lp —1)—

Vm AP
-¢p 18 Predmm(Thip —To) - (2.52)
ne  Hpjp — nutoma Teruiora mpomecy miposisy, mo nporikae B

noepxueBomy mapi TTM, kJDx-Kr .
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Omxe, IS TaciHHA TBEPAMX TOPIOYMX MaTepiaiB METOJIOM
OXOJIO/KEHHSI TTOBEPXHEBOT'O IIapy BOJOI0 HEOOXITHO 3a0e3NeunTH
TaKi YMOBH, 3a SIKMX KUIbKICTh TEIUIa, IO NOTJIMHAETHCS BOTHETACHOIO
pEUOBHHOO, Oy/e TEPEBHIYBAaTH KUIBKICTh TeIUIa, IO HEOOXiITHO
BiJIBECTH BiJ] MOBEPXHEBOT0 mporpitoro mapy TI'M. ['aciHHs cTaHeTh-
Csl 32 YMOBH:

QIIOF.II. 2 QBi}lB. TB - (2.53)

VY pob6orti [17] po3paxoBaHO MiHIMaJILHO HEOOX1IHY KUIBKICTh
BOJIM, SIKYy HEOOXIMHO TOJATH Ha OAMHUIIO IUIONI JACPEBUHU IJIS
YCIILIHOTO raciHHs. Po3risgaerbes cnpoleHa cxema Mpouecy Au-
(Gy31iHOro TOpiHHA TOPU30HTAIBHO PO3TAIIOBAHOIO TEPMIUHO-
TOBCTOTO 3pa3ka. [Ipu 1bOMy KOHBEKIIIITHOIO CKJIaJJOBOIO TEILIOBO-
ro BIUIMBY Bl MOJYM’s Ha MOBEPXHIO 3pa3ka MOXKHA HEXTYBATH.
[TpumyckaeTscsl TaKOX, IO MPOIEC BIIBHOTO TOPIHHS MPOJOBXKY-
BaBCS JIOCUTH JIOBTO, TIPH IIbOMY JIEPEBHHA, sIKa Ma€ BEJIHMKY 3ara-
JBbHY TOBIIMHY 3pa3ka, Mporpijacs Ha MaKCUMalbHy TTTHOUHY (TO-

BIIMHA IIPOTPITOr0 MAapy Opy CTAHOBUTH BEIMYMHY HOPSIKY
0,01-0,02 M), a MOBEpXHEBUM MIAP JOCAT MAKCUMaJIbHOI TeMmIepa-

typu (tg = 500-700°C). MacoBa IIBUAKICT BUTOPSIHHS JCPCBUHU

Vm Ha MOXexi ctanoBUTh 61u3bko 0,01 kr m2ct, TYCTHHA 4YacT-
KOBO TpOITi30BaHOI JePeBUHN p cTaHOBUTH 300 KI-M ", TEIIoeM-
HicTh Cp=1,47 kJx-kr K. TIutoma Teruiora mipomizy TBEpPAHX
TrOpIOYMX MatepiajiB npu Audy31HHOMY TOPIHHI CKJIaJIa€ Maly 4Yac-
TKY BiJl 3arajibHOi KUTBKOCTI TeIlIa, IO BHUIUIAETHCS MPH TOPiHHI
OunpIIOCTI HaTypanbHUX 1 cuHTeTnuHux TI'M. Sk mpaBuio, as

JIEPEBUHU Hnip He nepeBuInye 5-6 % poOo4oi TEIIOTH 3TOPSHHS

Qp, sIKa, B CBOKO 4epry, IpubIn3Ho gopisHioe 16800 klx-kr [18].
[Iporec ropiHHS TBEPOro rOPIOYOro MaTepiaity MpecTaBie-
HUH y BUJ1 HACTYIHOI cxemH (puc. 2.7).
[Iponec raciHHs MpeACTaBIEHUN TaKUM YWHOM, IO Ha BCIO
MOBEPXHIO JIEPEBUHU DPIBHOMIPHO HAHECEHMH IMIap BOJM IEBHOI

HEOOXiZHOT TOBIIMHKU Oy 3a JOCTATHHO KOPOTKHII MPOMIXKOK 4acy
(ymoBHO 10 c). Hanecenuii map Boau HE CTIKa€ 3 MOBEPXHi, TOOTO
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BCA IIOJaHa

BOJIla TIOBHICTIO Oepe yuacTh y TpOleci TraciHHSA

(puc. 2.8).
ql(l:IHB
4
Uppom
v/hg Ny 8 t=700°C
S| P T IR IR e
A l‘m-pm2000C
=)
5
1 ]
t = 20°C

Puc. 2.7 - Cxema niporiecy ropiHHs HaJl TOPH30HTAIEHOIO
MOBEPXHEIO TBEPAOI0 rOPIOY0ro Marepiaiy:
1 — TBepaMii roprounii Marepiain (iepeBruHa); 2 — IOBEPXHEBHA mIap,
IPOIpiTHH BHIE 3a TEMIEPAaTypy MHpOIi3y, TOBUIMHOK Oy
3 — cymil ToprouuXx rasi, siKi YTBOPIOIOTHCSI B IIPOIEC] MipoIIizy;
4 — Qaken nonym’st; 5 — emnropa noJs TEMIEPATyp y AE€pPEeBUHI IpU
CTaJIOMy TOPiHHI.
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Puc. 2.8 - Cxema nponecy raciHtsi ojiym’st BOJI0I0
HaJI TOPU30HTAILHOIO TOBEPXHEIO TBEPAOT0 TOPIOYOT0 MaTepiaiy:
1 — TBepamii roprounii MaTepian (iepeBuHa); 2 — MOBEPXHEBUH IPO-
rpiTvii map; 3 — map BOAM TOBILMHOIO Oy, HEOOXIIHOK I TaCiHHS;
4 — enropa 10JIs1 TEMIIEPATYpP y JCPEBHHI B MOMEHT T'aCiHHS.

I[Tpyn 1bOMY HE BPaxOBY€THCSI OXOJIOPKYIOYA Jisi BOAU M BOASHOL
Mapy Ha 30HY IOJYM s, @ TAKOXK 130JIFOFOYHMH Ta SKPAHYIOUHi BILTHB
BO/IY, SIKa MIPOTATOM TEBHOIO Yacy 3HaXOJUThCS Ha MOBEPXHI JIEPEBU-
HH, BOUPAETHCS B 1i MOBEPXHEBUIA IIap 1 3aXHUILA€ BiJl MPOMEHUCTOTO U
KOHBEKLIMHOIr0 TEIUIOBUX MOTOKIB, IO HIyTh BiA 30HM TopiHHA. Lli
eeKTH WIyTh y 3arac HaAIHHOCTI MPOLIECy TaCiHHSI.

Po3rnsnaeTses nuine AOMIHYIOUHA MEXaHi3M OXOJIO/KYBaH-
HS TIOBEPXHEBOTO MIAPY MaJIal0vo0i IEPEBUHU PU KOHTAKTI 3 BOJIOIO
3a paXyHOK NpOTrpiBaHHS BOJAM JIO0 TEMIEpaTypH KMIIIHHS Ta ii BU-
NapoOBYBaHHS 3 pPO3irpiTOi MOBEPXHIi IEPEBUHHU.

Toni 3a1aua 3BOAUTHCS 10 BU3HAYECHHS TOBIIMHU LIapy BOAW Ha
TIOBEPXHi JIEPEBUHHU Oy, HEOOXIIHOT ISl PUIMHEHHS TOPIHHS HaJI 0~
BEpXHEIO 3paska. [InToma KimbKIiCTh Temwa, siky OyJe BiIBEIEHO Bix
OJIMHMLII TJIOI HaJaryuoro MaTepiay BOJIO0, HAHECEHOIO Ha MOBEpX-
HIO B TIPOIIECi TaCiHHS, OOYMOBIIOETHCS TI€I0 KUTBKICTIO TEIDIa, 10 MO-
[JIMHAETHCS 1IIAPOM BOIHETacHOI pEYOBMHHM 32 PaXyHOK HarpiBy 1 BUIa-
POBYBaHHS BOJIH, 1 MOXe OyTH po3paxoBaHa 3a (hopmyiioro (2.32).

[Ticns BupimenHs cuctemu piBHAHHA (2.32), (2.52), (2.53)
BimfHOCHO Op 1 MIiJCTAHOBKM UHCEIbHUX 3HAUCHb BEJIMYMHA
8y ~ (0,2+0,5)-10° M y 3aeXKHOCT] Bifl I'yCTHHH KapOOHi30BaHOTO
3aJIMIIKY, TEMIIEPATypH TIOBEPXHEBOTO Iapy Ta iHIIUX Terutodisu-
YHHX [ApaMeTPiB MOBEPXHEBOIO IIApy rOpPrY0l peuoBUHU. Takum
YHHOM, B CEPEAHbOMY IHTOMAa BHUTpaTa BoAM Ha raciHas TI'M wme-
TOZOM OXOJIOJKYBAHHS MOBEPXHI CTAHOBHTH OIH3BKO 0,5 1-M~.
OjHaK TaKMMHU MaTUMH TUTOMHMU BUTpPaTaMu BOJHM MOYXKHA 3racu-
TH MOXKEXKY TUIBKH 32 3a34aJIeT1/1b BU3HAYEHUX YMOB:

— IIOBEPXHS, L]0 TOPUTh, PO3TAILIOBaHA TOPU3OHTAIIBHO;

—PO3MipH TOBEPXHI BIAHOCHO HEBEJIHKI,
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—BOJIa, sAKa TOJAETHCS Ha TAaCiHHS, HE CTIKa€ 3 IMOBEPXHI
TBEpPJOT0 MaTepiany i MOBHICTIO Oepe yyacTh B OXOJOJKEHHI I0-
BEPXHEBOTO I11apy.

VY naGopartopHux BUIPOOYBaHHSX, 1€ BUKOHYIOTHCS Taki yMo-
BU, aHAJIITUYHO OTPUMAaH| 3HAYEHHS MIATBEPKYIOThCS €KCTIEPHUMEH-
TaJILHO 3 JIOCTaTHBOIO TOYHIiCTIO. [Ipy MOpyIIeHHI TPUIHHATHX YMOB
MEXaHI3M TaciHHS ICTOTHO 3MIHIOETHCS, 3ajjauya BTPAyaE CBOIO
OJTHO3HAYHICTh Yepe3 HEeBU3HAUCHUH Yac Tojadi BOIM, HEOIHOYAC-
HICTBh TOJIa4i i1 Ha TTOBEPXHIO 3pa3Ka, 10 TOPUTh, YePe3 IHTCHCUBHE
CTIKaHHS BOJM y BHIIQJIKy TIOXUJIOTO a00 BEPTHKAIBHOTO MOJIOKEHHS
MAIar04v0i MOBEPXHI. 3HAUCHHSI KPUTUIHOI BUTPATH PO3MHIIECHOI BO-
1M, SIKI BU3HAYEH1 €KCIIEPUMEHTAIbHO pizHUMH aBTopamu [19, 20]
JUTSI TAaCiHHS JICPEBUHU, HA MOPSIOK OUIbIIE, H’)K TEOPETUIHO HEOO-
ximHa Butpara. [Ipu mepexosi BiJl MOACTHFHUX BOTHHMII IO PEATHHHIX
MOXEX PI3HUI MK TEOPETUYHOK Ta (DAKTUUHOKO BHTPATOIO BOJU
3poctae e Outbmie [21]. Tak, craTucTuyHi JaHi, OTPUMaHi TpH ra-
CIHHI MMOKEX TBEPAUX FOPIOYHUX MaTepiajiB, OKa3yOTh, 10 HABITH Y
HAMOUTBII YCIIIIHUX BUIMAJKaX TaciHHA MiHIMalbHa BHTpaTa BOJAU
cra"HoBuTh Oym3pko 50—-100 J1~M'2, TOOTO 3 yCI€T KUTBKOCTI BOAM, 110
MOJIA€THCS Ha FACIHHS MOKEX1, B raciHHi Oepe ydacTb He Ouiblie 1%.
Ha raciHHs CKIaIHHX TOXKEX BHTpadaetbes 500-600 M~ , a Haii-
OUTBIII CKJIQJIHI BWITAJIKM TaCiHHS TPUBAJIUX IMOXKEK Ha HAWOUIBII
CKJIQJIHUX Yy TIOXKEKHOMY BIJHOIIEHHI 00 €KTax (THUIy JIICOOIpIK,
CKJIQJIIB JIICOMMIIOMATEpiaiiB, MiABATIB TOIIO) JAfOTh 3HAYCHHS I10-
paky 1500-2000 m-m~ [22, 23].

Ile MOSICHIOETBCS TUM, IO IHTEHCHBHICTh BUXOIY JIETIOUHX
roprouux (pakiii, a, oTxKe, po3Mip 30HU IOJYyM SHOTO TOPIHHSA
TBEPJIUX TOPIOYNX MaTepiaiiB 3HAYHOIO MipOIO 3AJICKHTh BiJl BEIH-
YYMHY THMTOMOI IUIOII MOBepXHi ropiHHs (Spypr = Srop/Vrp),
xoedinienta nosepxni ropinas (Ky = Spop/Spou), TeMneparypuo-
ro PEeXUMY IPOIECy TOPiHHSA, MPOCTOPOBOI Opi€HTAIii TOPIOYOro
Marepiagy Ta IHIIUX YMHHUKIB, 110 BHU3HAYAIOTh PEXKHUM TOPIHHSA
TI'M. Ilpu 3011bIIEHHI TUIOII MOXKEX1 ICTOTHO 3pOCTa€E HEePiBHOMI-
PHICTh PO3MOiTY BOJIU IO MMOBEPXHI PEUOBHHH, sika rOpuTh. Hepis-
HOMIPHICTh PO3MOJUTY IO TUIOIII MAa€ MicIle, KOJH TUIOMIA MOXKEXi
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CTae OUIBIIONO 32 IUIOILY, 3POIIYBaHy OJHUM IOXKEXKHHM CTBOJIOM
a00 OHUM PO3MIITIOIOYUM TPUCTPOEM.

Kpim toro, Ha peanbHux noxexax TI'M koeilieHT nmoBepx-
Hi TOPiHHS CTAHOBUTH 3+7, IPH IbOMY O1JIbIIIE 32 MTOJIOBUHY TTOBEP-
XHI1, 1110 TOPUTh, HEAOCTYIHO JJIs MPSIMOIO HAHECEHHs Ha Hei BOr-
HEracHHX 3ac00iB, OTXKeE, PI3KO 3pOCTa€ MUTOMA BUTPATA BOJIH.

VY po6oTi [24] nponoHy€eThCs eMIIpUYHA 3a1€KHICTh TUTOMOT

BUTPATH BOAU Spakr (JI-M'Z) Ha TaciHHS OpJauHApHUX moxex TI'M

BiJT IO TOMKEKT Spyome. (M)

Ig gparer = 1,1 - 1€ Sygu. +0,302. (2.54)

Takum 4yMHOM, HEOOXITHOIO ¥ JOCTAaTHBOIO YMOBOIO TacCiHHS
MOXEX1 y BCIX BUMAJKaX € 3a0e3MeueHHsI EeBHOT IHTEHCUBHOCTI TeTl-
JIOBIIBOJTY BiJl 30HM TOPiHHS 200 MOBEPXHI rOPIOY0] PEYOBHHH, 32 SIKOT

iX Temreparypa 3HWKYEThCs 110 KpUTUYHOTO 3Ha4YeHHS (T o 1151 30-

1 ropinns i Tey a60 Tyip 1151 OBEpXHI KOHIEHCOBAHNX PEYOBUH).
UucenbHe 3HAYCHHST IHTCHCUBHOCTI TEIUIOBIIBOTY 3aJICKUTh BiJl BUIY
TOPIOY0i PEUYOBUHH, PEXKHUMY ii TOpiHHS, 00’€My 30HU TOPIHHS, TOB-
IIMHU TIPOTPITOTO APy TOPIOY0l PEYOBHHU W Yacy TaciHHs, IPUIOMY
BOHO THM HIDKYE, YAM MEHIIIUHI Yac TaciHHS.

Y poborti [25] mokaszaHo, 10 ONTUMAaJIbHI IHTEHCUBHOCTI Tell-
JIOBIBOJTY, SIKI MOTPiOHI AJISi PUIIMHEHHS TOPIHHS, BiIHECEHI 0
IHTEHCUBHOCTI TETUIOBUAUICHHS MPU IMX peXUMaX TOpiHHA, € Be-
JUYUHU TPUOJIU3HO TOCTiKHI. JlaHe BiTHOIICHHS 3alpPONOHOBAHO
SIK KpUTEpil MpoLecy raciHHs:

dsins
Kpge =22, (2.55)
BH/]L

I€  (gigp — IHTEHCUBHICTH TEILIOBIIBOLY BiJl 30HU TOPiHHSA 200 3
OJIMHMIII TOBEPXHI KOHJIEHCOBAHOI TOPIOU0i peuoBHHH, KJ[XK-C

87



(uy — IHTCHCHUBHICTH TCIUIOBUILICHHS IIPH FOPIHHI, Ky MO-
JKHA BUPA3UTH SIK:

Apuy = BVmQu. KkJlK-C! (2.56)

ne B — xoediuieHT MOBHOTH 3ropsHHS;

Vi — MacoBa IMIBH/IKICTh BUTOPSIHHS TOPIOYOI PEUOBUHH (M-

. -1
— JUIsi Ta3iB a0o Kr-c~ — JyIsl KOHICHCOBAaHUX TOPIOYUX PEUOBHH);

Q,, — HIDKYA TEIUIOTA 3rOPSHHS TOPI0Y0i pedoBrHN (KJHK-M"

Ju1s ra3iB 260 KJDK-Kr™ Ul KOHIEHCOBAHMX TOPIOYMX PEYOBHUH).
[TincTaBuBIIM YWCENbHI 3HAYCHHS BEIMYUH Yy (QOPMYITY
(2.55), moxxHa MOOGAYUTH, IO AJISl TACIHHS MOXKEXK METOJIOM OXOJIO-

JoKeHHS 30HU TOPiHHA Kiq¢= 0,1, 2 METOIOM OXOJIOKEHHS TIOBEP-

XH1 KOHJIEHCOBAHOTO Toprodoro Matepiany Kpae = 0,2 + 0,4.

3HalOUYM YUCelIbHE 3HAUYEHHS KPUTEPIIO raciHHA Ul BCIX BH-
JiB TOPIOYHMX PEUOBHH, MOXXKHA PO3PaxyBaTH HEOOXiTHY BHUTpATy
BOTHETaCHUX PEYOBHUH:

g = nim _ KracbVmQu | o (557

Qrora Qnora

a TAaKOXX yCl OCHOBHI IapaMeTpy MpOLECy I'aciHHS — IHTEHCUBHICTh
MoJ1a4i BOTHETacHOI PEeYOBMHU, HOPMAaTUBHHI Yac TaciHHA, CyMap-
HUI 3arac BOrHEracHOI peUOBHHHU, HEOOXIIHUH JUIsl TaCiHHS TMOXKe-
k1. Bce 11e 103BOJIsIE pO3pOOWTH HAYKOBI OCHOBU IPOCKTYBAHHS
aBTOMaTMYHHUX CHUCTEM MOXEKOTaCiHHS 3 ONTHUMAJIbHUMHU IapamerT-
paMu CHCTEM 1 MpolLecy TaciHHs.

2.2 Boaa ik (prerMmaTu3y04nii BOrHeracHmii 3acio

VY mpakTHIi TOXKEXKOTraciHHSA YacTO 3aCTOCOBYETHCS 00’ €MHUI
croci0, 3a SKOro BOTHETacHWH 3aci® pO3MOAUISETHCS Yy BCHOMY
00’€eMi, 1110 3aXHIIAETHCS, CTBOPIOIOYH ITPH ILOMY B KOXKHOMY HOTO
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eJIEMEHT] HeOOX1/IHy BOIHEracHy KOHILIeHTpalio. BossHa napa 3Ha-
XOJUTh IMIMPOKE 3aCTOCYBAHHS ITiJ] Yac TaCiHHS MOXKEX B 3aKPUTHX
00’emax ab0 TEXHOJIOTIYHUX YCTAHOBKAX.

VYci po3paxyHKH, PUBEICHI BHIIE, OyH MoOyI0BaHI HA MPHITY-
IIEHH], 1110 BOJA MpPU TaciHHI YMHUTH TUIBKH OXOJIOKYIOUMH e(eKT,
0e3 ypaxyBaHHSI TAKUX MEXaHI3MIB NPUTIMHEHHS TOPIHHS, SK pO30aB-
JIEHHS 30HM TOpIHHS MApoK BOJIM, a TaKOXK 3MiHA TeIIo(i3UYHUX
BJIACTUBOCTEH IMapora3oBOi CyMimli B 30HI NPOTIKaHHA XiMIYHHX
peaxiiu.

Skmo npu QikcCoBaHOMY CITIBBIIHOIIEHHI BMICTY TOPIOYOi pe-
YOBMHM M OKHCIIIOBaYa JI0 iXHBOI CYMIIIl JOJaBaTH HETOPOYl KOM-
MIOHEHTH, fKI cami He OepyTh y4acTi B MPOTIKaHHI XIMIYHOI peakIii
OKHCJICHHS, IIBHJIKICTh PEAKIIil 3MEHIIYEThCS, a OTXKe, 3TiaHo (2.1)
3MEHILy€ThCs TEIUIOBUALIEHHS ((+) y 30H1 ropinHs. Lle, B cBoto yep-
Ty, IPU3BOIUTH JI0 3HW)KEHHSI TEMIIEPAaTypH B 30HI peakiii. 3a mes-
HOTO po30aBlIeHHs TEMIIEpaTypa CTa€ MEHIIOKO 3a TEMIIEpaTypy Io-
racaHHs, a CyMill cTa€ Heroproyoro. KpiMm Toro, npu BBEJICHHI HETO-
pIOUMX KOMIIOHEHTIB B CHUCTEMY JOJATKOBO BIJOYBalOThCS BTpaTu
TeIJIa Ha HarpiBaHHsS IHX PO3Pi/KYBadviB BiJl TIOYATKOBOI TeMIiepa-
TYPH 10 TEMIEpaTypy 30HU FOPIHHS, TOMY UMM BHIIE TEIUIOEMHICTh
KOMITOHEHTIB, $IKi BBOJSTHCS, TUM OUIBIIY KUTBKICTH TeIla BOHHU
MOXYTh "MOINMHYTH'", a, OT’Ke, TUM BHUIIA iX BOTHeracHa fis. Tak,
TEIIOEMHICTh BOAAHOI Iapu nipu 600°C (Cp map = 2,2- 10° I[)K-Kr'lK'l)
B 2 pa3u Oiiblia, HiX y a30Ty abo Byriekucioro razy. OmHak morpi-
OHO BpaxoBYBaTH, 1110 32 PAXYHOK PI3KOro MiJBUILEHHS KoedillieHTa

Terionepeaadi A rasu, sKi J0Jal0ThCsl, MOKYTh 30UIbITYBaTH iHTEH-
CHBHICTb TEIUIONEpeayi 13 30HU TOPIHHS 10 CBKOT TOPrOYOi CyMIII.
Ile cmpusie OiTBII MBHIKOMY NPOTPIBAaHHIO ITArOTOBUOi 30HHU Y
(GpoHTI moyMm’s, a OTXKE, MIBUAKICTh MOIIUPEHHS TOPIHHA W TeMIie-
patypa 30HH TOPIHHS IPH [EOMY i ABHUILYOTECS. TOOTO YnuM OLTbIIe
KOE(ILIEHT TEIIONPOBIIHOCTI, TUM LIBHUJIIE CBIXKa roprova CyMilll
OTPHUMAE JOCTATHIO KUTBKICTh TEIUIa M 3aTOPUTHCS, 1 OTKE, TUM HIK-
4ye e(peKTUBHICTh BUKOPUCTAHHS HETOPIOYOro rasy. ¥ 3B’sI3Ky 3 LIUM
KOMIUIEKCHUM TTapaMeTPOM, III0 XapaKTepH3y€e BOTHETACHY e(heKTHB-

HICTb Fa30BUX PO3PIDKYBAUIB, MOKE CIIYXKUTH BiIHOIICHHS Cp/A..
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HapiBHi 3 MOXKITUBICTIO IIBUAKOTO TaCiHHS METOJOM pP030aB-
JICHHS, TI0J]Ja4a BOJSHOI Mapy B 00’€M, IO 3aXHINAEThCs, 3a0e3Ie-
yye rnonepekeHHs BuOyxy — ¢uiermaTtusanito. Tak, npu poOoTi 3
TOPIOYMMH Ta3aMH, piinHamMu a00 JWCHEPCHUMH MaTepialaMu Ha
XIMIYHUX MIANPUEMCTBAX € PHU3MK HAKONUWYEHHS B 3aKPUTHX
00’eMax roprounx peuOBUH y BHOYXOHEOE3MEUHUX KOHIICHTPAITISX.
dnermarusalis 130Jb0BAHOTO MPOCTOPY 1HEPTHUMHU J00aBKaMH €
OJIHUM 13 TIEPCHEKTHUBHHUX HAMPSMIB IOXKEKHOT TPOPITaKTHKH
TaKUX TEXHOJOTIYHUX mpoleciB. BoasgHa mapa BiHOCUTBCS 10
NPOCTUX TEIUIOBUX (hJIErMaTU3aTOPIiB — HETOPIOUYMX T'a30BUX PO3pi-
JOKYyBadiB 13 BHCOKHMM 3HAYCHHSIM TEIJIOEMHOCTI, sIKi 3a0HUparoTh
TETUIO 13 CUCTEeMHM Ha BIIACHHIA HarpiB.

InTencuBHICTh (ermMaTu3yio4oi 1ii 3aieKuTh BiJ CIIBBIA-
HOUICHHSI KOHIICHTPALil TOPI0Y0i pEYOBUHM 1 KUCHIO, 3 OJTHOTO 00-
Ky, Ta (hermMaTu3aropa, - 3 1HIIOro. 3 po30aBJIeHHIM TrOpPIOYOi Cy-
MIIII HETOPIOYUMHU KOMITOHEHTaMH BiJI0yBA€THCS 3BYKEHHS 00Jiac-
T1 BUOYXOHEOe3MeYHNX KOHIIEHTpAIlill, TOKU HIDKHS M BepXHs yac-
TUHH KPUBOI KOHILEHTPAIIfHOT MEXi MOLIMPEHHS MOIyM’sl HE 3i-
WOyTbcs B OJHIN TOUYIll, IIO 3BEThCS TOUKOIO iiermarusaiii abo
MucoM o6macti BHOyXxoBocTi. TumoBa miarpama 3aiiMHCTOCTI TO-
TpiitHOI cyMili "roproya peuoBUHA - OBITPS - PO3piIKyBay" (Kpu-
Ba 1) HaBeneHa Ha puc. 2.9.

90



¢p

»

Qur(r) Ppa Pxp Par

Puc.2.9 — 3mina obiacti 3aiiMHUCTOCTI B 3aJIEKHOCTI
BiJl KOHIICHTpAIlil HETOPIOYOTO Ta3y

JocnimkeHHs CKIIaAiB MOTPIHHUX CyMilIel MoKa3aiu, o JIs
OLTBIIOCTI PO3PIKYBadiB ToUKaM diermatuzaiii (eKkcTpeMaabHIn
TOYIIl 00JIACTi 3aiiMaHHs) BIAMOBINAIOTH CYMIIIli, TOYATKOBUN CKJIal
SIKAX € MPUOIM3HO CTEXIOMETPUYHUM I10 BITHOIIEHHIO 10 3TOPSH-
us 10 CO i H,O.

Konmentpaiiisi roproodoi peyoBMHHM B CyMilll, CTeXio-
MeTpHUYHiH 1o BigHOMIEeHHIO 10 3ropstaHa 10 CO 1 H,0, no’s3ana
3 KOHIICHTPAIIIE0 PO3PiAKyBada CIiBBIIHOIIECHHSIM:

100—o
co ¢ba
Pro = B 239
1+100—
%0,
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CO . . . ;
ac (Prp ’ (P(b‘]] — BIAIIOBIAHO KOHIICHTpAUlsd ropro4ol peHoOBHU-

HU 1 HEroproyoro po3pijpKyBaya B CyMilll, siIka BiAIOBila€e TOUI
dbaermaruzarii;

Bco - crexiomeTpuunuil KOEDIliEHT KUCHIO B Peakiyii 3ro-
psauss 10 CO 1 H,O;

?0, - KOHIIEHTpALlIl KUCHIO B OKHCIIIOBAJIbHOMY CEpero-
BUIII.

Kputnuny ¢nermaTusyouy KOHIEHTpAIIO JESKUX PO3pi-
JDKyBadiB MOKHA PO3paxyBaTH 3a BiJOMOIO (opMyIioro [26]:

@°pa =100 % (2.59)

1A "
hy —1+>h:.m:
¢ I
ne Hy — cramgapraa Temiora yTBOPEHHS IOPIOYOi PEYOBHHH B
ra3ornoAiOHOMy CTaHi, KI[;K-MOJIL'I;
h¢ — xoedinienT npu TEMIOTI YyTBOPEHHS TOPIOYOI PEYOBUHHU,
MOHL-KI{}K'I;

Iy . . _
h i’ h i Koe(illieHTH aTOMIB Ta CTPYKTYPHHX TPYIL;

h/ ) h{l/) — BUJIbHI YJICHH,

M — 9KCIIO ATOMIB j-IO THILy B TOPIOYiii PCIOBUHI.

Cknag TOTpIHHUX CyMiIeld Moxke OyTH OXapaKTepHU30BaHHA
CIIiBBI/THOMEHHAME Qrp/Pyr. T2 Prp/Pox. CyMilli, 1m0 3HAXOAATHCS B
3aKpUTHX 00’€Max, /ISl IKUX KOHIICHTPAIlis HErOprUYoro razy OubIie
@1, € HETOPHOYMMH IPH Oy/1b-SIKOMY CIIIBBIIHOLICHH] TOPIOYOI pe-
YOBUHM Ta OKHcTIOBaua. OIHAK, SIKIIO CTAHETHCS PO3repMeTH3allis
JAHOTO 00’€My, BMICT OKHCIIFOBa4a B CYMIII 301LIBIINTHCS, BIIHO-

IICHHST Qrp/(Poe 3MCHILUTBCS: TIPH [BOMY CIIBBiTHOIICHHS Qpp/@yr
3IMIIUTHCS TonepeaHiM. BHacmiok moaiOHOT aBapii MOXKyTh YTBO-
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proBatucs BUOyxoHeOe3neuHi cymimi. KoHueHTpariifii Mexi nommu-
PEHHSI TOPIHHS TaKMX CyMIIIEH MOXKHA 3HAWTH 3 MEPETHHY MPAMOi 3,

TAHT'€HC KyTa HaXWIy sIKOT PiBHUM (prpco/(pqm., 3 Jllarpamoro 3auMuc-
TocTi (puc. 2.9 Touku 1 ta 3).

Ha xpusiit ¢pnermaruzartii (1) € Touka 1oTuKy npsmoi (4), sika
BUXOJUTH 3 MOYaTKy KoopauHat. Cywmilll, 110 BiAMOBIAAE i TOYII],

HA3UBACTHCS ZPAHUMHOIO 34 20pIodicmi0, & Qrp(r), Pur(r) — BIAOBI-
JTHO KOHLEHTpAIlisl TOPIOYOi PEYOBHMHM Ta HEroplYoro rasy-
pO3piKyBada B TPaHUYHIN 32 TOPIOYICTIO MOTPIHHIN cyMili (TOY-
ka 4). Jlns wiei cymimni XxapakTepHa piBHICTh €HEpTii, 1110 mocTaya-
€THCSI PEUYOBHHOIO, SIKA TOPHUTH Y JAHOMY OKHCIIOBaJLHOMY Cepe-
JIOBHUIIII, W €Heprii, sika 3aTpavyyeTbcs HA HArpiB HErOPIOYOrO KOM-
MOHEHTA. SIKIIO0 cucTeMa 3a paxyHOK peakilii OKHCICHHS TOPIOY0ro
KOMIIOHEHTa 37aTHa BHUIUIMTH C€HEprii Ouiblle, HIX MOTPIOHO HA
HarpiB QuiermaTuzaTopa A0 TEMIEpaTypu TOPiHHS, TO B CHCTEMI
MOJKJTUBE BUHUKHEHHSI CAMOCTIHOTO CAaMOHArpiBaHHS 1 MOJAJIBIIE
BUHUKHCHHS TOPIHHS.

Cknaj rpaHUYHUX 32 TOPIOYICTIO CyMilIeH pO3paxoBYEThCS
Ha OCHOBI €HEPIeTHYHOr0 OaJlaHCy peakilii TOpiHHS MOTPIHHOI Cy-
mimn npu 3ropsHHi 10 CO ta H;O [27]. OnHi€ro 3 OCHOBHUX 3aK0-
HOMIPHOCTEW TOpIHHS Ha HW)KHIA MEXI rasiB 1 MapiB OpraHiuyHUX
PEYOBHH PI3HUX KJIACIB € TPHOJIM3HA TOCTIHHICTH aaiadaTudHOl
temmepatypu ropiasst T,, [28].

B po0Goti [27] moka3zaHo, 110 B TPAaHUYHINA 32 TOPIOYICTIO CY-
Milli KOHLEHTPALlis TOPIOY0i PEYOBUHH (Drp(r) TA HETOPKOYOTO rasy-

PO3PIIKYBada Pyy(r) 3HAXOAATHCS Yy CHIBBIIHOIICHHI:

Prp(r) _ Hyf —Hy?
To

Tr \, (2.60)
Pur(r) Hg¢ +ZHJmJ _k(HHOB _HHOB)
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To Tr . .
ne H,, Hyr — abcomrorni mMonbHiI eHTanbmii Heroprodoro
rasy BiJIOBIIHO MpH MoYaTkoBiii Temreparypi T i npu Temmepa-
Typi TOpiHHS Ta):[.;
nr > Hyr — a0COOTHI MOJIBHI €HTallbIIii TOBITPS BiJIIO-

BijHO TIpu moYaTKOBIH Temmeparypi Tq i npu Temneparypi ropinus

Tau.;

Kk =100°c0
¢0,

Hj — TEIIOBUH e(eKT peakilii ropiHHs j-ro aTroma 3a yMOBHU
sropsinHs cymimi g0 CO 1 H,0;

I — 4KCII0 ATOMIB BUJly j B MOJICKYJIi FOPIOYOi PEIOBUHH.
3Hal0uYu KOOPAWHATH TOYKH 4, MOXKHA OmKcaTu npsmy (4) pi-
BHSHHSM:

@Prp(r)

- 2.61)
Pur(r)

Prp =Pu

O6mactp i npsamoro (4) BIAMOBIAE CyMiliaM, sIKI HE 37aTHI
MOIIMPIOBATH MOJIYM s TP OyAb-KOMY BMicCTi oBiTpst. OTxe, 1Jis
TOTO, 100 HE YTBOPIOBAIKCS BHOYXOHEOE3MEeUYH1 CyMilll B TEXHO-
JIOT1YHOMY TIPOIIeCi HaBiTh y pa3l BUHUKHEHHS aBapiiiHOTO PEeKUMY
po3repMmeTH3aliii, HeoOXiJHO BMICT PO3pIKyBaua MiABUIIUTH 0

Qyp (Touka 2). 3HAYCHHSA MIHIMAJIBHO HEOOXIZHOTO BMICTY rasy-
pO3piIKyBada B OKHCIIOBATHHOMY CEPEIOBHILI MOXHA OTPHMATH,
BUPILIYIOUN CUCTEMY PiBHAHB (2.58), (2.60) Ta (2.61):
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100
Oxp = . (2.62)

14 D@ (1+k)
Pur(r)

[TincraBnsiroun Bupas (2.60) y gopmyny (2.62), orpumyemo
3HA4YeHHs MIHIMaJIbHOI (pIIerMaTH3yr40i KOHIEHTpAIil st Oyab-
SIKOTO 1HEpTHOro razy abo cymilli HEroprOYMX rasis, 110 BUKOpPHUC-
TOBYETBCS JUIs (hIerMaTH3aIlii:

1008 k)
Prp S—k+L1+k)’

(2.63)

Hf +ZHJmJ

HTF _ HTO
ne S , L i aL_
HTF _HTO HTF _HTO

NoB NnoB NoB NnoB

OtpumaHa KOHLEHTpauis (iermMaru3aropa 3a0e3neunTh BUOY-
X00€e3MeKy MOTPIMHOI CyMillTl “TOproYa peyoBHHA - TIOBITPS - PO3pi-
oKyBad" Mpu Oy/b-SIKOMY CITIBBIIHOIIEHHI MaJbHOIO M OKUCIIOBaYa
(HampuKIan, y pasi BUIyCKy 3aduierMaTH30BaHOI TOprOYOoi cymimn 3
TEXHOJIOTIYHOTO amapary B TOBiTps). [IOpiBHSHHS pO3paxyHKOBHX
3HaueHb, OTPUMAHUX 3a (hopmyioro (2.63), 3 eKcrepUMEeHTAIbHUMU
TAHUMH, TIPUBEICHUMH B [29], MoKa3ye, 110 BIJHOCHA CEPETHHOKBA/I-
partuvHa MmoxuoKa po3paxyHKy He mepeButrye 20%.

[Ipu BHU3HaYeHHI 3arajJbHOi BUTpPATH BOTHEraCHOI PEUOBHHHU
st puiermatuzarii BUOyXOHEOe3MeYHOTO CepeIOBHUIa BCEPEIMHI
TEXHOJIOTIYHOTO 00JajHaHHs a00 HpU TaciHHI METoJ0oM pPo30aB-
JIEHHS HEOOX1THO BpaxOBYyBaTH OCOOJUBOCTI BOJISIHOI MAPH 5K Ta3y-
po3pimkyBada. Ha BiamiHy Bim Heroproumx rasie, Takux sik COa,
N, Ar, BoJsiHa napa Ipu KOHTAKTI 3 MOBEPXHSAMH, SIKI MAlOTh TEM-
nepaTypy MEHIy, HbK TeMIeparypa HACHYEeHHs MapH, NepeXOauTh
y PIOKU# CTaH, TOOTO MOYMHAETHCS KOHJIEHCAllis, a OT)KEe, KOHLIEHT-
pauis mapu B 00’eMi, IO 3aXUINAETbCs, 3MEHIIYyeThcs. Yepes
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KOHJICHCAIlIF0 TOTpiOHA J0JaTKOBA IMojada Mapu I MiIATPUMKH
BOTHETACHOI KOHIIEHTpAIlli B 00’ eMmi.

3anaua BpaxyBaHHS KOHJCHCAIll Tapu MPH MapOBOJASHOMY
TaciHHI 3BOJUTHCS JIO OIHKU KUIBKOCTI BOJH, IO KOHICHCYETHCS
Ha MOBEPXHI OTOPOKEHHS 3 TAPOMOBITPSIHOT CyMIiIlI.

Konpencartist mapu BiCyTHS, KOJIM TeMIepaTypa MOBEPXOHb
oropoukenns t. nepesuinye ty(Py) Temneparypy macuuenns napu

3a 3aJaHOr0 3HAa4YeHHs mapuianbHoro Tucky Py mapooi ckiamoBoi
MapOMOBITPSHOI cymiti (I TeMIepaTrypa Ha3uBa€ThCs TOUKOKO PO-
cu). Tak, SIKIIO AJIs OIIHOK 3arajJibHUI THUCK T'a30BOTO CEPEIOBHINA
B 00’emi BBaxkaTH HopManbHHM, T00TO P,y = 101,3 kIla, 10 3a
BOrHeracHoi koHueHTpauii 30% napuiaabHUI THCK IApU CTAHOBUTD
P,=0.3-P;s = 30,4 xIla, mo Bixnosigae ty(P,) = 69°C. Takum
YIHOM Y JIaHOMY BUTAJIKy KOHJCHcallis Oyae crocTepiratucs Tilib-
KU Ha [MOBEPXHAX 3 TEMIIEPATYPOIO, MEHIIO 3a 69°C.

JIJIss OIiHKM BHECKY KOHJCHCAIl Y 3arajibHy BHUTpATy MapH
94acTO 3aCTOCOBYIOTH (DOPMYIly, IIO OMUCY€ KOHJIEHCAII0 YHUCTOL
Mapu Ha BepTUKaIbHIN moBepxHi. s dopmyna orpumana Ha mia-
CTaBl1 aHaNI3y JaMiHAPHOTO IUIMHY IUTIBKM KOHJEHCATY 10 MOBEPXHi
KOH/JIeHcallii. 3aJIe)KHICTh TYCTHHH MMOTOKY MapH, 0 KOHJCHCYETh-
Csl Ha CTiHi, BiJ TEMIIEpaTypyu Ma€ BUJI:

j=Aftet]™, kom e, (2.64)

ne A — po3MipHHI MHOKHUK, IO CIIA0KO 3aJI€XKUTh Bijx TemIepa-
TypH i 00yMOBJICHUH (Pi3UIHUMH XapaKTEPUCTUKAMH KOH/ICHCATY;

t, — Temmeparypa Ha 3BEpHEHIH /0 MapH MOBEPXHI IUIIBKU
xougencary (y Bumaaky 4uctoi mapu BoHa 30iraetbes 3 t(Ppo) -
TOYKOIO POCH, BU3HAYCHOIO NMPHU THCKY TapH BJAJHMHI BiJl TIOBEp-
Xx0Hb KouaeHcauii Pyg);

t. — Temriepatypa CTIHKH, Ha SIKiii BiIOYBA€ThCS KOH/ICHCALIIS TTapH.

OuiHku BUTpATH TapH, 3pOO0JICHI 3 ypaxyBaHHIM (OpMYIH
(2.64), yxa3yroTh Ha HEOOXITHICTH 30UIBIICHHSI BUTPATH B JCCSATKH
paziB. OnHak, crhiBBiAHOIIEHHS (2.64) nae 3aBUIICHY BEIMYHHY BU-
Tpatu napu. L{e mosicHIoeThCS THM, TII0 HASBHICTH Y CEPEIOBHIII 1H-
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I0TO Ta3y, B AKOCTI SIKOTO BUCTYIIA€ TIOBITPSI, 3MIHIOE HE TUTbKH THUCK
napH, ane MiHs€ XapakTep pyXy Mapu y IpPUIIOBEPXHid 00macTi.
KonpeHcarrist mapu Ha cTiHKax O3Havae il BUAAJICHHS 13 TMPUCTIHHOT
obnacti. Ilpn HE3MIHHOMY 3arajlbHOMY THCKY HapOMOBITPSHOI Cy-
MiIlll OCTAHHE SIBUILE MPUBOAUTH 10 HAUTUILIKY TOBITPS OIS CTIHOK.
Tyt popmyeThest Tak 3BaHui qUQy31HHUN Tap: map CyMimti 3 OUTbIII
BUCOKOIO (HIK Y TTIMOMHI MPUMIIIECHHS) KOHIICHTPAIII€I0 TOBITps. Y
pe3yabTati mapa, mood AIWTH 10 CTIHHM 1 CKOHJIEHCYBAaTHUCS, TOBUHHA
MOJI0JIATH TOAATKOBHM TOBITpsIHMMA Oap’ep. BiagMiHHICTH TonsArae B
HACTYITHOMY: y BUMAJIKy KOHACHCAIll YMCTOI mapu mepeOopIOeThCs
TUTBKY TETUIOBUM OMIP IUTIBKH KOHJICHCATY, a y BUMAAKY KOHJEHCAIlil
napu i3 cyMmimri 3 SIBIS€TbCS TOJATKOBUM TOCIIAOBHUNA omip Tudy3ii
napy Kpi3b 30aradeHy moBiTPsSM MPUCTIHHY 007acTh. SIK MOKa3yrOTh
JOCTIAM, TIOYWHAIOYN 3 BMICTY TIOBITPSI B MAPOIOBITPSIHIN CyMIITi y
JIeK1TbKA BIJICOTKIB, IPYTHIA OIIp € JOMIHYIOUHM.

[IpoinrocTpy€eMo aHe TBEPKCHHS, CITUPAIOYNCHh HA PIBHSH-
HS TEIJIOMACOIEPeHOCY. 3amady OyIeMO pO3TJIsaaTd SIK OJHOMIp-
Hy. Y SIKOCTI He3aJIeXKHOI MPOCTOPOBOT MEPEMIHHOT X BI3bMEMO BiJI-
CTaHb BIJI MOBEPXHI CTIHKM Y3/I0OBX 30BHILIHBOI HOpMali /10 Hel
(puc. 2.10). Bicp y cripsiMOBaHO MapajelbHO BEKTOPY HPUCKOPEHHS
BUIBHOTO MaJiHHA €; BIJUTIK KOOPJUHATH X BEJEThCS BiJl MOBEPXHI
KOHJICHCAIll] B cepeIMHY MPUMIILICHHS.

VY po3risHyTOMY Jliara3oHi TUCKIB CTalllOHApHI KOHIICHTpAIIil
napu ¥ MOBITPsL y MPOCTOPi 3 JOCTATHHLOK TOYHICTIO 3aJ0BOJIBHSI-
IOTh PIBHSHHIO CTaHY 17I€aIbHOTO Ta3y:

Py(x) = 0u(x)' R T(X); Pros(X) = @pop(X)-R-T(X), (2.65)

ne  Pu(X) i Pyos(X) — Bimnosinno napuiansi THCKH mapw i cyxo-
T'O MOBITPS B TOYII 3 KOOPAUHATOIO X, [1a;

On(X)y Qrop(X) — BimnOBiHO cTaliOHAPHI KOHLEHTpALT Ta-
PH i CyXOro MOBITps B TOUIIi 3 KOOPAMHATOKO X, (MOJIb-M °);

R — ynisepcanbha rasosa craina;

T(X) - abcomorHa Temmeparypa MapoOIOBITPAHOI CyMmilni B
TOYII 3 KOOpAuHATOIO X, K.
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Puc. 2.10 — I'eomeTpist 3a1a4i 040 KOHJIGHCAIIT MTapy HA BEpTUKA-
JIbHIM MMOBEpPXHI:

€ — BEKTOp IPUCKOPEHHS BUILHOTO NaliHHsA; W, Wy Wy - BiIIOBI-

JTHO BEKTOP IIBHIKOCTI PyXy MapOTOBITPSHOTO CEpeAOBHUINa 1 HOro

CKIIaJIoBi y310Bk oceil koopaunat; Op(y) i Or(y) — BimmosimHo

TOBIIUHU TTPUTIOBEPXOBUX JAU(PY31HHOTO 1 TEMIIEpaTypHOTO IIapiB.
BigzHaunMo, 1o 3aranbHU THCK CyMilll y BChOMY 00’ eMi

3QJIAIIAETHCS HE3MIHHUM, TOOTO BUKOHYETHCS CITIBBITHOIICHHS:

P.(x) + Pyop(x) = Py, = const . (2.66)

VY rtakiii curyaiii, HEXTYIOUd MAITUMH €()DEKTaMU THUITY TEPMO-
mudy3ii, cucteMy piBHSHb TEIJIOMACONEPEHOCY y MapOMNOBITPSIHIN
CYMIIII MOKHA MIPEACTABUTH Y BUI:

-D ddﬂ + w(x) @ =const, (2.67)
X

d
Juos ==D (21103 +W(X) Qpop =0,  (2.68)
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q=-A :—t + jg Hy(t) =const. (2.69)
X

ne jn — TyCTHHA MOTOKY CyXOi Mapy 110 HOpMaJli [0 IUIOIIUHH
2 1

KOHJICHCAIli{, MOJIb'M -C

jmos — TYCTHHA IMOTOKY TIOBITPS 1O HOPMaJii JIO IUIOUIMHH

-2 -1

KOHJIeHCallii, MOJb'M ~-C

( - ryCTHHA TEIUIOBOrO MOTOKY 4epe3 MapoHOBITPSHY CyMIill,
BT-M’z;

.. e 2 ]

D(X) - xoediuient audysii, m™-c ;

W(X) — 3aranbHa MBHAKICTH PyXY IOTOKY CyMimIi, M-C

A - koedirtient TermonposiasocTi cymimi, Br-m K

H,,(t) - muroma enranbiis napu, J-MoIb .

[Ipu HanmucaHHI TPaHUYHHUX YMOB JI0 PiBHSHB (2.67), (2.68),
SK1 ONUCYIOTh MAPOTIOBITPSHY CYMIIll, BBAKAETHCA, IO O1JI1 TTOBEP-
XHi KoHIeHcaTy GopMyeThest Tudy3iiHMA Iap ToBMUHOK O (pHc.
2.10), 3a MexxaMu SIKOTO CKJIaJ CyMilli mpuiiMae cBoi 06’ €MHi 3Ha-
YeHHs. Y BCbOMY ra3oBoMy 00’€Mi 30epira€Tbcsi MOTIK PEYOBUHU U
tera. Lle 0JHOYacHO € TPaHUYHOI0 YMOBOIO Ha TpaHUI AU(Y3iii-
HOTO HIAPY 3 OJTHOPITHOIO CYyMIIIIIIIO.

['panruHOI0 YMOBOIO /17151 TAPOTIOBITPSIHOT CyMiln 3 OOKy TuTi-
BKH KOHJIEHCATY € 30€peKeHHs TIOTOKY BOIH (TOOTO Jy) i TyCTHHH
noTtoky Temiaa (). Jus HamucaHHA LMX YMOB HEOOXIJHO BMITH
OMHMCYBaTH MOTOKW PEYOBHHM W TeIUia y KOHJEHcaTi, TOOTO Tpeba
BUPILIUTH JBOMIpHY 3a7ady NpO CTiKaHHS KOHJEHCATy y3JO0BXK IO-
BEPXHI OrOpoUKEeHHs. B SKOCTI TpaHUYHOi YMOBHU 10 CHCTEMH PiB-
HsAHb (2.67) — (2.69) € piBHICTb j = jy, Y AKiil BeMuKHA j BU3HAYA-
€THCS 3a JIOTIOMOTOIO CITiBBiTHOIICHHS (2.64) 3 HEBU3HAYECHOIO TEM-
neparyporo tg. [Ipu npoMy ymoBa Oe3nepepBHOCTI TEIUIOBOTO T0-

TOKY TaKoXX BHUKOHYETbCA. OCTaHHBOIO TI'PAHUYHOIO YMOBOIO
€ 3a/IaHHS 3HAYEHHS MapIiaIbHOTO TUCKY TapH Ha MOBEPXHI IUTIBKU
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xounencary: Py = Pg(ty), ne Pgy(t) sBase coboro Bimomy 3anmex-
HICTh THCKY HaCHYEHOT apH BiJ Temneparypu t.

Bupimennst cucremu piBHSHB(2.65)-(2.68) nae rycTuHy IMo-
TOKY TMapHu:
P-P
n 1(1)
P - PS (tK )

in=Iipl , (2.70)

ne Py - napiiansamii Tk napu 3a Mexxamu Judys3iiiHoro mapy;

jD — BenM4uMHA, 110 OGUHMCITIOETHCS 32 GOPMYJIOHO:

i P (D 1 @71)

D= || - :
R \T cep op

ne (D/T)cep - cepenne no qudysiiinoMy mapy 3HaueHHs Bijl-

womrerns D/T.

CrinbHuii (3 ypaxyBaHHSAM PiBHOCTI j = Jy) pO3IJisi piBHSHb
(2.64) 1 (2.70) mo3BOJsiE BU3HAYMTHUCS 3 TEMIIEPATYPOIO TOBEPXHI

wiiBku th;. Yepes Te, 1m0 KOHAEHCAlis YHCTOI Mapy MPOXOAUThH
3HAYHO 1HTEHCHUBHIINIE KOHJEHCAIlll Mapy 13 MapoIoBITPSHOT CyMi-
11, A1 pO3paxyHKy IMOTOKY Iapy MOKHA BUKOPHCTOBYBAaTH (op-
Mmyay (2.70), 6epyun B Hiil B SIKOCTI TeMIIEpaTypH 30BHILIHBOI I10-

BepXHi KOHJIeHcaTy ty, TemmepaTypy oropopkeHHs t.
VY pesynbrati B (2.70) 3aMMIIa€ETHCSI OJJMH HEBU3HAYCHHUH Tapa-

metp (muB. (2.71)) — ToBumHa mudysiiinoro mapy Op, fKa TiCHO
MIOB’sI3aHa 3 XapakTepoM OOTIKaHHS BITHOCHO XOJIOJHHMX MOBEPXOHb

NapOIOBITPSHOK cyMilmmo. Bemunna Opy 3aeKUTh SK BiJl F€OMET-

pii IMX MOBEPXOHb, TaK i Bif BuAy KOHBekIii. [l BU3Ha4YeHHS Op
HeoOXiHO a00, BUKOPUCTOBYIOUHM arapar Teopii oaiOHOCTI, 3aTydaTu
eKCIIepUMEHTANIbHI JJaHl, a00 BUPILIyBAaTH JBOMIpPHI HEJHINHI 3a/1a4l
TerIoMaconiepeHocy B OiHapHiii cymim "mapa-mositps". Ilpu
dermaTH3alili Ta raciHHI MOXEXI METOAOM po30aBJIEHHS BOASHOIO
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Maporo OUTBII MTPUPOTHO PO3TIISIATH BUIbHY KOHBEKINI0. Br3HaueHHS
T'YCTUHM [IOTOKY HApH J Y IHOMY BUIIAJIKY PO3IIISIHYTO y soaatky C.

[TincymkoBa hopmyna po3paxyHKy CEpeHbOI I'yCTUHH MOTO-
Ky [apy Ha BEpTHKaIbHIM ainsuui Bucororo L 6yne maru Bus:

0,25
. - Ar T,-T,
Jeep =—071-1077 ————— | Ar+2,1—0—¢ | ke,
L” TO’ T()
(2.72)
ne Ty — Ttemmeparypa mHapomoBiTpsiHOI CyMminn B TriIHOHHI
00’emy;

T — Temneparypa moBepxHi CTIHKH;

Ar - 3mina 06’€MHOT YaCTKM Mapy Ipy pyci cymimni 3 rauou-
HHU JI0 TIOBEPXHi KOH/ICHCATY.

V nanomy Bunajky Ar oiHIOETECS CHiBBiIHONICHHSM:

P.(t,.)

3ar

ne T - 00’eMHa 4acTKa mapy B MIIMOMHI TPUMILICHHS;
P, - 3aranbuuii THCK razy y npuMinieHHi.

SIKuo K ouiHHy Temreparypy cymimi B3t 10 = 373 K, to
¢dopmyna (2.72) cipoCTUTBCS 10

o 3 Ar
.]cep - _399 ‘ 10 LO,ZS

(Ar +5,5-107 (100- tc))”’zs, k!
(2.73)

OuianMo rycTUHy TOTOKYy. Hexaii Ttemmeparypa CTIHKA
t.=40°C, a BormeracHa KOHIEHTpallisi BOISHOI NApH CKJIanae
ri0= 0,3, ToOTO:
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P@Y 30— <023,

Ar =1y, — ~
1 p, 101,3

V Takiii curyarii gpopmysa (2.73) npu L = 1 m nae:
jeep = - 3,9:10°.0,23:(0,3 + 5,5-10760)* = - 0,78-10°, xcr-m *c .

Take 3HaYeHHS TYCTHHH TOTOKY TapH Ha TMOPSIOK MEHIIE 32
BEJIMYMHY, 110 BUXOIUTh Ha OCHOBI Qopmynu (2.64), Tobto 0e3
BpaxyBaHHs Tudy3ii mapu Kpi3b NPUCTIHHUN MOBITPsSHUI 1m1ap. He-
3Ba)KalO4M Ha 1€, KOHJIEHCAIlll0 BCe-)K TaKM HEOOXIJJHO BpaxoByBa-
TH, TOMY III0 BHECOK y 3arajibHy BUTpATy mapu, 00yMOBJICHUH KOH-
JIeHCaLlI€10, K MPaBUJIO, MEPEBUIIYE CKIAJ0BY BUTpAT MapH, CIps-
MOBaHYy Ha CTBOPEHHS BOTHETACHOT KOHIIEHTpAIIil Mapu B 00’ €Mi.

TakuM 9YMHOM, OYEBHUJIHO, 11O JJIi BU3HAYCHHS HOPMATUBHUX
napaMeTpiB MOXKEKOTACIHHS HEOOX1THO OpIEHTYBATHCS HE Ha OMH-
HOYHI JIOCJIIZIN 3 TaCiHHS, @ Ha BCTAHOBJICHHS 3a3HAUYEHHUX 3aJI€KHO-
CTeH — MUTOMOI BUTPATH i Yacy TaciHHs BiJ| IHTEHCHUBHOCTI MOzadi
BOTHEracHoro 3aco0y. BukopucTaHHS BOTHETaCHMX CKJIaJiB IpU
ONTUMAIIFHUX PEKUMaxX IXHBOI MOjAadyi i ONTUMAIBHOMY CITiBBij-
HOIIICHHI CKJIaJIOBUX KOMIIOHEHTIB 3a0e3nedye 1CTOTHE 3HMKEHHS
MTUTOMOI BUTPATH 3ac00iB raciHHA 1, OT)Ke, MiBUIICHHS X BOTHETa-
CHOI €()eKTHUBHOCTI.

KonTpoJbHi nurtanns

1. I'padiune Ta MaremMaTudyHe BiOOPAKEHHS KPUTHUYHUX
YMOB IIPUIIUHEHHS TOpiHHS. Temneparypa noracaHHs.

2. OCHOBHI METOM Ta CIIOCOOU MPUITUHEHHS TOPIHHS.

3. TlosicHUTH MeXaHi3M MPHUIIMHEHHS TOPIHHS TIPH OXOJIO-
JOKCHHI BOJIOIO 30HU TOPiHHSL.

4. TlosicHUTH 3aKOHOMIPHOCTI 3MIHU TeMIIepaTypu Ta po3Mi-
PiB Kparuti pH ii pyIIeHH1 yepe3 30Hy TOpiHHS.
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5. Sk BnMBa€ po3Mip Kparuli Ha KOe(ilieHT BUKOPUCTAHHS
BOJIM ITiJT 9aC TACIHHSI ITOJTyMs1.

6. Po3kputu MexaHi3M MPHUIHMHEHHS TOPIHHA HpPU OXOJOo-
JDKCHHI BOZIOIO ITOBEPXHEBOTO MIAPY TOPIOYOi PiIUHHU.

7. Po3kputu ¢akTopH, 110 BIUIMBAIOTH Ha KOE(DILI€HT BHUKO-
pHUCTaHHS BOJU MPH OXOJIOPKEHHI MOBEPXHEBOTO MPOTPITOTO MIAPY
PLOVHH.

8. Po3kputu MexaHi3M Ta yMOBU NPUIMHEHHS TOPIHHS BO-
JI0I0 TBEPJMX TOPIOYMX MaTepialib.

9. Oco06iMBOCTI 3aCTOCYBaHHS BOJSHOI Mapu B SIKOCTI uier-
MaTHU3aTopa.

10. Ilpu skux Temieparypax OTOpPOKEHHS ICHy€ KOHJCH-
cartis rnmapu Ha Hii?

11. Sxwuii pi3MdHMN MEXaHi3M BU3HAYAE IBUAKICTh MPOIIECY
KOHJICHCAaIlli BOJISTHOI MapH 13 MapONOBITPSIHOT CyMiri?
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TJIABA 3. IIIBUIIEHHSA BOTHETACHO{
E®OEKTUBHOCTI BOIH

IIpu raciHHi BOJ0I0, B OUIBIIOCTI BUIAJKIB, HE peayli3oBY-
I0ThCS 11 yHIKaJbHI ()i3WYHI BIACTHBOCTI BHACHIAOK PSIy NMPUYHH.
[Ilupoke BHUKOPUCTaHHA BOAM JUIs IUJIEH MOXEXOTaciHHS 1 Ipu
IbOMY JIOCUTh HU3BKUI KOEQIIieHT 11 BUKOPUCTAHHS — yCe I /aB-
HO CTIOHYKaNo (haxiBIiB ITyKaTH CIIOCOOU MiABUIICHHS BOTHETACHOT
e(eKTUBHOCTI BOJIH.

Haii0inbimuii edexT racinHs npu 1mojadi BOJU CIOCTEPIraeTh-
CsS B TOMY BHIAJIKy, KOJIU 1 OXOJOJKYIHOUUN edeKT OyJe MaKcH-
MaJbHHM, TOOTO KOJM BCSA IOJaHAa Ha TaciHHI ITOXKEX1 BoJa
BUTIAPYETHCS 32 PaXyHOK BiJIBEJCHHS TerUia BiJ (pakena MOIyM s.
Tomy npu TakoMy MexXaH13Mi MPUITMHEHHS TOPIHHA NOTPIOHO Tpar-
HYTH, II00 MaKCUMAaJIbHO MOXJIMBA KUTbKICTh BOJM BHITAPOBYBaJIa-
cs B 00’emi (pakena momym’s, a He 3a Woro Mexamu. Hemockona-
JICTh TEXHIKM 1MO/Iavl i po3NHJICHHS BOJM 0arato B YoMy 3HMXKYE ii
e(hEeKTUBHICTb.

[Tpu raciHHi ) BOJOIO IIJISXOM I0/1a4i ii Ha MOBEPXHIO TOPIO-
YuX piuH a00 TBEPAUX TOPIOYMX MaTepialliB MAKCUMAJIBHHN OXO-
JOKYI0OUni edekT Oynie CrocTepiraTucs npu MOBHOMY BHIIAPOBY-
BaHHI BCi€l MOJJaHOT Ha TaCiHHA BOJIM 32 PaXyHOK BiiOpaHHS Teruia
BiJl TPOTPITOrO MOBEPXHEBOTO MIapy KOHICHCOBAHOTO TOPIOYOTO
MaTepiany.

BorraeracHa eeKTHBHICTh BOIM 3aJICKHUTHh BiJl Py YUHHH-
KiB, OCHOBHMMH 3 SIKUX € PO3Mip Kparmeib BOAU W BIUIMB XIMIYHUX
no6aBok. ToMy MOXHa BHIUTMTH JJBA OCHOBHUX METOJM ITiABHILEH-
HSl BOTHEracHoi eeKkTuBHOCTI: 1) (pi3uunHmii — 3MiHA TUCTIEPCHOCTI
il TemMmepaTypH BOIM, IIO MOJAETHCS HA TAaciHHSA, 1 2) XIMIYHUH —
BUKOPHUCTAHHA JAJIS LIIJIEH MOKEXOTaCiHHS BOAHUX PO3UYHMHIB PI3HUX
XIMIYHHX CIIONYK.

PosristaeMo 111 MeToau OB TOKIJIAIHO.
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Po3nin 1. Pigunni po3nuieni crpymeni

[Ipu omiHIli BOrHEracHOT €()eKTUBHOCTI BOAM BEIIMKE 3HAUCH-
HSl Mae crnoci mojayi ii B ocepeiok MoXKexi - CyIIbHUM abo po3-
MTUICHUM CTPYMEHEM.

Cy1inbHI CTpyMeHi SBJISIOTH COO0I0 HEPO3PUBHUMN TMOTIK BO-
I, TII0 Ma€ BEJIMKY MIBUAKICTH 1 MOPIBHAHO HeBeNMUKUi nepetud. Li
CTpPYMEH1 XapaKTepU3yIOThCS MEBHOIO YAAPHOIO CHJIOIO 1 BEIHMKOIO
JTAITBHICTIO TIOJILOTY; TPH I[bOMY 3Ha4HI 00’€MHU BOJU BIUIMBAIOTH
Ha Maiy miomy. KoMnakTHu# CTpyMiHb, POMIIOBIIN KPi3b 30HY
TOpiHHA, HE YUHHUTH Ha Hel Mailke HiSKOTO BIUIMBY 1 caM HE BiAuy-
Ba€ 3HAYHOTO BIUTUBY ITOJIyM s, OCKUTBKH Ma€ HEBEIHKY IUIONLY I10-
BEPXHI KOHTAKTY 3 OJIYM’sIM 1 MAJIM Yac B3aEMOII.

CyliTbHAMH CTPYMEHSIMU TacsTh BEJIMKI IMOXKEX1, KOJIU TI0-
TpiOHO TOJATH BOAY Ha BEJIMKY BiJICTaHbh a00 HagaTH 1 3HAYHOT
yaapHoi cunu. Hampukinana, cyuiibHi CTpyMEHI BHUKOPHUCTOBYIOTh
MiJ] 9ac TacCiHHS TMOXEX BEITUKOI TUIOII, KOJU Yepe3 3HAYHHMA Tel-
JIOBUH BIUTMB OCEPEIIKY TOPIHHS IO HHOTO HEMOKIIMBO OJIU3BKO J10-
CTaBUTH MPUCTPIH I MOAAYl BOJH, @ TAKOX NPU HEOOX1THOCTI 3
BEJIMKOI BIJICTaHI OXOJIOJKYBaTH CYCIJHI 3 TalalouuM 00’ €KTOM
OyIiBenbHI KOHCTPYKIIii, pe3epByapu TOIIO. YJapHYy CHIIYy MOTYX-
HUX KOMITAKTHUX CTPYMEHIB BOJHM BUKOPUCTOBYIOThH IiJ] Yac raciH-
HSl BEJIMKUX PO3BHHEHUX IMOKEK MTAOCTIB ACPEBUHH, TIPH IIBOMY,
3aBJISIKU CHJIbHOMY HAaTHCKY, BOJIa MOMAJa€ BCEPEIUHY IITA0CIs, J1e
TaKOXX BiZOyBaeThCs ropiHHS MaTepiany. [1i yac racinHs ra3oBUX
(GoHTaHIB CYyLIbHI CTPYMEHI "MAIMMAalOTh" HUKHIO KPOMKY (hake-
na momym’si. el cmoci® raciHHS ¥ OXOJIOMKYBaHHS € HaHOiIbII
npocTuM 1 nomupeHuM. OJTHUM 13 HEAOMIKIB TAKOTO TPAIUIIAHOTO
crioco0y BOJHOTO TIOKEKOTACIHHS € HEpIBHOMIpHE 3pOLIyBaHHS
30HU MOXKEXKI1, IPU LIbOMY JaJIeKO HE BCSI BOJA, TUM O1fIbIle Ti MOp-
I1ii, SKi CTIKAIOTh HW)KYE 32 PIBCHb 30HU TOXKEXKI, BIUTUBAE HA TIPO-
rec ropinHda. Tak, 13 3arajJibHOi KUIBKOCTI BOJIU, SIKA TMOJA€THCA Y
BUIJISI/II KOMIIAKTHUX CTPYMEHIB, HAa TaCiHHS BUKOPHUCTOBYETHCS
ycboro BiJ 6 10 10% ii 00’emy, a B OKpeMHUX BHUINAaJKax — He Ollb-
e 1%.
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VY ocTaHH1 pOKH, 3aBISKHU MOJAIBIIOMY PO3BUTKY IPOMHUCIIO-
BOCTI i HayKH, 3’ sSBUJIACS peajibHAa MOKJIMBICTD IIiIBUIIIATH BOTHE-
racHy e(peKTHBHICTh BOJU HUISXOM i1 HEPETBOPEHHS 3 IOBEPXHEBO-
ro B 00’ €MHO-TTIOBEpXHEBUH 3aci0 raciHHs moxex. [Ipu npomy Boga
B 30HY MOXEXI MMOJAETHCS y BUJII PO3MMUICHOIO CTPYMEHs, TOOTO
OJIHOYACHO BIUIMBA€ Ha (akes MoiayM’s i roproyy pedoBHUHY, MpU-
YOMY NMPaKTUYHO OJHAKOBO €(PEKTUBHO 5K HAa TOPU30HTAIIBHY, TaK 1
Ha BEpTHKAIIBHY ii TOBEPXHI.

Po3nmnieHi cTpyMeHi — 1ie MOTIK BOJM, SKMH CKJIAaJA€Tbes 3
npiOHUX Kpamenb. PO3NuiIeHiCTh CTpyMEHIB MOAUISIOTh Ha TOHKY
mucrepcHicTs (po3mip kpamens craouts (10+100)-10° M), ce-
pemuio  aucmepcricts ((100+1000)-10° M) i rpy6y aucmepcHicTs
((1000+6000)-107° m).

Posnwmiieni crpymeHi XapakTepu3YIOThCSl HE3HAYHOIO yJap-
HOIO CHJIOI0 Ta JANBHICTIO Jii, aje 3pOIIyIOTh BEIUKY MOBEPXHIO.
[Tpu momavi BoAM PO3MWICHUMH CTPYMEHSMHU CTBOPIOIOTHCS Haii-
OUIBII CHIPUSATIMBI YMOBH AJIs ii BUIApOBYBaHHA, NP LIbOMY Bij-
OyBa€eThCs MIIBUIIICHHS OXOJIO/DKYBAIBHOTO e(eKTy Ta po30aBieH-
HSl TOPIOYOTO CEpellOBMIAa HETOpHYol0 naporo. Bigomo, mo npu
OIHAKOBIM IHTEHCHBHOCTI IOJAa4l BOAM HAa OXOJIODKEHHS MeTalle-
BUX KOHCTPYKUil cymapHUil KoedillieHT TeIIoBi1aui B pasi 3acTo-
CYBaHHSI PO3NIJICHUX CTPYMEHIB Yy JIBa - TPHU Pa3H OUIBIIHN, HIXK
IIPU OXOJIO/PKEHH1 KOMIIAaKTHUM cTpymMeHeM [30].

[TigBUIIICHAST 0XOJIOPKYBaIBHOTO e(heKTy BOJU 00YyMOBIICHO
3pOCTaHHSM TEIUIOBIABOAY 32 paXyHOK 30UIbIICHHS, B MOPIBHSAHHI 3
KOMITAKTHAM CTPYMEHEM, CyMapHOi NOBEPXHI KpaIUIkH, MO SKil
BiJI0YBa€THCS TEIUIOBIAava.

KpiM TOTO, TOHKO pO3MUIIEHI CTpyMEHI 3 KparuIsiMi BOAH Mi-
ameTpoM mpu6IH3HO 50-10° M MaloTh 37aTHICTH PIBHOMIPHO 3MO-
qyBaTH MOBEPXHI OyIb-sKO1 CKiIanHOi KOH(piryparii, MpOHUKATH B
00’eMH ¥ TIOPOKXHWUHHU, HEJOCTYIHI Uil 3BHYAMHUX CTPYMEHIB,
e(eKTUBHO OXOJOKYBAaTH pEaKUiiHy 30HY Qakena moiaym’s M
MPOIYKTH TOPIHHS. 3aBISKH PO3BHHEHIM MOBEPXHI, MOTIK TaKHX
Kpanenb 100pe norinuHae (abcopOye) yacTKu auMy. TakuM YHHOM,
KpaIUIMHU 3allOBHIOKOTh BEChb 00’€M MPHUMILIEHHS, L0 TOPUTH,
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1 3aXOIUIIOIOTHCS TA30BUMHM IOTOKAMHM, IMEPELIKOHKAIOYU MOIIH-
PEHHIO TIOKEXK] Y HampsiMax IUX MOTOKIB.

[epmri BiZOMOCTI PO YCHIIIHE TaCiHHS PO3MUIEHOIO BOOIO
HapTH B siMax BiAHOCATHCA 10 modaTky 20 cropiyus. B 30-Ti pokn
MOKEXXHOI 0XOPOHOI0 A3Ha(TH Ta I'pO3HEHCHKUM 3arOHOM IOXKe-
YKHOI OXOPOHHU MPOBOJWIIMCS JOCITIJDKCHHS 3 TaCiHHS PO3MIIICHOIO
BO/I0I0 HadTH Ta HaTOMPOAYKTIB y pe3epByapax. Lli mocmiau mo-
Ka3aJd, Mo najxardy HadTy B pe3epByapi giamMeTpoMm 4 M MOXKHA
TaCUTH BOJIOIO, 1110 MOAAETHCS PO3MUIIIOBaYaMu cucTeMu JlomaTkina
i IBaHOBA.

V¥ 40-ux pokax B LIH/ITTIO mpoBoaumucst OCipKEHHS 3 Ta-
CiHHS moyyM’si OEH3HHY, racy, Ma3yTy Ta HapTH B pe3epByapax i3
pi3HOIO TUTOmIer0. Boma po3nmiroBanachk po3MMIIIOBaYaMHU CHCTEMHU
CHuerupboBa, I[letpoBa, be3yriosa. B pe3ynbTaTi AOCTIAIB TaciHHS
nosym’st OeH3MHY He OYJI0 JIOCSTHYTO; MOJIyM’sl Tacy 1 Ma3yTy ra-
cuitocs 3a 30 - 40 c.

Y 1954 poui I'H. XynskoBum 1 1. Pocbaxom-Poroscekum
yrepie poOsiAThCs CpoOr BCTAHOBUTH MEXaHI3M BOTHETAacHOT il
PO3MUIICHOT BOAW. Y pe3ynbTaTi IUX JOCHiIPKEHb OyJI0 BCTaHOBJIE-
HO, [0 MEXaHi3M BOTHETACHOI Jii BOJY MOJSTae B Pi3KOMY OXOJIO-
JUKEHHI 30HU TOPIHHS BHACHTIOK MUTTEBOTO BHUIIAPOBYBAHHS BEJIH-
KOTO umucia ApiOHuX Kpamnenb. Kpim Toro, mapa Boau, 1o yTBOPH-
nacsi, po30aBisie KOMIOHEHTH MapoNOBITPSHOI cymimi. Yce Le B
MO€HAHH] CTIPUSIE TACIHHIO TIOTYM 51.

Posrnsgaroun B 3aranbHOMY BHUJII MEXaHi3M TaCiHHS MOIyM s
PO3MUIICHOIO BOJIOI0, MOXHA BHIUIMTH TPU XapaKTEPHI IMPOLECH.
Ile moapiOHeHHs cTpyMeHsi a00 TUTIBKM BOJM Ha KPAIUTUHHU, OCAa/l-
KCHHSI KPAIUIMH y 30H1 TOPIHHS MiJ TI€0 Pi3HUX CHJI (IHEepUiHHUX,
rpaBiTallifHUX) 1 TEIUIO-MAacOOOMIH MK KparjisiMU 1 TOJIyM’SIM.
KoxHuit 3 1IUX MpoIrieciB Ma€ BiIHOCHO CaMOCTIMHUN XapakrTep 1 €
MPeIMETOM BHUBUYEHHS Yy BEJIMKIM KUTBKOCTI TOCIITHUIIBKUX Ta Hay-
KOBHX POOIT. AJie, He3BaXKar04M Ha I1e, Ha ChOTO/HI HE Po3podiieHa
€/lMHa Teopis, sKka O JOCTOBIPHO ONMCYBaja Ha3BaHI MPOLECH, SIK
CaMOCTIHHO, TaK 1 B 3araJlbHOMY BHJIi, IO BHKJIMKAHO CKJIAIHHM
XapaKkTepoM B3aeMOJIi pi3HUX (akTOpiB y mpocTopi Ta yaci. Bee ue
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MEBHOIO MIpPOI0 CTPUMYE PO3BUTOK 3acO0IB  MOKEXKOTaciHHS,
OB’ sI3aHUX 13 PO3MUICHOIO BOJIOIO.

1.1 YsaBJieHHsI PO MeXaHi3M po3najay ILUIiBOK i CTpyMeHiB

IcHye KUIbKa TOYOK 30pYy Ha MPUYMHH, L0 BUKIMKAIOTh PO3-
najg piIMHU TPH PO3NMMIIIOBAHHI: KANUISIpHI CWIIM, TypOYJIEHTHI
myJbcallii, KaBiTallis, 30BHIIIHI ¥ 1HEpLiiHI cunu. [3 ycix cui, ski
ICHYIOTh y JBO(a3HUX CHUCTEMaX, TUIBKH CHJIM MMOBEPXHEBOTO HATS-
Iy IparHyTh HaJaTU KparuiuHi cepruuHoi Gpopmu, a 1HII CUIIH Mpa-
rHyTh ii nedopmyBatu. Ha mpoiiec po3nuiieHHs BIUTMBAIOTh TAKOX
($13UYHI BIACTHUBOCTI caMoi PIIMHU  OTOYYIOYOTO CepeIOBHIIIA.

OueBu/THO, 1110 O/THIEFO 3 IIUX MPUYHH HE MOXKHA MOSICHUTH TIPO-
1ec MmoApiOHEHHs MPHU BCIX MOYKJIMBHUX 1 PI3HOMAaHITHUX YMOBaX; Ha
MEBHUX CTIisX MOAPIOHEHHS BUPIIIAIBHOI MOXKE CTaTH Oyab-siKa 3
HuX. [IpoTe TOJOBHOIO 1 BHUPIIAIBLHOK NPUYMHOK PYHHYBaHHS
CTpyMEHS (IUTIBKH) € PO3BUTOK Y HbOMY KOJIMBAJIBHUX MPOLIECIB, SIKi
BUHHKAIOTh Yepe3 /110 30BHIMIHIX 1 BHYTPIIIHIX (aKTOpiB.

JIo 30BHINIHIX BiHOCATHCS 1HEPIIiiHI aepoAMHAMIYHI CHIIH,
AK1 MparHyTh aedopMyBaTH U po3ipBaTH CTPYMiHb (IUIIBKY). 3Ha-
YEHHS 30BHINITHIX CHJI CTa€ BEIbMHU ICTOTHUM IPU BUCOKHUX IIBU/I-
KOCTSIX BUTIKaHHS PiAuH 13 ¢opcyHOK. Jlo BHYTPIIIHIX CHII MOKHA
BiJiHECTH 30ypeHHs, 3yMOBJICHI SKICTIO BUTOTOBJICHHS PO3IUIIIOBA-
ya, ioro BiOpalisiMu, KOHCTPYKTUBHHUMH OCOOJIMBOCTSAMH TOIIIO.

MexaHi3M noApiOHEHHS PiAMHY, KA MOKHHYJIA PO3MIIIIOBAY,
3aJIe)KUTh, TOJIOBHUM YHHOM, B (POPMH BUTIKAIOYOTO CTPyMEHS i
CHIBBIJHOIIEHHS MIBHJIKOCTI CTPYMEHSI i OTOUYYIOUOTO rasy, fKi, y
CBOIO Uepry, BU3HAUAIOTHCA CHOCOOOM PpO3MUIIOBAHHS, KJIACOM 1
KOHCTPYKIi€I0 po3muioBava. [Ipu rigpaBiaiuHOMYy pO3MUIIOBaHHI
HIBUAKICTH OTOYYIOUOTO Ta3y B OUIBIIOCTI BUMAAKIB 3HAYHO MEHIIIA
IIBUJIKOCTI BUTIKAHHSA, a PIAMHA BUTIKA€E 3 PO3MUIIOBAYA Yy BHUTJIISII
HWTIHIPUYHOTO CTPYMEHSI, III0CKOi, KOJIOBO1, 200 KOHIYHOI TUTIBKH.

PyiiHyBaHHS IHJIIHAPHUYHOTO CTPYMEHS Ha KPAIUIMHU BUHU-
Ka€ BHACNIJIOK PO3BUTKY B HbOMY IOMNEPEUHHUX MPYNKHUX KOJIH-
BaHb. B OCHOBi pO3BUTKY Teopii po3namy CTpyMEHIiB JISKUTh Kia-
CMYHa T[IOCTaHOBKAa 3ajadyi, 3amponoHoBaHa Peneem, B sKiif
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nepenoayvaeThCs, MO PO3Ma] CTPYMEHS Ha KPAIUIMHU 3YMOBJICHUN
HECTIMKICTIO HECKIHUEHHOTO "CTOBMA" PiIMHU KPYTOBOTO MEPETHHY
M1 €0 CUJI TOBEPXHEBOTO HATATHEHHS.

[Tix BrmMBOM 30ypIOIOYMX YMHHUKIB YaCTKH PIAMHU, TIPHIIETIT
70 TOBEpPXHI CTPYMEHs, 3MIIIAIOThCS, MOBEPXHs AehopMyeThCsl U
BIIXIJISIETHCS BiJl PIBHOBAXKHOI (popMu. 30UIBIIEHHS BUTBHOI eHepril
NOBEpPXHI, MOB’s13aHe 3 JAe(opMalli€el0 CTpyMeHs, Be/ie 10 BUSABY il
MOJIEKYJISIDHUX CHJI, IO TParHyTh CKOPOTUTH 3arajbHy IOBEPXHIO
CTpyMeHs 1 Hajatu iif popMy, BIINOBIAHY piBHOBa31. YacTKH piuHH,
BUBEJICHI 3 PIBHOBAXHOT'O MOJ0KEHHSI, ParHyTh 3HOBY IOBEPHYTH-
cs1 10 Hhoro. [Ipoxoasun 3a 1HEpIieEr Yepe3 MOJ0KEHHs PIBHOBATH,
YaCTKH PIJMHM 3HOBY BiAYYyBalOTh JiI0 BIHOBHMX CHJI. BHacmimox
TakuxX 30ypeHb Ha MOBEPXHI CTPYMEHS BUHUKAIOTh KOJMBAHHSA, SIK1
4yepe3 iCHyBaHHS MHOKHMHM 30ypeHb MOXYTh HAKJIaJaTHUCS OJHE Ha
onue. [Ipu boMy BOHM MOXYTb 3aTyXaTH a00 3pOCTaTh B 3aJI€KHOC-
Ti BiJ (DI3MYHUX TApaMETPiB CTPYMEHS 1 HABKOJIMIIHBOTO CEPEIOBH-
113, a TAKOX BiJ YMOB BHUTIKaHHA. [3 3pOCTaHHSAM aMIUTITY/IM KOJIH-
BaHb CTIMKICTh CTPYMEHSI TOPYIIYETbCS, 1 BIiH PO3MANAETHCS HA
OKpEMi YacTKH, 110 i MPUBOMTH JI0 pO3Maxy CTPYMEHs Ha KPAIUTUHU.
Posnan crpymenst 3a Teopieto Penest BinOyBaeTbcss B MOMEHT, KOJIH
JIOBKMHA XBWJII KOJIMBAHHS TEPEBUILYE JOBXKUHY KOJIa IMEPETHHY
HEe30ypEeHOT0 CTPyMEHS.

Ha mporec posnany cTpyMeHs BIUTMBArOTh (i3W4HI BIaCTHBO-
CTi caMol PiIMHM 1 Ta30BOT0 CepeOBHUINA, 13 AKHX HAHOLIBII iCTOT-

HE 3HAYECHHS MAaOTh B’SI3KICTb |l 1 IOBEPXHEBE HATATHEHHs O piau-
HH, & TAKOX CIIBBiIHOIIEHHS I'yCTHHH PiIMHH Ppi; 1 HABKOJMIIHb-

oro rasy Pr. BinmzHaueHo, 1m0 13 30UIBIIEHHAM B’SI3KOCTI XapakTep
po3majgy CTpyMeHs 3MIHIOETHCS] — 3HUKAIOTh IMOB3/I0OBXKHI XBUII, 110
CTaOUTI3yE CTPYKTYpPY CTPyMEHs. 3 PeKUMHHUX TapaMeTpiB Ha IPO-
LeC po3Majy CTPYMEHs NOMIHYIOUMH BIUIMB BUSIBISE IIBUAKICTH
PYIICHHS CTPYMEHS PiTUHH B Ta30BOMY MOTOKY.

[Tinxin Penest Oy mommpenuit Bebepom Ha BHUITaOK B’SI3KOi
piauHU. Y 3arajJbHOMY BHUITJIKY NPH MOIIMPEHHI B MOBITPI PiauH-
HOTO CTPyMEHS B OTO CTPYKTYpPl MOXHA BHIIIMTH HACTYIIHI Xapa-
KTepHI YaCTUHH: KOMIIaKTHA, PO3piOHEHA 1 pO3MHJICHA.
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BebGep BH3HAUMB 3aNEXKHICTh JOBXKHUHU CYIUIBHOI YaCTUHU
CTpYMEHS Bil YMOB BUTIKaHHS 1 (Di3MYHHX BIACTUBOCTEH PiAMHU.
ExcriepMeHTaIbHO BCTAHOBIICHO, 11O MPH IIBHJKOCTI BUTIKAHHSA
cTpyMeHst B atmocdepy 1o 30 M-C" JOBXHHA KOMIIAKTHOI YaCTHHH
L 36inbuiyerses 3 migBuIneHHsM NIBUAKOCTI BUTIKAHHS, a IPH 3Me-
HIIIEHH1 — CKOPOYY€ThHCA.

[ToctymoBe 30inbIEHHS MIBUAKOCTI BUTIKAHHS 3 HACAJKH
CIOYATKy MPU3BOIUTH IO OCECUMETPUYHOTO, a MOTIM J0 XBHJICIIO-
TIOHOTO PO3Maay CTPYMEHs, B OCHOBI SIKHX JIKATh Pi3HI MEXaHI3MH
po3maay CTpyMeHs Ha OKpeMi KparumHHu. J[oBXKWHA CYILUIBHOI i-
JSTHKWA CTPYMEHS MPH OCECUMETPHUYHOMY po3Majii MOke OyTH BH-
3HAYCHA 3 BUPA3Y:

0,8
Ppin d; 1, 1 +/PpinCHpin

go 250 iy

L=22,4d (v-v, , (3.1)

Ie Vg — IoYaTKOBA MIBUIKICTh BUTIKAHHS PIAMHH B aTMOC)EpY;

d. — niamerp dopcynkmu;

O — KoediIEHT TOBEPXHEBOTO HATSTHEHHS;

Hpig — Koe(illieHT AMHAMIYHOI B’ SI3KOCT1 P1IUHU;

€ — IPUCKOPEHHSI BIIBHOTO A {IHHS.

Posnan camux kpamnens (To6To 0e3mocepeHb0 PO3IMUIICHHS)
TaKOX 3aJIC)KHUTh BiJl MBUIKOCTI BUTIKaHHSA. [Ipu maniii mBUIKOCTI
KparuIMHU HE JAPOOJATHCS W 3aXOIUTIOIOTHCS TOBITPSAM. [3 30171b-
HICHHSM MIBUIKOCTI KPaIUTMHU BTPAYalOTh CTIMKICTD 1 pO3MaJar0Th-
cs Ha Oumein ApiOHI. [Ipu mAyke BENMMKUX MIBHAKOCTIX KparInHa
i BIUIMBOM Tepenay THCKY Ha ii IOBEpXHI yTBOPIOE TiJIO, CXOXKeE
Ha EJIICOi/l, SKUH MIBUJKO CIUTIOIIYETHCA B LIEHTPl U MEPETBOPIO-
€TbCS Ha piAKe KUIbLIe 3 TOHKOK 000J0HKOM0. [liamerp Kinblis Bce

30UTBITYETHCS, TMICIISI YOTO OCTAaHHE PYWHYETHCS 3 YTBOPEHHAM O€3-
T4l HaRAPIOHIINX Kparelb.
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VY OuIbLIOCTI BUMAJKIB MPOLEC MOAPIOHEHHS Kpanelb 1 CTpy-
MEHIB PIIMHHA MPUAHATO PO3TISAATH 3 MO3UIT BIUIUBY aepoanHAa-
MIYHHUX CHJI, IO 1e(hOpMYIOTh KparuinHU. 3 Teopii pOo3MUIICHHS pi-
JMHU BiJIOMO, 11O TIOAPIOHEHHS CTPYMEHsS 1 BEJIMKHUX Kpareib I0-
YUHAETHCA 3 MOMEHTY, KOJM CHJja OIOpY CTa€ PIBHOK CHIJIl HO-
BEPXHEBOTO HATATHEHHSI.

Kparuna piguHu, 1o JeTUTh OKPEMO, 3HAXOAUTHCS MiJ| JIIE0
CHJIM TSDKIHHS, CHJI OTIOPY TIOBITpS 1 KaNIIPHUX CHJI, SIKi, BHACIIZOK
KPHUBU3HH KpPAIUTMHU, CTBOPIOIOTH B CEPEAMHI Hel NesKUiA HaITUIIKO-
Bui TUCK. Lleit Trck Bu3HauaeThes 3a popmyioro Jlarmmaca:

ne dy - niamerp KparmHu.
Cuia KanIapHOro HATATHEHHS BU3HAYAETHCA 32 (POPMYJIIONO:

Fyar=— 1 nod), . (3.2)

[Ipu magiHHI Kparuii mijg Ai€l0 CHIW TSHKIHHS B PI3HUX TOYKaX
il MOBEpXHi CTBOPIOETHCS PI3HUI THCK. BibIINI THCK YTBOPIOETHCS
Ha JIOOOBUX AUISHKAX KparuinHU. JIOOOBHH oOmip BU3HAYAETHCA CY-
MOIO Omopy TepTs i omopy Tucky. [lepma ckinagoBa oOymoBiIeHa
TEPTSAM Ha TPAHMIII MIXK KpaIjiero ¥ CepellOBHUINEM 1 Jli€ B MeXKax
MPUKOPJIOHHOTO IIapy, Jpyra — HAsSBHICTIO BIAPUBHHUX TeUill 1 pi3-
HUIICI0 TUCKY B JIOOOBIH 1 KOpMOBIiil yacTuHax KpariuHu. [ToBHui
OITip MOYKHA BU3HAYHTH 32 popmyrioro (2.13).

BHaciok pi3HMII THCKIB ycepeluHl Kpalll BUHUKAa€E pyX pi-
JIHU, Kparwis 3MiHIOE GopMy 1 pyHHY€EThCS, TIePETBOPIOIOYNCH HA Be-
JIMKY KUIbKICTh ApiOHMX KparuiiH. PyiiHyBaHHS BiOyBa€eThCs 10 THX
mip, TOKM HE BCTAHOBUTHCS PIBHOBAra MiK KalULIPHUMH CHIIAMA
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1 IMHAMIYHOIO €10 MOBITPS HAa MOBEpPXHIO Kparui. Tofi, 3 ypaxyBaH-
HsM (2.13) 1 (3.2), MoxHAa 3amicaTi YMOBY piBHOBArd SIK:

2 2
cmnd,= %X, (3.3)

ne  d,— moyaTKoBuii JiaMeTp BEIUKHUX KparieJib;
d,. - niameTp po3nuIEHHX Kpaneib,
Pr - TYyCTUHA Ia30BOT0 CEPEOBUILA (IIOBITPS);
Cy - koeirieHT 1060BOTO OTOPY;

W - mBHaKicTh HE30YPEHOTO TA30BOI0 TIOTOKY.
3 Bupa3y (3.3) MO)KHA BU3HAYUTH J[iaMEeTp PO3MIICHOT KparuTi
AK:

(3.4)

3BiJIKM BUJHO, IO 13 3POCTAaHHSM BiJHOCHOI MIBUJIKOCTI Ta30BOTO

notoky W (260 HIBUIKOCTI TOLIMPEHHS CTPYMEHS PiJMHKU a0o Be-
JIMKUX Kpareib) AiaMeTp PO3MUICHOT KPaIUTHHHA 3MEHIITY €ThCSI.
VYkazanuil miaxiag € BeIbMHU CHPOLICHUM, OCKUIBKH THOAPIO-
HEHHS BEJIMKHMX Kpareyb € 0araronapaMeTpUIHUM MPOIIECOM, TIPO-
TIKaHHSI IKOTO 3aJICXKHUTh BiJ O€37i4i pi3HUX (HaKTOPIB.
CrmiBBiTHOIIEHHS! MK THCKOM, SIKM CTBOPIOETHCS IIBUIKIC-
HUM HaropoM, 1 THCKOM, IIO0 CTBOPIOETHCS MOBEPXHEBUM HATSTOM,

nae Oe3po3mipauii kputepiii Bebepa We:

2
_ Ppin Wody
20 '

We (3.5)
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Posrnsaatoun aepoarHaMiuHy Jil0 Ta3y Ha KparulMiHH 1 Bpa-
XOBYyIOUM KpuTepiii Bebepa 3a BU3HauabHUI B IbOMY TIpoIieci, Oa-
raTo aBTOPIB MPOIOHYIOTh YCTAHOBUTH KPUTHUYHE 3HAYEHHS IL[bOTO
napameTpa, SKHA BIINOBITAa€ BUIY DIIUHH, IO PO3MHIIOETHCS.
PyiiHyBaHHS Kpamesnb 1 CTPYMEHIB PIIUHU BiI0OYBa€ThCS 32 YMOBH,
mo uucio Bebepa nepepuiye aeske KpUTHYHE 3HAUCHHS:

We >We,,,.

Hanpuxman, M.C. Bonuncekwii [31] HaBoguTs Taki naHi. Komm
yuciio Bebepa MeHIne aecsaT, Kparuist 3aJIMIIA€ThCS IUI00; SKIIO YH-
cio Bebepa nOpiBHIOE AECSATH, TO BUHUKAE PO3JIBOEHHS; NPH YHCIHI
We 1poxu GibIioMy 3a J€CSTh — Kparuis po3MaJacThCs Ha KiJbKa

BEJIMKHX, TPUOIM3HO PiBHUX yacTuH. SIkimo uncio We nocsrae 14,
BII0yBa€ThCS NEPEXil A0 PeKUMY PO3MUIIOBAHHS: KPAIUIMHH, SIKI BU-
HUKJIM B pe3yJbTaTi po3Majay, MalTh PO3MIPH, HA TOPSIOK MEHII,
HIK y BUX1JIHOT kparuHH. [Ipu 3poctanHi uucna Bebepa Outbiue 14
(3aKpuTHYHA 00JIaCTh) KPAIUTMHHI OCKOJIKA BCe OLTbIIe TMOoApiOHEO-
IOThCS.

Jnst oOrikaHHS cepu OTPHUMAHO KPUTEpialbHY 3aJeKHICTH

yucIia Wer BiJ mapamerpa A, Ha3BaHOIO Kpumepiem cmiiikocmi
Kpaniunu:

2
Wer = 1 : Relch : Fr ) ppm A > (36)
2 Hpin Pr
2
_ upi}l o o .
ne A =————— — Kpurepiii CTIiKOCTI KPAIUIUHHY;
O Ppix Ak

W — Koe(iLieHT TMHAMIYHOI B’ I3KOCTI Ta30BOT0 CEPEIOBUILA;

Mpix — KOCOILIEHT IMHAMIYHOT B’SI3KOCTI PiAUHH.
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Opnak moTpiOHO 3a3HA4YMTH, 10 uyucio Bebepa He enuHwMiA
KpUTEPiil, AKHil BU3HAYa€ MOBEAIHKY KPAIUIMHU B Ta30BOMY IOTO-
Ky. B 3anexHocCTi BiJl yMOB IIPOBEECHHS €KCIIEPUMEHTIB, HOTO KpH-
TUYHE 3HAUYEHHS MOXKE 3MIHIOBATHUCS B JOCUTH IIMPOKOMY JTialia3oHi

Wer = 3+25. YV 3arajbHOMY BHIIAJIKY Wer 3QIICKHUTH  BiJ[
B’SI3KOCTI PIJIUHU, JlaMeTpa KPaIUIMHH, a TAaKOX BiJl 4acCy BIUIMBY
ra30BOTr0 IMOTOKY Ha KPAruInHy.

Ha xanp, xapakrep 1 MOXKJIMBI PI3HOBUIM PyHHYBaHHS Kpa-
MeIb 1 CTPYMEHIB PITMHU B Ta30BOMY IMOTOKY 1 CIIEKTP YacTOK, IO
BUHUKAIOTh BHACIIIOK pyHHYBaHHS, TEOPETUYHO MOKU MIE JOCIHIi-
JUKeH1 HEeJIOCTaTHBO. Y 3B’SI3KY 3 IIMM €IUHO HAIIHHUM JKEPEeIoM
1H(opMarii mpo MOBEAIHKY KPAIJIMHU € EKCTICPUMEHT.

OCKUIbKHM TOYHE BU3HAUYEHHS po3MipiB Kpareb, 110 yTBOPIO-
I0TBCS TIPU pOSl‘II/IJ‘IeHHl BOJISTHUX CprMeHus YCKIIa/IHEeHO, pe/IcTa-
BJISIE IHTEpEC OLIHKAa MiHIMaJIbHOTO W MaKCHMAaJIbHOTO JiaMETpiB
Kparnenb, sKi yTBOPIOHThCA. MiniManbHuit Api,, MakcuMmanbHU

pmax 1 cepenniii deep MiameTpn kparmens MOXyTh OyTH BH3HAUCHI
HACTYIIHUM YHHOM:

B
dmmzdo ﬂ >
1
B3
dmax=d0 3 g

dep=d, 09B3 e

ne:  d, - miameTp NepBUHHUX Kparesb MPH PO3Majli CTPyMEHS;

B = 0,38 — excniepumenTanbHMI KOEQiLieHT.

B 3anexHoCTi BiJl cepeHbOro IiaMeTpa Kpameib BOAU dcep
e(eKTHBHICT TaCiHHs Oy/ie Pi3HOI0, TOMY HEOOXITHO PO3TIISTHYTH TTH-
TaHHS BIUIMBY pO3Mipy Kparesb Ha BOTHEracHy e(peKTHBHICTb BOJIH.
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1.2 BniuB po3Mipy Kpamne/jib Ha BOTHeracHy e(peKTHUBHICTh
BOIM

Bigomo, 1o nmpu moaadi BOAU POMHUICHUMHU CTPYMCHSIMH 32
paxyHOK 3MEHIICHHS JllaMeTpa KpalUIMHU CKOPOUYY€EThCS Yac BUIa-
POBYBaHHSI, 30UIBITY€THCS KOSPIIIEHT TEIUTIONEpe1adi i THM CaMuM
HiBUIY€EThCS  OXOsokKytounil edexr. Kpim Toro, 3a paxyHok
YTBOPEHHS TOCUTh BEJIHMKOI KUTBKOCTI apy BiOYBA€ThCS 01aTKO-
Be po30aBJeHHs roproyoro cepeaosuiia B noiaym’i. Tak, B [32] 3a-
3HAYA€ThCS, M0, 3MEHIIMBIIM J[IaMETp Kpameib Yy PO3NUICHOMY
CTPYMEHIi, MO’KHA 1ICTOTHO 3MEHIIIUTH BUTPATY BOJM Ha TacCiHHSA TIO-
xexi (puc. 3.1).

' 6
dicep, 10 M
ropiHHg

400

3001 raciman
2010 1

KPHTH'IHA
100 7 MACA

t t t t t 1 -
2 4 6 8 10 12 I gr.owim?

Puc. 3.1 — BruiuB giameTpa Kparesib Ha HEOOXiAHY T'yCTHHY
3pOLIYBaHHS

PosristneMo O11bIII IeTaTbHO MPUPOTY IIHOTO SBUIIA.

Ter1o, 1110 BIABOAUTHCS 13 30HU PEAKIIii TOPIHHS, BHACIZIOK KOH-
BEKIIMHOT audy3ii MIBOAUTHECS 10 MPUKOPIOHHOTO Iapy Kparuii, a
3BIJITH TIEPEHOCUTRCS BeepeuHy Kparuti. KinbkicTh Temna, mo Biaou-
Pa€eThCsI TUIOM BiJl TA30BOTO CEPEIOBUINA, OTIMCYEThCS PIBHIHHSIM:
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Q=18 a (T, -T,), 3.7)

Jie T —d4ac KOHTAKTYy TiJIa 3 Ta30BUM CEPEIOBHUIIEM;
S — noma noBepXHi KOHTAKTY Tijia 3 Fa30BUM CEPEIOBHIIEM;

T} — TeMneparypa ra3oBoro cepeoBuINa;
Ol — KoeiIlieHT TeIUIOBiIIaui;

T,; — nouaTkoBa TeMmeparypa Tijia.

301IbIICHHS TUIOII TTOBEPXHI KOHTAKTY PO3NUICHOI PIIMHU 3
BHCOKOTEMIIEpAaTypHUM TrazoM (¢akemom momxym s), 3rigHo (3.7), 3a
IHIIUX PIBHUX YMOB NPHU3BOJIUTH 10 30UIBIICHHS KUIBKOCTI TEIUIa,
110 BiIBOJUTHCS B OJMHUIIIO Yacy.

[Ipu ogHaKOBIM MacoOBiil BUTpaTi PiIUHM 13 3MEHIICHHSM Jlia-
MeTpa Kpareiab 30UTbIIYEThCSA iX MUTOMA MOBEPXHS, a, OTKe, 30i-
JIBIIY€THCS TIOBEPXHSI KOHTAKTY PO3MHUJICHOI PIIMHU 3 PO3KAPCHUM
ra3oM B OCEPEIKY MOXKEKi:

m .
=ndﬁﬂ=n

S . =S..n
2 TBix KUK . 7ndeK deK

e Syppiy — CyMapHa IUIOIIA [OBEPXOHb KPAIellb y PO3IHICHO-
My CTpyMEHI, 1110 Oepe y4acThb B MPOLECi TeMI000MiHY;

Sk — cepenns moma noBepXHi OAHiET Kparui;

N — YHUCIO Kpameilb y PO3MWICHOMY CTPyMEHi, 1o Oepe
y4acTh y MPOLEC] TEII000MiHY;

Mpjy — Maca piIMHY, [IOAAHOI y BUIJISI POSHUICHOTO CTPY-
MCHSI;

M, — cepenns Maca ofHi€l Kparui.

3rigao (2.23), HaOLIBII TPUBAJIMM HPOIIECOM, IO BigOyBa-
€THCS 3 KPAIUTMHOK y (hakesi mojayM’si, € TPOIeC BUMIAPOBYBAHHS.
OCKiJIbKM BUIAPOBYBAHHS € CHIOTEPMIYHHM MPOIECOM, OTKE
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IHTEHCUBHICTh BiJIBEJICHHS Terjia Bia ¢akena MoIyM’sl 3alle)KHUTh
BiJl IIBUAKOCTI BHIIApOBYBaHHs KparuiiHu. CepeiHio IHTCHCHB-
HICTh BIJBEJICHHS TEILIa OJMHUYHOIO MACOI0 BOJY MOKHA BU3HAYH-
TH 31 CITIIBBIAHOIIICHHS:

dQ _ Hpun
- s
dt  Tgun
ne Hgy — xinbkicTs Temna, sky moraunae 1 Kr Boau mix 4ac

BUTIAPOBYBAHHSI.

UYac BHUIapoByBaHHS, 3a KWW Kparuis BOAM BilOepe BiJl 30HU
TOPIHHS MaKCUMAaJbHO MOXJIMBY Il HEl KIIBKICTh TeIUIa, 3aje-
KHUThb BIJl TeMIepaTypu 1 MMIBUAKOCTI Ta30BOr0 TMOTOKY (JIMB.
(2.22 0)), anme HaWOLIBIN CYTTEBUMA BIUIMB YMHHUTH MOYATKOBHM Jlia-
meTp kpamii. Tak, 30UIbIIeHHS JiaMeTpa Kparull Ha MOpSAOK MpH-
3BOJMTH JI0 30UTBIICHHS Yacy BUIIAPOBYBaHHS Ha JiBa MOPSIKU. B
[33] Bim3nauaetbest, 1o npu temmeparypi 100°C kparuti Boau jia-
metpoM 2010 m; 40-10° m; 120-10° m Bumaposyorscs 3a 0,05 c;
0,27 ¢; 1,6 ¢ BigmoBigHo. OTXKe MIBUAKICTH BiABEAEHHS TEIIa BiJ
30HU TOPIHHS TaKOXK OyJie 3aJie)KaTH BiJI PO3MIpY Kpameib BOJIH.

H
BpaxoByroun, mo T = punPr 2, pi3HULIIO

BHUII — 27\,r (Tr —TO) K

(T, —T,) moxna saminutu na Ty, orpuMyeMo HacTynHy 3ajex-
HICTb:

dQ AT, 1
dt  2py dlzc

(3.9)

30UIbLICHHS TEMIEepaTypH W HIBUAKOCTI PYIIEHHS Ta30BOrO
MOTOKY MPH3BEJIE 10 301IbIIICHHS IHTEHCUBHOCTI BIIBEJCHHS TEIUIA.
Po3paxyHku MOKa3yroTh, IO MPU PO3MUICHHI | T BOAU HA Kparliu-
Hi miamerpom 10° M y cepemoBumi 3 temmeparyporo 1000K i

Ar=92-107 Br-m K (mBmaxicts ra30Boro motoky He HepeBHIILye
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1 mc'), cepenns iHTCHCHBHICTb BiIBeICHHs Temma Oyje piBHA
0,5 xJIx-¢”'. [Ipu po3MHICHH] BOAM HA KparuHu giamerpom 10 m

d .
d_Q =50 k/Ix-c’, a pO3NUI Ha KpaIrjuHU 10° M 3abe3mnevye iHTe-
T

HCHBHICTh BiABeZeHHs Teruia mopsaky 5000 KI[;K-C'I. o 3amex-
HICTh MO’KHA B1100pa3utu rpadivHo (puc. 3.2).

dQ/dt, kBt
1800

1600
1400
1200
1000
800
500
400
200

D----.----.----.----.----.---d,]b[l'-.-[
0.05 0.1 0.15 0.z 0.25

Puc. 3.2 — 3anexHicTh KiJIBKOCTI TEINIA, 10 BiIBOIUTHCS
MIpY BUNIAPOBYBAHHI, B/ JlaMeTpa Kpareib

KinpkicTh Tema, mo BiAOMPAETHCS BOASHUM CTPYMEHEM BiJl
30HU TOPIHHS, 3aJE€KUTh TAKOXK BiJ] 4acy B3a€MOJIl BOTHEracHOI
PEYOBUHHU 3 TOJyM M. Y KOMITAKTHOTO CTPYMEHS TEIIOoBa i aepo-
JUHAMI4YHa B3a€EMOJIs 3 (akenaoM MojyM st Iy’ke Majia; Ouibiua — y
PO3MUIICHOTO CTPYMEHS, I11e OUTBINA - Y TOHKOPO3IUICHOT BOJIH.

Yac B3aeMOi1 Kparenb piIuHU 3 Ta30BUM CEPEIOBUILEM 30HU
ropiHHs T OyJe 3ajexaTH B IIBUAKOCTI 1 TPAEKTOpIi PyLICHHs
KparumHy B 00’ emi momym’s1. [IpoHrKaroda 31aTHICTD PO3MUIICHUX
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CTPYMEHIB BU3HAYA€ThCS X HATUCKOM, KYTOM HaXHIIy IMOKEXKHOTO
CTBOJIA JI0 TOPU30HTY (g, MIAHOMHOIO CHIIOIO TIOBITPS 1 ra3onozio-

HMX MPOIYKTIB 3ropstHHs, po3mipom kpamnenb dy. ITigiioMua cuna
MOJTyM s 3yMOBJICHA TEIIJIOBOKO KOHBEKITIEIO 1 MPOIMOPITiHHA BUCOTI
nonym’s. HaTuCk cTpyMeHsi BH3HAYA€ThCS MIBHAKICTIO PYIICHHS

kpaneinb Wy, i IOTOKY MOBITps, 10 3aXOILIKETLCS HUMH; BiH OLli-

HIOETHCS 32 PEAKLIEI0 HACAIKH, 13 KO BUKUAAETHCS CTPYMiHb.
TpaexTopist pylieHHS KpalUIMHH PiAMHU B Ta30BOMY CEpEO-
BUII[I BU3HAYAETHCS MI€I0 CHIIM TSOKIHHS, CHJIM T1APOJAHMHAMIYHOTO
OTIOpYy, PEaKTWBHOI CHJIM, 3YMOBJICHOI BIITOKOM HAarpiTMX rasiB

[34]. PiBHsIHHS pYyLIEHHS KPAIUIMHU B IIbOMY BUIIAJKY Ma€ BUJI:
dw, _. 1II ~ - \dInM .
—=g+——( )—, (3.10)

dr M, dr

—

ne W, — BeKTOp IIBHAKOCTI KparutiHd B JlekapToBiil cuctemi
KOOpIHAT;
g — BEKTOD NMPHCKOPEHHS BUILHOTO Ma/IiHHS;

I1 - cuna onopy nosirtps;

V — BekTOp MBHMAKOCTI, i3 KO BHUTIKa€ Ta30BUil MOTIK Bix
30HH FOPiHHS.

[Tix BIUIMBOM TEIUIOBOTO TMOTOKY JliaMEeTp KpaIIMHA MEHIIIA€e
3a paxyHOK BHIIApOBYBaHHS, a Temreparypa 30uiblryeTses. Toni
PIBHSIHHS OaJlaHCy Macy W €Heprii 3alUCYIOThCS TAKUM YHHOM:

ddy _ _ 2in , (3.11)
dt Ppin

T, 6(q—cpi Ty )

dT,, __ (q pin KJ]I)’ (3.12)
dt PpinCpindi
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IS le — I'yCTHHa MaCOBOTI'O IIOTOKY I1apu;

(] — TYCTHHA TEIUIOBOT'O MOTOKY.
[Tpu BupimenHi cucremu piBHsAHB (3.10) — (3.12) 1 TpaexTop-
HUX PIBHSHb

dx dy dz
= Y¥kx> a=wlcy’ E=WKZ’

dt

MO’KHa OTpUMAaTH 4Yac BUIIAPOBYBAaHHS KpAaIUIMHM BOJH, BIJICTaHb,
Ky TPOXOJIUTH Kparuisi J0 TOBHOTO BHUIApOBYBaHHS abo 110 oci-
JTaHHS Ha TIOBEPXHI Najlaloyoro mMarepiaiy, a TaKoxk 3MiHy JlaMeTpa
1 IMBHUJIKOCTI KPaTUTHHH.

[IpoBeneni po3paxyHKH MOKa3ajiu, IO KpaIluIMHU 3 JlaMeT-
poM Bix 200-10° m 1o 800-10° M, TIOJIaH1 B TIOJYM 51 3 CEPEIHBOIO
temneparyporo 1100K mig kyrom 15° 1o ropusonry 3 Bucoru 1,5 m
i3 WBHAKICTIO 25 M-C', BHIIAPOBYIOTHCS IIIKOM 3a YaC PYIICHHS y
dakeni moym’si, MPOXOJASTYN TPH IIbOMY BijcTaHb Big 0,6 10 5 M.
Kpamti 3 giamerpom Ginbime 3a 10 M He BCTHTarTh MOBHICTIO BU-
napyBaTHCs i IPOJIITAalOTh 30HY TOPiHHS "HACKPi3b'.

B 3anexxHOCTI Bij MIBUAKOCTI TOJBOTY, CEPEAHBOTO JiaMeTpa
Kparnesnb 1 KyTa [oj[aqi po3MuJICHOTO CTPYMEHS, 3MIHIOEThCSI TAKOXK J1a-
JIBHICTh TIOJIa4l CTPYMEHSI BOTHEracHOro 3acoOy. 3riiHoO 3 poOOTOr0
[35], manpHiCTh MOaYl MOYKHA BUPA3UTH HACTYITHUM PIBHSHHSIM:

2
Py 4 wa |2 Pk 2
L= -2 | a*-we| 2P (wi.d2 .sin2p -
moa AGK K K gAGK K K Z(P
P42 w2,

Ao,

BanexHiCTh JaTbHOCTI TMoadi po3nuiaeHoro crpyMeHst Loy

Bin nmiamerpa xpanensb d, i moyatkoBoi mBHAKOCTI Kpaneiab Wi
IpejcTaBiIeHa Ha puc. 3.2.

120



o, M

30T
2514

20

|
20 40 60 80 100
Puc. 3.3 — 3anexHicTh JaTbHOCTI MOAAY1 PO3MIJICHOTO CTPYMEHS
B1J1 IIOYATKOBO1 IIBUIKOCT1 Kpanenbz
1- de=150-10°m; 2 —dy=100-10° m; 3 — dyc = 50-10C m.

TakuM YMHOM, TPOHWKAIOYA 3JIaTHICTh CTpyMeHs yOyBae i3
3MEHIICHHSM HAaTUCKY CTpyMEHs M po3Mmipy kpamenb. s miaBu-
HICHHS JAJIbHOCTI Mo/1a4i HeoOXiTHO 301IbIITyBaTH MOYATKOBY IIBH-
JKICTh Kpamesb, KpiM TOro, ajs e()eKTUBHOIO TaciHHs HEOOXiJTHO
OTPUMYBATH KpPAIUIMHU Y By3bKOMY Jiara3oHi 3HaueHb. Y 3aJIeKHO-
CT1 B1JI HATUCKY CTPYMEHS 3MIHIOETbCS i ONTUMANIbHUM PO3MIp Kpa-
nenb;, Tak, npu Hatucky 2,6 klla onrumansaumii d mopiBHIOE
300-10°° m. ITpu miamerpi kpamens Bume 3a 800-10° M npoHukaroua
3IaTHICTh CTPYMEHS MaJIo 3aJICKHUTh BiJ] HOTO HATHCKY.

I3 3MeHIIeHHsM JiameTpa Kpareiab KOe(]illieHT KOPHUCHOTO
BUKOPHUCTAHHS BOAM MiABUIILYETHCS TAKOX Yepe3 Te, 1110, 3TiTHO 13
3anexHicTio Pannia—Mapiana [36], koedilieHT TerioBiaaaqi Mix
Kparuiero 1 rapsiauM ra3oM MPHU bOMY 301IbIITY€ThCS:
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A
a="T12+0,6-
d

0,33
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e Ol — koe(ilieHT TerIoBiiaayl Bij ra3y A0 KpariiHU piIUHU;

A — KOeillieHT TEMIONpPOBIJHOCTI ra30BOr0 CEPEIOBUINA;

W — Koe(iLieHT TMHAMIYHOI B’I3KOCTI Ta30BOT0O CEPEIOBHILIA;

W, — BilHOCHA IIBUIKICT PYILIEHHS KPAIUIMHK B Fa30BOMY MOTOKY.

3 Bupasy (3.13) BurummBae, mo TEIIOOOMIH MiX Kparuiero i
BHCOKOTEMIIEPATyPHUM Ta30BHM ITOTOKOM 3pOCTAE 13 30UTBIICHHSIM
BiJTHOCHOI IIBUAKOCTI KpaIUTMHH 1 OyJleé TUM IHTCHCHUBHIIIE, YHM

MEHIIIe ii JiaMeTp.

Ha puc. 3.4 mpeacTaBieHa 3alekHICTh Koe(illieHTa TETUio-
BiJIa4i BiA JiaMeTpa Kpareib 1 MIBUIKOCTI KPaIUTMHHOTO MOTOKY,

Ky 100y 10BaHO 32 piBHSAHHAM (3.13).
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Puc. 3.4 — 3anexHicTb KoedilieHTa TEII0B11a4l BiJl HArpiTOro
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ra3y J0 KparuiiHU Bij AiaMeTpa KPaIuluHU 1 BITHOCHOT

MIBUIKOCTI IIOTOKIB
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3i 3MeHIIEHHsIM PO3MipiB Kpamens Hikde 3a 150-10° m Bin-
OyBaeThCs pi3Ke 30UIbIIEHHS 3HAYCHHS Koe(illieHTa TeTIoBiaIayi.
36LIbIICHHS] [BHAKOCTI PO3MHICHOTO CTpyMeHs 3 50 m-c' 1o
100 m-c™! MPU3BOIUTH A0 301IbIICHHS Koe(illieHTa TEeIIoB1A1a4l Ha
5-10 %.

Taxkum unHOM, KinbKicTh Temna Q, mo BinBoaUTLCA B O1MHH-
IO Yacy, MPpsSMO 3aJIEKUTh BiJl BIJIHOCHOI IIBHAKOCTI KpaIrJIMHU

W, i 3B0poTHO mpomnopiiiiina kBaapaty po3mipy Kpanenb A .

Tak, B [17] HaBeneHi naHi, 13 AKMX BHUILIMBAE, IO | M BOJH,
PO3MIWICHOT Y BUI Kpareib JiaMeTpOM 0,3-10"3 M, BijiOupae B 5,42
pasu Oinblle Terwia, HOK Ta K KUIBKICTh BOJH, PO3MUJICHA Y BHII
Kparenb 3 JAiaMeTpoM 1-107 M pHU TeMIIepaTypi ra30BOr0 Cepejio-
Buiia 573 K.

TakuM YWHOM, TpPU BUKOPHUCTAHHI PO3MUICHUX CTPYMEHIB
CTBOPIOIOTHCSI HAWOUTBII CIIPUATIMBI YMOBH Juis racinus. lle Haii-
OLIIBII TOBHO BiJIMOBiAA€ MOHATTIO 00’ €MHOI MMOAa41l PiAKOTO BOTHE-
racHoro 3aco0y B 30HY TopiHHs. [Ipu 00’eMHOMY METOMI TaciHHS
HaWOUIBII JOLIFHO TOJABAaTH BOTHETAaCHUM 3acid y 30HYy MpOTi-
KaHHS XIMIYHUX peakuiid ropiHHs "o00’e€MHO", TOOTO 3alTOBHIOIOYN
HUM MaKCHMaJlbHO MOKJIMBY YACTUHY 00’ €MY MOIyM .

[Ipu racinHi TBEpAUX rOPIOYMX MaTepialliB 3aCTOCYBaHHS BO-
1Y 3 OUTBIT BUCOKUM CTYIIEHEM AUCTIEPCHOCTI J03BOJISAE 301IBIIATH
e(eKTUBHICTh FaCiHHA HE TIJIKHU 33 paXyHOK pPi3Koi iHTeHCcUdiKarii
MPOLIECY OXOJIOKEHHS 30HU MOJIYM SIHOTO TOPIHHSA, aje, KpIM TOro,
npiOHI KparuHU BOJM, JlaMeTp SKUX MOPIBHAHHUNA 3 JiaMeTpoM
1op 1 TPILIUH, 110 HASBHI Ha BUCOKOTEMIIEpATypHiil MOBEpXHi BY-
TULIs, TPOHUKAIOTh BCEPEIUHY BYTUIHHOTO IIApy, A€ H BUMAPOBY-
I0ThCS, JIIKBIIYIOUM TeTepOreHHe ropiHHA. BumnpoOyBaHHS iMIyJIb-
cuoro BorueracHuka IFEX-3000 moka3anu, 1110, 3aBISKH BHCOKIH
HIBUAKOCTI OTOKY po3nuieHoi piguau (100+150) M-C', lepeBHHa,
TEKCTUJIb, OABOBHA Ta 1HII BOJIOKHUCTI MaTepiajii HAMOKAIOTh Ha
3HAa4YHy TIIMOMHY, IO ICTOTHO MiJABUINY€E €(PEKTHUBHICTh TaCiHHS Ja-
HUX MaTtepiaib.
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["aciHHS pO3NUICHUMHU CTPYMEHSIMH Mae€ psijl IepeBar:

— abCOJIOTHA EKOJIOTIYHA YUCTOTa BOTHETacHOi pPEYOBUHH,
BiJICYTHICTb 030HOPYHHYIOUOTO €PEKTY i TOKCHIHOCTI;

— BIJICYTHICTh IIKIJIMBOTO BIUIMBY Ha JIIOJIEH, 10 Tepely-
BalOTh B IPUMIIIEHHI, SIKE 3aXUILAETHCS;

— MiJBUIlEHA BOTHETacHa €(EeKTUBHICTh 32 PaxyHOK KOMOi-
HOBAHOT'O BIUIMBY:

* OXOJIOPKEHHS 30HU TOPIHHS;

* po30aBieHHS pearyloyux KOMIIOHEHTIB y 30HI TOPIHHS
3a paxyHOK 30UIbIICHHS TIOBHOTH BUIAPOBYBAHHs Kpareib BOIU U
YTBOPEHHS 3HAYHOT KUTBKOCTI BOJISTHOT TIApH;

* OXOJOKYyBaHHA W 3MOUYBaHHS MOBEPXHI MaTepiaiy,
110 TOPUTB;

— CKOpPOYEHHS BUTPATH BOTHETACHOTO 3aco0y, a OT)Ke, 3MEH-
IICHHS! HETaTMBHOTO BIUIMBY BOAM HAa MaTepiaiu i o0JIajHaHHs, 110
3aXMIAETHCS;

— MiJBUILEHHS €(EeKTUBHOCTI MOTJMHAHHS TEIUIOBOIO BH-
NPOMIHIOBaHHA W ancopOIiifHO 34aTHOCTI BOAM MpPH JAMMOOCA-
JDKEHHI, 1110 Ma€ TEPIIOpsIHE 3HAYCHHS JUIs 3a0e3neueHHs Oesre-
YHOT eBaKyallii JIIoJeH 3 MPUMILIEHb.

Tomy B OCTaHHI POKH CTOCIO TIOXKEKOTACIHHS MIJKOPO3IH-
JICHOIO BOJIOIO 3HAXOUTh BCE OLIbIIIE 3aCTOCYBAHHS.

Y ®innsgaaii [38] B X041 €KCIEpUMEHTAIbHUX JIOCIIKECHD
OyiM MPOMOJIETbOBAHI MOXKEXKI y NMPUMILIEHHIX XUTIOBUX Oyni-
BeNb. Y mpuMinieHHi posmipamu (3,6x2,4x2,4) M ropiB mrabenb
OpYyCKIB 1 TaciHHs 3MIMCHIOBAJIOCS MUIKOPO3MUJICHOIO BOJ010. [Ipn
[IbOMY 3a3HAYa€ThCs, 10 MPU TaciHHI BUKOPUCTOBYBAJIUCS Kparuli
d, < 400-10° M. Bigmivaerscs TaKOX, [0 Y BCIX BUMAJKaX BUKO-
pucTaHHs 3ac00iB IMITYJIBCHOI MOJ1a4l MIJTKOpO3miIeHoi Boau [39]
BJABaJIOCA IIBUAKO 30UTH TOJIyM’ SIHE TOPIHHS 1 3HAYHO 3HMU3HMTHU
TEMIIEpaTypy B MPHUMIIICHHI 0 TOJadi CTBOJIB BiJ MEpPEeCyBHOL
noxexxHoi TexHiku. KpiM 11p0ro, 3actocyBaHHs 3aco0y iMIYJIbCHOT
Mmojadl MPaKTHYHO HE 3aBJAa€ MaTepiaibHUX 30WTKIB BiJl BUKOPH-
cranHs Boau. Ilpu mepexomi y CHOPUHKIEPHUX YCTAaHOBKAax
Ha
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minkoposmieny Boay 3 O € (10+100)-10° m Boma HaiiGimbm
HIBUJIKO TIEPEXOUTh y Mapy ¥ ii BUTpaTa Ha raciHHs 3MEHILIYEThCS
B 10+20 pa3 y nOpiBHIHHI 3 ICHYIOUHMH aHAJIOTAMH.

3maBanocs 0, A MiABUIIEHHS €(PEKTUBHOCTI TacCiHHS JOIIi-
JHHO Oyn0 6 MakCHMManabHO 30UTBIIYBATH MUTOMY TOBEPXHIO PO3-
MUJICHOTO CTPYMEHS IIJISIXOM yce OLIBIIOro MoApiOHEHHs Kparelb,
OCKIUJIBKY MUTOMA MOBEPXHS TEIUIOOOMiHY Oy/Je THM OUIBIIOI0, YUM
MEHINUK miaMeTp KpamiuHu. OJHaK TaKWi NUISIX BUIPaBIAHUN
JHIIE B TOMY BHUMAJKY, KOJM MPUCTPiil BUKHUy BOIHEracHOI pedo-
BUHH PO3TAlIOBAHUN OE3MOCEPETHBO B IMOIYM 1.

SKIo KparuimHM MarTh TyKe MaJIHWid JiaMeTp, TO CyMapHa
MOBEPXHS X KOHTAKTy Oy/ie IOCUTh BEJIMKOIO, OJHAK Maca Kpareib
npu oMy Oyzie He3HauHo. [Ipu raciHHi % 330BHI IpiOHI 4acTKU
HIBUJIKO TaJIbMYIOTBCS B Ta30BOMY CEPEAOBHUII 1 HE JONITAIOTh HE
TUTBKH 70 TIOBEPXHI, sIKA TOPHUTH, ajie i HE 3MOXKYTh IPOHUKHYTH B
rOuny obnacti ropinHs. J[piOHi Kparuii BUMIApOBYIOTHCS Y 30BHi-
IIHIX 30HaX (pakena MOIyM’st a00 YHOCSTBCS Bropy 1HTEHCHBHUMU
KOHBEKIIMHUMH Ta30BUMHU MOTOKAMHM, MPAKTUYHO HE BIUIMHYBIIH
Ha riporiec ropinHsa. OTxe, po3Mip Kpareiab, TOOTO Mipa iX Aucrep-
CHOCTI, 1 OJJTHOYACHO Yac mepedyBaHHA iX Y 30HI TOPIHHS MOBHHHI
OyTH TakuMu, 100 MOOYTOK IIMX MapaMeTpiB OyB MaKCHUMaJIbHUM.
I{s ymoBa 3a0e3rneuye MakCcUMallbHE BIJBEACHHS TEIUIa 13 30HU pe-
akiii ropiaasa. Tomy icHye IeBHA MeXa JUIsl pO3Mipy Kparelb.

€ psi TEOPETUYHHX 1 MPAKTUYHUX JOCHIKEHb 13 BU3HAUCHHS
HaOLIpII eEeKTUBHUX PO3MIpiB Kpamenb. HalOinpmmM yac KoH-
TaKTy KparuinHu 3 ¢akeaoM mosrym’st Oyae MpH MBUIKOCTI TOJIbOTY
KpaIuIMHU, OJTM3BKIN 10 MIBUAKOCTI BUTAHHS.

s toro mo0 yacTka He MifiiimManacs Bropy, JIWHAMIYHHIMA
HAaTHCK BUCXIJHMX CTPYMEHIB Ta3y IMOBUHEH YpIBHOBAXKYBATUCS
CUJIOIO TSDKIHHS. 3HAIOYM MIBUAKICTh BUCXITHUX Ta30BUX MOTOKIB Y
ra3oBiii KOJIOHII Haj (hakeiIoM MOJyM s, MOXKHA BU3HAUMUTH Jia-
METp KparuluHH, 3AaTHOI 10 BUTAHHS, BUXOJ4YH 3 PiBHAHHA (2.14),

3 ypaxyBaHHAM, O Py > Pr:
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4 3G W

" , (3.14)
4gp.
ne Cy — koediuient 106080roO OMOpY;
Wyeur — UIBUAKICTb BUTAaHHA Kpalull, sKa 3aJIEKUTh BiJ
IIBUJIKOCTI BUCXITHMX MOTOKIB MPOJYKTIB TOPIHHS.
Pr _10-3 .
Ilpu — =10~ 3 piBusnus (3.14) MoXkHa OTpUMATH 3Ha-
Px

YEeHHSI KPUTUYHOTO JiaMeTpa, 3a SIKOTO Yac 3HAXO/KEHHs Kparuli B
30H1 oTyM st Oyie HaOuTbuM (Tabm. 3.1).

Tabmums 3.1 - Po3Mip KparumHH, 37aTHOT O BUTAHHS TIPH Pi3HIN
MIBUIKOCTI BUCXITHUX Ta30BUX IIOTOKIB

v, mc’! 1 2 5 10

o M 75-10°° 300-10° | 1875-10° | 7500-10°

VY nonym’i BimOyBa€eThCsl MPUPOIHUAN PO3MOALN Kpareib BO-
I JIETKI HECYThCS TMOTOKOM Yropy, BaXKi — omyckaroTbes. Lle
cripusie 30UTBIIEHHIO PO3MIPY PO3MWJICHOI XMapu B IMOJYM'i, MpH
IbOMY BiI0yBa€ThCs JOAATKOBE €KpaHYBAaHHsS MOBEPXHI MaTepiaity
BiJI BUIIPOMIHIOBaHHS 30HU TOpPiHHA. /[ KOKHOTO KOHKPETHOTO
MOJyM’sl € CBifl ONTUMAaNIbHUM CIIEKTpabHUIM Halip po3MipiB Kpa-
nenb Boau. MakCUMyM pO3IMOJLTY YacTOK 3a PO3MipaMH JICKHTh
HaBkoio ., sxuii BU3Ha4YaeTLC 3a hopmynoro (3.14) i moB’a3anuii
13 cepeIHIM 3HAYCHHSM BEJIMYMHHU IIBHIKOCTI BUCX1THOTO Ta30BOTO
MMOTOKY MPOAYKTIB TOPIHHS.

3a KOpPJIOHOM TaK0XX aKTUBHO BEAYyThCsl pOOOTH B LIbOMY Ha-
npsimi. Tak, B HaykoBo-mocaiaHomy 1ieHTpi FRMC (CILIA) pery-
JSIPHO TPOBOJATHCS KPYMHOMACIITAOHI BUMPOOYBAHHS 3 METOIO
BH3HAYCHHSI ONTHMAJILHOTO po3Mipy kpanenb. B [40] 3a3naueno,
0 HalO1IbIIa €PEeKTUBHICTh TaCIHHA JOCSTAEThCS MPU AMCIEpC-
HOCTI  KparumMHHOrO  1oToKy  (80+200)-10° m. ¥V xom;i
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KOMIT IOTEPHOTO MOJICTIIOBAHHSI TOXEXI B KUTIOBOMY
NPHUMIMIEHHI TaK0X BWU3HAYCHO, M0 JUISI CPEKTUBHOTO TACIHHSA
HEeoOXinHo BukopucToByBati Kpammuad O = 150-10° M. Ilpu
OMY WIEThCS MPO TE€, IO TaKa TUCIEPCHICTh OyJe 3aKpilieHa B
HoBomy ctanmapti CIIIA mist yeraHoBok moxekoraciaas NFPA —
750.

B [41] noBeneHo, 1m0 IS TaCiHHS IMOXKEXK HEOOXITHO 3aCTO-
COBYBaTH BOTHEracHy piamHy, posmmieHy go (40+400)-10° m. B
[42] HaBomATHCS AaHi, 1O AJsL TaciHHS MOXeX y (apOyBalbHHUX
Kamepax e(peKTHBHO BHKOPUCTOBYBAaTH KpAIUIMHHI MOTOKU 3 JIUC-
nepcuicTio (20+200)-10° M, a IS TaciHHS IPOTOK [M3EIIBHOTO ITa-
JMBa PEKOMEHIYIOTh 3aCTOCOBYBAaTd posnmieny Boay 3 dy Bix
100-10° ™ 10 350-10° m.

VY pobori [43] Oyno 3ampoONOHOBAHO EMIIIPUYHE PIBHSIHHS,
SIK€ TIOB’SI3y€ Yac TaciHHS 3 XapaKTEPHUCTUKOKO JIUCIIEPCHOCTI CTPY-
MEHSI BOJIM I OCHOBHUMH IapaMeTpaMu, M0 XapaKTepU3yITh Mpo-
11eC TOPIHHSA U TaCiHHSA:

diTpr.

T=50 ,
I AT1’75

Ie T -y9ac racigss, c;

d,. - cepenniii niaMeTp Kpareisb po3MUIEHOrO CTPYMEHS, M;

I- BUTpATa BOJM HA OJMHMIIIO TTIOBEPXHI, 1110 TOPHTH, Kr-c'l-M'z;

Tp.r. — TPUBATICT BUIBHOTO TOPIHHA (10 TIOYATKY TraciHHA), C;

AT - pisHung mMix TeMrepaTypor 3aiiMaHHs PiMHU 1 TeM-
NepaTypor0 HaBKOJIMUIIHBOTO CEPEIOBUINIA.

Ile piBHSHHS MIATBEPAXKYE MOJOKEHHS, 110 Yac TaciHHS pi-
JUHU TUM MEHIIMM, YUM BULIE 11 TeMIlepaTypa 3aliMaHHs, MEHIIAN
Yyac BUIBHOTO TOpiHHS 1 UMM MEHIIE PO3MIpH Kpareib BOJSHOIO
CTpYMEHSI.

Ha puc. 3.5 npeacTaBieHO OCHOBHI €KCIIEpUMEHTAJIbHI J1aH1 3
BU3HAYECHHS ONTHMAJIBHOTO PO3MIPY Kpareib Py TaciHHI PeYOBHH
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pizHOTrO poay. OueBuIHO, 110 KpariuHu po3mipom (100+200)- 10°M
3a0e3neuyroTh e()eKTUBHE raCiHHA MPAKTUYHO B YCiX BUMAIKAX.

d 10°m

5007

[16] [44] [5] [45] [46] [40] [41] [47] [48] [42] [49]

Puc. 3.5 — JlucnepcHicTh Kpameib, o 3a0e3rneuye
e eKTUBHE TaCiHHSA

3 ypaxyBaHHSM TOTO, 110 OUTBIIICTh MOXKEK BUHHUKAE Y MPH-
MIIIEHHSX JKUTJIOBUX Oy/iBeb, TP CTBOPEHHI HOBUX 3Pa3KiB IIO-
KEKHOI TEXHIKM MOTPIOHO MparHyTH OTPUMATU KPAIUTUHU PO3Mi-
poM (100+150)-10"° m, 110 HaiiyacTiie peKOMEHIYEThCS.
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Jlo oOMekeHHs apamMeTpiB PO3MUICHOTO CTPYMEHS 3a Jllame-
TPOM Kpariejab MOTPIOHO T0aTH OOMEKEHHS 3a MIBHJKICTIO Kpar-
JMHHOTO MOTOKY. J{71s1 migBuIIeHHsS e€(eKTUBHOCTI TaCiHHS MOMKEXK
GaxaHO, MO0 MIBHAKICTH MOTOKY craHoBmna (80+150) m-c™.
Bucoka mBHAKICTE KPAIUIMHHOTO TIIOTOKY JIO3BOJISIE€ 30UIBIIUTH
MPOHUKAIOUY 3aTHICTb 1 AAJTBHICTh Oa4i PO3MUIEHOTO CTPYMEHS.

1.3 Cnioco0u i npucTpoi po3nuIeHHs pPiauH

Jlns migBHIIEHHS BOTHETACHOI 3aTHOCTI BOAM HEOOXIIHO
PO3pOOIICHHSI METO/IIB 1 TEXHIKU PO3MUIICHHS BOJIH, 110 J103BOJISIFOThH
OTPUMYBATH 3 OJIMHUII MAaCH BEJIMKY IUTOMY ITOBEPXHIO Kpareib 13
TepeBaXaIoYHMK po3Mipamu aiamerpa mopsiaky (10+50)-107° m.

[MuTaHHAM PO3MWICHHS PiTUH MPUIUIIOCS W MPUIUISETHCS
nyxe Oararo yBaru. lle BUKIMKaHO IIMPOKHUM CIEKTPOM 3aCTOCy-
BaHHS TEXHOJIOTIH PO3MUJICHHS PIUH Y TPOMHCIOBOCTI, €HEPreTH-
i Ta 1HmMKUX cdepax TeXHIYHOI MisUTbHOCTI JroauHu. Ha cborosmHi
po3po0iieHo GaraTo METOMIB PO3MWICHHS PIAMH, SIKi KJIACU(IKy-
IOTBCS 32 CIIOCOOOM TiJIBEJIEHHS €HEprii, 10 BUTPAYAEThCS Ha II0-
NpiOHEHHS MOTOKY PiAuHU. ICHye AeKiIbKa croco0iB pO3MHUIICHHS
PIIWHU: TiIpaBIiYHUN, MEXaHIYHUW, MMHEBMATUYHHUH, ITyJIbCaIliii-
HUH, yIbTPa3BYKOBUH, €NEKTPUYHHMA, aKyCTUUYHUIH, KOMOIHOBaHUN
tomio [50]. KoxxHuii 3 METOMIB Ma€e CBOI MepeBaru W HEAOJIKH, aje
B IUIaHI MPAaKTUYHOTO 3aCTOCYBaHHsS HAHOLIBIIMI IHTEpecC Mpej-
CTaBJIIIOTH  TIAPABIIYHMMA, MEXaHIYHWUW, THEBMAaTHUYHUNA 1
MyJIbCaliiHUN cIocoOu.

VY noskexH1i TeXHill IJIs PO3MUICHHS BOAU BUKOPUCTOBYETh-
Csl TIEPEBAXKHO 2i0paeniuHuil METOM, SIK HaWOUIbII MPOCTUH 1 €KO-
HOMIYHUW 3a CHOXXMBAHHSM EHEPrii Ha JIUCIEPTryBaHHS PiJIUHUA
(2+4 xBt na aucnepryBanns | T pigunn). Ilpu rigpaBniyHOoMy po3-
MUICHHI OCHOBHUM €HEPreTHYHUM (aKTOPOM, SIKUH MPUBOIUTH 110
po3nany piAMHM Ha KpaIlUIMHM, € TUCK HarHiTaHHsa. [Ipu mpoxo-
JDKEHHI 4Yepe3 pO3MITIOBAIBHUN MPHUCTPIN PITUHHUKA TOTIK, IO-
nepuie, HaO0yBa€e BEJIMKOI MIBUJKOCTI 1, O-Apyre, npuiiMae ¢opmy,
sKa CIIpHS€E MBHIKOMY i epekTHBHOMY po3mnaay (CTpyMiHb, TUTIBKa,
BEJIMKI YaCTHHKH, 3aJI€)KHO BiJ] TOTO JI0 SIKOTO KJIACy BIJHOCHUTBCS
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PO3NWIIOBAJILHUIM pUCTpii). OAHAK, po3Mui, IO YTBOPHOETHCA
IPH IOMY, € TOCUTh TPYOHM 1 HEOTHOPITHUM (MO>KHA JOCSTTH JH-
CHEepPCHOCTI KPAIUIMH OJIM3bKO 300-10°° M) 10 TOrO K YTPYZAHEHO
peryJiloBaHHs BUTPATH PIAMHU MPH 33JaHIA SKOCTI PO3MHICHHS, a
TaKOK PO3MUICHHS BUCOKOB A3KUX PIJIUH.

[Ipu mexaniyunomy crnocodi pO3MHUICHHS PiIUHA OTPUMYE
EHEPTiI0 BHACTIJOK TEPTS 00 MOBEPXHIO pOOOUYOTO €JIeMEHTa, IO
obepTaeTbes 3 BEMUKOI MIBUAKICTIO. HaOyBatoum pazom i3 pobo-
YUM €JIEMEHTOM PyXy OOepTaHHS, BOJa i JII€I0 BIAIIEHTPOBOI CH-
JM BIPUBAETHCA BiJl pO3NMIIIOBaya (y BUIIIAII IUTIBOK ab0 cTpyme-
HIB) 1 IpOOUTHCS HA KPATUTHMHHU.

V 1eif yac noiOHa TeXHiKa PO3NUICHHS PIIMHU 301HCHIOETh-
Csl TIEPEBaKHO 32 JIOTIOMOTOI0 YCTAHOBKHM Ha CTBOJM CHEiaJbHUX
dopcyHOK: nedaeKTOpHUX, IIUIMHHUX, TBUHTOBUX, BIILEHTPOBUX
Ta PO3MWIIOBAYIB, SKi MPAIIOIOTH 32 MPUHIMIIOM 3ITKHEHHS CTpY-
MeHiB. HaifOuibl mmpoke MOUIMpPEeHHs OTPUMAaId I'BUHTOBI 1 Bij-
IEHTPOBI (TypOiHHI) PO3MIIIIOBAYi, MO JIO3BOJISIFOTH OTPHUMYBATH

TOHKOPO3MUIEHHH CTPYMiHb i3 po3MipoM kparmens 100-200-10 ~ M.
IcToTHMM HEOJIIKOM yKa3aHUX PO3MUIIOBAYIB € BEIbMH OOMEKEHa
JAJIbHICTh MOJBOTY CTPYMEHS, 10 He nepeBuirye 7-8 M. HeBucoka
NaieKoO1MHICTh CTPYMEHIB 00yMOBJIEHA €(PEKTOM PO3MUICHHS Pi-
TUHU B Oe3mocepe/iHiii OJM3bKOCTI Bl BUXIIHUX COIUIOBHX Mepe-
TuHiB. [Ipu 11bOMy HaBITH y pasi 3a0e3medeHHs] BUCOKOT IIBHIKOCTI
BUTIKaHHS Kpamejb OCTaHHI IMIBHJKO TaJIbMYIOThCS, MPOJITAIOun
HEBEJIMKI BIJCTaHI.

Jlo mepeBar 11b0ro crnocody Tpeda BiTHECTH MOKIIHMBICTD PO3-
MUAJICHHS BUCOKOB’SI3KMX 1 3a0pyAHEHUX PIIWH 1 PEryJIIOBaHHS
NPOAYKTHBHOCTI po3nItoBada 0e3 iCTOTHUX 3MiH JUCTIEPTyBaHHS.
HenmomikamMu 1iporo cmoco0y € Te, 0 PO3MUIOBAadl TaKOTO THITY
MalOTh BUCOKY BapTICTh Ta CKJIA/IHI Y BUTOTOBJICHHI i eKCIuTyaTarii
(eHeproemHicTh CTaHOBUTH 15 KBT Ha qucniepryBanHs | T piiuHH),
a X MPOAYKTUBHICTb OOMEXKYETHCS TEOMETPUUHUMH PO3MipaMu JH-
CKa W MBUAKICTIO Woro oOepranHs. KpiM TOro, BOHM CTBOPIOIOTH
MIAPOKUN (haKesn po3NuiLy, MPH SKOMY BaXKKO 3a0€3Me4uTH HEeoO-
XiHI XapaKTePUCTUKH 3 THTEHCHBHOCTI 3pOINyBaHHA. MexaHIuHe
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PO3NUIIOBAaHHS BUKOPHCTOBYIOTh, TOJIOBHUM YUHOM, JJIsl MOAPIO-
HEHHSA B’SI3KHUX PIAMH Ta CyCIIECH3IN.

[Tpu nneemamuunomy cnocoOi qucrepryBaHHs €HEpris Mij-
BOJUTHCS JIO PIAWHH, TOJIOBHUM YHWHOM, YHACTIJIOK JHUHAMIYHOL
B3aeMOJli ii 3 BHCOKOIIBHJKICHUM IIOTOKOM pPO3MUIIOBAIBHOIO
areHTa — CTUCHYTHM ra30oM (3BHYAHO MOBITPSIM). 3aBISIKH BEIHKiH
BiJIHOCHIH IIBUIKOCTI MOTOKIB Y PO3MUIIIOBaYil a00 3a HOro Mexamu
piMHA CIIOYaTKy PO3CIFOETHCS HA OKpEeMi HUTKH, SIKI TIOTIM po3ma-
naroThes Ha Kparuti. Kpim il HaJUIMIIKOBOrO THUCKY, B COILIL PO3-
NIII0BayYa BiI0OyBa€eThCs TypOyJTizalist MOTOKY MOBITPS, IPHU LIEOMY
JIOCATAETHCSI BUCOKUN CTYMIHb JUCIEPCHOCTI BOJU IPU BEIUKOMY
paziyci aii cTpyMeHs 3a paxXyHOK IMITYJIbCY, IO BHOCUTHCS B MOTIK
ra3oM. /lo nmepeBar MHEBMaTUYHOTO CIIOCOOY BIAHOCSTHCS: HEBEIIH-
Ka 3QJICKHICTh SIKOCTI PO3MUJIIOBAHHS BiJ] BUTpATH piauHu (y TOH
yac sIK MPH T1ApaBIiYHOMY cioco0i BOHA € CYTTEBOIO), HAIIMHICTD B
eKCIUTyaTallii, MOXKJIUBICTD TOCATTH BUCOKOI JUCTIEPCHOCTI PO3IUITY
3 MEJIaHHUM TEPETHHOM KpaIUIMH Yy KiJIbKa MIKPOHIB 1 CTBOPUTH
HEOOXITHMI (aKesl pO3MUIy, MOKIHMBICTh PO3MHMIIOBAHHS BHCO-
KOB’SI3KUX PIAMH. AJle TIpU IIbOMY HE MOKHa 3a0€3[1eYUTH BUCOKY
MPOAYKTUBHICTH po3nmitoBada. OCHOBHHIA HEJOJIK IOTO CIIOCO0Y
— HEOOXIAHICTh Y PO3MUIIOBATHLHOMY areHTi 1 B JI0aTKOBOMY 00-
JaJHAHHI U1 HOTO mojadi (3aCTOCyBaHHS KOMIIPECOpPIB Ta iHIIOI
ra3oBoi amaparypH), BeJIMKa BUTpaTa razy JUlsl PO3MWIEHHS BOAM,
niaBumeHa purpara eHeprii (50-60 kBt Ha 1 T piquan). Yce 1e 30i-
JBIIY€ BapTICTh TAKOTO CIIOCOOY AMCHIEPryBaHHs PIAMHU.

[Ipu nyascayiiinomy po3numieHHi 30ypeHHs, 1O CIIPUYUHS-
I0Th JPOOJICHHS CTPYMEHS PIIWHHU, TMOCHIIOIOTHCS 3a PaxyHOK
MyJbcamii TUCKY 1 3MiHM BHUTpatu. [lymbcanii THCKY NpHU3BOIATH
710 JTOAATKOBUX KOJIMBAHb PIAMHM, 30UIBIICHHS TTOBEPXHEBOI €HEP-
rii cTpyMeHiB, HIBHJAKOI BTpaTH ii CTIMKOCTI i, SIK HACIiJOK, 10
OLIBIIT TOHKOTO PO3IMUJICHHS.

Po6oTa 611bIIOCTI KOHCTPYKIIH CTBOMIB-PO3NUIIOBAYIB 11bO-
ro THUIly 3aCHOBaHa Ha NEPIOJAWYHOMY IOBHOMY MEPEKPUTTI MpO-
TOYHMX JIiHIM, BHACIIZOK YOTrO BifOYBAa€ThCSA MiJBUIIECHHS TUCKY
nepes; GOPCYHKOIO W BUTIKAHHS PIAMHM NMEBHUMH TOpIisIMHU. 3a-
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CTOCOBYIOTBCSI TAKOX KOHCTPYKLIi, B SIKMX BiJI0yBa€eTbcs Hakia-
JICHHS ITyJIbCAIliil TUCKY Ha OCHOBHY BHUTpary pimuau. [Ipu mpomy
e(EeKTUBHICTh PO3NUIY BU3HAYAETHCS CIIBBIJHOLICHHSAM CTaTUYHO-
ro THCKY OCHOBHOI BHTpAaTH W PiBHA aMIUTITY[ MyJIbCAllii, 10 Ha-
KJIaJIal0ThCSL.

[Tynecytoue BUTIKaHHS PIAMHU 3 TIOJANBIITAM MIJKOIUCIIEPC-
HUM DPO3IUJIOM MOXKe OyTH CTBOPEHO TaKOX 3a JIOTIOMOIO0 yCTa-
HOBOK IUKJIIYHOI 11ii, B IKUX CTPYMiHBb (DOPMYETHCS 32 PaXyHOK BH-
JABJIIOBAHHS PIAMHU 3a3/ajeriib CTUCHYTUM ra3oM. CTHUCHEHHs
ra3y B €MHOCTI 3/[IHCHIOETHCS, B OCHOBHOMY, a00 3a JOMOMOTO0
BIIPUCKYBaHHs B poOOYMi 00’ €M MHEBMOT1IPOAKYMYJISITOPA TOPIO-
YUX CyMIiIIeH 1 MOJIBIIOTO 1X 3amajeHHs, a00 3a paxyHOK 0e3rno-
CepeIHbOT0 BBE/IEHHS B OCTaHHIN CTUCHYTOrO MOBITPsI 00 MpOIy-
KTiB CIIaJICHHSI IIOPOXY.

IIpy 1pOMYy B HHEBMOTIIPOAKyMYJSATOpl 3a0e3nedyeTbes
TiCcK nopsaaky (3-5)-10° IMa, mix skuM i 3iiicHIOEThCS TOAYA Pi-
JTUHHOTO cTpyMeHs. JIOCTOTHCTBOM yKa3aHHMX KOHCTPYKIIH € MOX-
JUBICTh TOJA4l CTPYMEHIB Ha BIJIHOCHO BEJHMKI BIiJCTaHi
(o ~ 100 M) mpu o6piit sxocti posnwiry. OmHaK, i KOHCTPYKITT
MaroTh 1CTOTHI HEJOJIKU: 3MiHA NapaMeTpiB BUTIKAHHA MPHU 3MEH-
[ICHHI THCKY B ITHEBMOTIIPOAKyMyJsTOpi, BUCOKE 3HAUYEHHS BiJ-
HOILEHHS 4acy 3allOBHEHHsI THEBMOTIPOAKYMYJISATOPA JI0 Yacy BU-
TIKaHHS, KOHCTPYKTHBHA CKJIQJHICTh 1 HEOOXiTHICTh HAasBHOCTI
JpKepesia CTUCHYTOIO TOBITpsl a00 manuBa Juid 3abe3neueHHs QyH-
KI[IOHYBaHHSI YCTaHOBOK.

AmHani3 BITYM3HAHUX 1 3apyODKHUX MPUCTPOIB PO3MUIICHHS Pi-
JMH TIOKa3ye, IO OCOOJMBY yBary pO3pOOHHKH MPUAUISIOTH IMPO-
OemMaM MiABUIIEHHS SIKOCTI W e()eKTUBHOCTI PO3MMJICHHS, a TaKOX
MiIBUIIIEHHIO TOHKOCTI JAWCTIEepPryBaHHs. B po3BUHEHNX KpaiHax €B-
pornu i AMEpUKHU BXKE€ TPUBAIMI Yac MUPOKO BUKOPUCTOBYIOTh JUIS
VX I HACOCH BHUCOKOTO THCKY. Y IOCKOHAJICHHS! YCTaHOBOK IT0-
KEKOTACIHHSI BiZIOYBA€THCS UIIXOM IMiBUIICHHS TUCKY (10 AEKib-
KOX COTEHb armoc(ep) NpH MOPIBHSIHO HEBEJIMKIA BUTPATI BOAM
(0,3-0,5 kr-c ). K TexHIYHHM HOBHHKAM TAKOTO TUIY BIAHOCSTHCS
NpUCTPOi noxkexoraciHag Bucokoro Tucky HDL 250 nimenpkoi ¢i-
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pmu MINIMAX, cucrema KAMAT-FOGTEC, sxy mnpencrasisie
roiutanzcbka ipma FireX. BapTo 3ragaty i pydHuii iMIyIbCHUHA BO-
raeracauk [FEX 3000, 3anpornoHoBaHMii Ti€ro X GipMoro.

Haii6inbur 1ikaBUMHU BITYM3HSIHIME PO3POOKaMH B I1ii 001acTi €
yctaHoBka "Taiidyn 1-10" 1 pociiiceka po3pobka "Urna 1-0.4".

Yemanoexka "Taugyn 1-10"

[TepeBaru ycTaHOBKHU:

— BHCOKa IIBUIKOMIISA;

— MOOUIBHICTD (IIBUAKA JOCTAaBKa JIO MICIIS IMOXKEXKI 1 IITBU/I-
Ka MAr0TOBKA 10 poOOTH);

— YHIBEPCAJIbHICTH (JI03BOJISIE BAKOPUCTOBYBATH B SIKOCT1 BO-
THETaCHOTO PEareHTy sk 3BUYaiiHy, TaK 1 MOPCHKY BOAY, BOJIHI PO3-
YUHHU 3MOYYyBaya, IIIHOYTBOPIOBAYa);

— EKOHOMIYHICTh (y OUIBIIOCTI BHUITAJIKIB BUKOPHUCTOBYETHCS
TUIBKY BOJIA 1 CTHCIIE TIOBITPS);

— eKojoriyHa OesIexa;

— 3HAYHHUU OXOJIODKYIOUHMU €(EeKT, IO JO03BOJISIE ONEPaTOpy
IIBUJIKO MIPOHUKATH B MPUMIIICHHS, 1110 TOPUTH, 1 IPH HEOOXI1THOC-
Ti poOUTH eBaKyallito JrO/IeH.

TexHiuHi XapaKTePUCTHKM:

1. MicTkicTh:

NOCYAMHHU JJIs1 BOAH 10
0asioHa U1 MOBITPA 27

2. PoOounii Tuck y 6asoHi nas nositps 20 Mlla

3. JlaabHICTh BUKHAY BOTHEracHol pe-
YOBMHH
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He MeHIIe 10 m

4. KiabkicTh iMOyJbCHMX  mOaa4
BOTHEraCHOI PEe4YOBHHHM 32 OJHY 3a-

NPaBKy 10

5. TpuBaJjictb:

NMIATOTOBKM 10 NMPUBEICHHS] BOTHEraCHU-

Ka B JiI0
40c

He OlIbIIe

nepe3apsiikv CTB0JIA He OijIbIle 3¢

6. Maca BOorHeracHuKa nmoBHa 30 xr

7. 'abapuTHi po3mipu 200/280/750,
M

Panyeea ycmanoexa noxcexcozacinua ""Hena 1-0.4"

[Tpu3Havena i MPHUIYIICHHS JIOKATBHUX OCEPEJIKIB IMOKEKI
knacy A, B, E. YcranoBka "Urna-1-0.4" mpoBouTh racinus 3a ao-
MTOMOT'O0 BHCOKOIIBHIKICHOTO TOHKOPO3TIIJICHOT'O CTPYMEHS BOJIH.

TexHiuHi XapaKTepHCTHKHU:
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1. KiibKicTh BOTHEracHoi piiuHu mo 12

2. laabHICTH a0 10 m
3. IucnepcHicTh Kpanejib BOH oias 100-10°
M

4. IlIBUAKICTH CTPYMEHS
B 00.J1aCTi OCepenKy MoKe:Ki e menme 3a 20 m-c”
.. . -1
Ha BUXO/i 3i cTBOJIA Oisbie 3a 80 m-c

5. Maca B 3anpaBJ/ieHOMY CTaHi

0e3 IMXaJbLHOI CHCTeMH 10 20 kr
3 IUXAJLHOIO CHCTEMOIO 0 23 Kr
6. 'aGapuTn 600/450/300
MM

7. Hac nepe3apsiaku 1jsi BUkopucran- 20-60 ¢
HSl

8. YUac po0oTH IuXaJbHOI CHUCTEMH
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3 0AJIOHOM 2J1 10 20 xB.

3 0aJ10HOM 4.1 10 40 xB.

IIpu ceptudikaniiHux BUIPOOYBAHHAX MiATBEPIXKEHO, LIO
CHCTEeMa MOXXE YCIIIITHO 3aCTOCOBYBATHUCS JISl JIIKBIJAIlli HACTYII-
HUX MOXKEXK:

—MOJICTIbHUIM Oocepeiok Toxexi kinacy 3A (mrabens i3 144
nepeB’stHuX OpyckiB po3mipoM 735x40x40 MM 1 KUTBKICTIO IIapiB —
18, mIoma noBepXHi ropinHs cTaHoBUTH 17,4 M* nepeBunn). Ycra-
HOBKOIO 115 TTOXeXa TaCUThCs 6—7 JITpaMu PiIUHU.

—MOJIeNIbHUM ocepeok noxesxi kiacy 89B (89 mitpiB GeH3u-
Hy y BaHHi aiameTpom 1,89 m). lnist raciHHs ocepeaKy NOTpiOHO 4—
5 mitpiB Boau (3 3% ninoyTBoproBaua tumy "Jlerka Boaa").

—eHeproycTarkyBaHHs 3a kiacom E. YcranoBka OesnedHa
IpH TaciHHI E€JIEKTPOYCTAHOBOK 1 OOJIaqHAHHS MiJ HANpyrow 10
36000 BoJbT 13 BiZICTaHI HE MeHIIe 3a 1 MeTp.

OcTtaHHIM 9acoM 3HaWILIO 3aCTOCYBaHHS TaCiHHS MOXEXK BO-
JI0K0  a€pO30JIbHOTO PO3MMITY, OTPUMAHOIO BHACIIOK IEPETpPiBY
BOJIM 32 JIOTIOMOT'OI0 €JIEKTPUYHOTO HarpiBada ado 3a paxyHOK Ipo-
XOJPKEHHs XIMIYHMX €K30TepMiYHUX ImpoleciB. Bona HarpiBaeTbes
70 TeMIepaTypH, IO MEPEBUIIy€E TeMIIepaTypy KHUIIHHS 3a HOP-
ManbHUX yMOB [51, 52]. IIpu 1bOMy BUKOPHCTOBYIOTBHCS YCTaHOB-
KM, SIKi CKJIQJIAl0THCS 3 130TE€PMIYHOI €EMHOCTI [T HarpiBy il 30epi-
TaHHS BOJM 1 PO3BOJSIIOTO TPyOONPOBOAY 3 Mep(opali€ero y310BK
po00UOT TOBKHUHH.

[Iporiec BUTIKaHHS MEPErpiToOi PIIMHH CYIPOBOJKYETHCS
aniabaTHYHUM CKHUIIAHHSM, SIKE€ TTOYMHAETHCS B TOH MOMEHT, KOJIN
TUCK PIIMHU CTa€ HIDKYE 3a TUCK HACUYEHHS MpH JaHIl Temrepa-
Typi pinuan. Tak, npu BUIYCKY Boju, rieperpitoi o 150°C, mBu-
KICTh MapOpIAMHHOIO MOTOKY JocsArajia Haja3BykoBoi. [Ipu npomy
BiI0yBaJloCs CKUIAHHSA CTPYMEHS BOJAM IO BChbOMY ii 00’eMy, 110
CYyIPOBOI)KYBAJIOCH PO3IaJI0M Ha JOCHUThH JPiOHI KparuIMHH (MEHIIIE
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3a 100-10° m) 3 YTBOPEHHSM aepo30JIbHOTO po3nuily. BumiproBaHHs
pPO3MipiB Kpameiab MOKa3ajdl OJHOPIAHICTD CTPYKTYPH IOTOKY.
dopMyBaHHs CTPYMEHsI 3aBEpIIYEThCs Ha BijcTaHi nmpubnusHo 0,2
M BiJI 3pi3y coOIUIa, 1 Jaji 3MiHa po3MipiB Kparesb He BiI0OYBa€EThCA.
Ha Biacrani 0,5 M Bijg coria TemrepaTypa CTpyMEHs HE TIEPEBHUIILY €
60°C.

[ToTpiOHO 3a3HAUWMTH, IO TACIHHS BOJOI 3 IIIJIBUIICHOIO
TEMIIEPaTypolo € OLIbII e(heKTUBHUM, OCKUIBKH rapsya Boja, momna-
JAl0ud B TIOJIyM s, BiAOMpae TeIyio 13 30HU TOpIHHS B 5-7 pasiB
Ounble, HiXK XoJonHa. lle MosSCHIOEThCS TUM, IO i3 3POCTAaHHAM
TeMIIepaTypy 3pOCTA€ YyacTKa BOJH, IO BUIAPOBYETHCS 3 MOBEPXHI
KparuiHu. Harpita Boja Jieruie nepexoauTh y ra3onoiOHuii cTaH i
npu 1pOMYy 3a0upae 3HA4YHy KUIBKICTH TeIJia i3 30HU TOPIHHS

(Hgyn. = 2265 xJUx-kr'"), a xonomHiii Bogi HEOOXimHUH GLIBIIMI
yac Ui MOINEpeJHbOro HarpiBy il mepexonay B mapy. [lpu npomy
KparuTMHU XOJIOHOT BOJM 3a Yac iX 3HAXO/DKECHHSI B MOJIyM’'i MO-
XKYThb HE BCTMTHYTH TOBHICTIO BUIApyBaTHUCsA W 3a0paTH MakcH-
MaJIbHO MOKJIMBY KUJIBKICTh TEIUIA.

[Ipu mpoBeneHHI eKCIEPUMEHTAIBHUX JOCHTIKEHb 1 TaCiHHI
peabHUX MOXKEX YCTAaHOBJIEHO, 110 3aCTOCYBaHHS IEPErpiToi BOAU
€ HaiOuIbIl e(EeKTHBHUM TMpPH MOXKEKOTaCiHHI B OOMEKEHHX
00’emax. Tak, raciHHs 3aropstHHS OCH3MHY 1 TU3EIHHOTO MAJIMBA B
HACOCHMX CTaHIisX 06’emMom 210 i 1250 M® mocsranocst mpu iHTeH-
cuBHOCTI ogaui Boau 0,007 oM et BUIIE 3a 4ac He OUIBIINIA 3a
70 c. 3agikcoBaHO TaKOX LIBUJKE OCAJDKEHHs UMY, 4YOro He BiJ-
OyBaJIOCS TTPY BUKOPUCTAHHI 3BHYAWHUX 3aC0O01B TOKEKOTACIHHS.

OueBHUIHO, IO 3aCTOCYBAaHHSI NEperpiToi BOAM s LiIel
MOXKE)KOTACIHHSI BHUMara€ NMEBHUX BUTPAT €HEPril JJs HarpiBaHHS
BOJIM, OJJHAK BOHU MOXXYTb OyTH ICTOTHO 3HM)KEHI 32 PaxXyHOK BH-
KOPHCTaHHS MEPETPiTOi TEXHOJIOTIYHOT BOH, IO € B PSIi CyYaCHUX
BUPOOHUITB (Ha TEIUIOBUX EJEKTPOCTAHLINAX, 00 €KTaX MeTalyprii,
HaTOXIMIi Ta IHIIHX).

[TpuHIMI MONEpeHbOTrO MEePEerpiBy BOJIU BUKOPUCTOBYETHCS
B CY4aCHHUX BOJI0A€PO30JbHUX BOTHETaCHUKAX POCIHCHKOTO BHPOO-
Hunrea Ty OBA-9E i3 3apsnom BorHeracHoi pedoBunu 0,0052 M
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1 IOTY’KHICTIO HarpiBaya 2 KBT, a TakoXX y TEpMOXIMIUYHHUX Mapoae-
po3osibHEX TeHeparopax TITAI. TI'eHepartis BoIsHOI mMapw Iie-
perpitoi BoaM 1 XiMIYHO akTUBHOro aepo3zoito B TIIAI 3aiiicHio-
€THCSI BHACIHIJIOK €K30TEPMIUYHOI peakiii CrenianbHOI €HeproaKy-
MYJIIOKY0I PEYOBUHU 3 BOJOIO.

B minomy, aHami3 TEHACHIINH PO3BUTKY TEXHIKH TOXKEKOTa-
CIHHS JJO3BOJISIE 3pOOMTH BUCHOBOK PO MEPCHEKTUBHICTh BUKOPU-
CTaHHS YCTaHOBOK aepPO30JbHOTO PO3MHITY BOAM, OCOOIUBO It 00-
POTHOU 3 MOXKEKAMH B )KUTJIOBUX 1 aJ]MIHICTPATUBHUX OYJIBIISIX, /1€
HEenpsAMUIl 30MTOK BiJ MOXKEXI 4acTo mHepeBuIlye OesrnocepenHi
BTpaTH BiJl BOTHIO.

TakuM YMHOM 3a JJOMTOMOTOI0 3MiHH JAMCIIEPCHOCTI BOTHETac-
HOI PEYOBMHU MOXHA 3MIHIOBAaTH YMOBHU TEIJIOMAaCOOOMIHY Mixk
BOTHETAaCHOIO PEUYOBHHOIO M TMOJIYM’sIM 1, OTXKE, 3a PaxyHOK 30111b-
IIEHHS 3arajbHOl IUIONIl MOBEPXHI BUIMAPOBYBAHHS 30UIbLIYBAaTH
BOTHETACHY €(EKTHUBHICTh PEYOBHUHHU.

Po3ain 2. BrmumB XiMiyHMX J00aBOK Ha BOTHEracHy
eekTUBHICTH BOAH

[Ipu raciHHi piAMH 13 BHCOKOIO TEMIIEPATypoOIO crHanaxy i
TBEPAMX TOPIOYMX MaTepialliB BEIMKE 3HAUCHHS MAa€ OXOJOKY-
BaHHs 32 JIOTIOMOI'0OI0 BOJM MOBEPXHEBOIO APy TOPIOYOro Mare-
piany. KinbkicTh Temuia, sKy MOTJIMHAE KPaIis BOJIU MPU KOHTAKTI 3
MOBEPXHEIO MaTepiaiy, 10 TOPUTh, MOXKHA BUPA3UTH (POPMYJIOIO:

Q=1 S & (Tyep. — Ty), (3.15)

Je T —4ac KOHTaKTy KpaIuli 3 IIOBEPXHEI0 MaTepiay, 1110 TOPHTE;

Sy — IIONIa KOHTAKTy KpaIlli 3 MOBEPXHEI MaTepiaiy, II0
K ’
TOpPUTB;

Thos. — TeMIeparypa MOBEpXHEBOIO IIapy Marepiaiy, LIo
TOpUTb;

T —Temneparypa Kparuii.
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OTxe, 30UIbIICHHS Yacy KOHTAKTy 3a PaxXyHOK IiIBULICHHS
anre3ifiHUX BIIACTUBOCTEHM BOIM 1 3MEHIIIEHHS IIBUAKOCTI CTIKAHHS
(3011bIIEHHS B'SI3KOCT1) MPU3BOJATH /10 3pOCTaHHs KUIBKOCTI TEIuIa,
mo BigOupaeTscst Big moBepxHi TopinHA. lLleit ke pesymnbrar
CIOCTEpIraeThCsl MpH 30UIBLICHHI IUIONII KOHTAKTy M KoedilieHTa
TETUIOBI/IIa4i, IKUH, y CBOIO Yepry, MOB'A3aHUN 3 KyTOM 3MOYyBaH-
HS 3BOPOTHOIO 3ajiexHIcTIO [53]. Takum 4MHOM, €pEeKTHBHICTbH
raciHHS MOKHA TIIBUIIUTH, IHTEHCU(DIKYIOUH TETUIOOOMIH 3a paxy-
HOK 3MIHH B'SI3KOCTI, IOBEPXHEBOTO HATATHEHHS i KyTa 3MOUYyBaH-
HSl BOTHETaCHOTO 3ac00y.

3MIHUTH BJIACTHBOCTI BOAM, HAMPHUKIAJ, MIABUIIATH 3MOYY-
BAJIbHY 3JaTHICTh 1 B'I3KICTh, 3HU3UTH TEMIIEPATypy 3aMep3aHHs 1
KOpPO31iHY aKTUBHICTb, 1 THM CAMUM TI1IBUIITUTH BOTHETACHY €(hEKTUB-
HICTb BOJIM, MO’KHA IIUITXOM BBEICHHS PI3HUX XIMIYHHUX JOOABOK.

BincyTHICTh TE€OpETUYHUX TOCIIPKEHb MEXaHI3My BOTHErac-
HOT i1 pi3HUX JT00ABOK J0 BOJU HE JO3BOJISE JOCUTHh TOYHO KiIbKi-
CHO IPOTHO3YBaTH pe3ysbTaT BIUIMBY Ti€l a0o 1HIIOI 100aBKH Ha
BOTHETacCHY €(QEeKTHBHICTh BOJH. TOMy B pO3B'si3aHHI MUTAaHHS II0-
10 e(pEeKTUBHOCTI JO0OABOK OCHOBHA yBara NMpUALISETHCS €KCIepH-
MEHTAJIBHUM JOCIIKSHHSIM.

JlocmipKeHHsT TIpoLiecy TaciHHSA BOJOIO W PO3YMHAMH MOYKHA
MIPOBECTH HA JIAOOPATOPHiN yCTaHOBII, CXeMa SKOi MpeACcTaBleHa
Ha puc. 3.6.
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Puc. 3.6 — Cxema nabopaTopHOT YCTAHOBKH 3 BU3HAYCHHS
BOTHEracHOi €()eKTUBHOCTI BOAM Ta BOAHUX PO3UMHIB
1 — GayoH i3 MOBITPsIM; 2 — EMHICTb 13 BOJIOI0; 3 — peayKkTop; 4 —
MaHOMETpH; S5 — MHEeBMaTHMYHUHA TpyOOIpoBiJ; 6 — rixpaBiidyHUN
TpyOOMmpoBia;, 7 — perymoBaabHU KpaH; 8 — 3pomryBad; 9 — Mo-
JIeNIbHUM ocepeiok noxexi kinacy 1A

[TpuHuMn Aii yCTAaHOBKH HOJIATa€ B HACTYIIHOMY: CTHCHYTE TO-
BiTps 3 OastoHa (1) Mo mHeBMaTUIHOMY TPyOOIpOBOY (5) IOAAETHCS B
€MHICTh (2), 13 siKOi mo TpyOonpoBogy (6) BOrHeracHa peyOBHHA
nojaeThes Ha 00'ekT TaciHug (9). Ilyck Boam 3MIMCHIOETBCS 3a J0TIO-
MOTO0 3amipHOro BeHTWw1s (7). Tuck y 6anoHi 3 MOBITPSIM CTaHOBUTh
120-10° TTa. O6'eM Bozw B eMHOCTI — 5 miTpiB. PemykTop (3), BCTAHOB-
JieHW Ha OaJIoHI, 3MEHIIYE TUCK TaKHMM YMHOM, 1100 Ha BUXOl 3i
3porysaua (8) (iamerp crpucKy 4 MM) THCK cTaHOBHB (4+6)-10° ITa.
Tuck ¢ikcyerbesi MaHoMeTpamu (4). BunpoOyBaHHS IPOBOAATHCS Ha
CleLlaIbHOMY CTEH/I, 1110 3a0e3Meuye MPUTOK KUCHIO, BUTSAT MPOIYK-
TiB TOPiHHSA 1 Bi3yabHHUNA OTJISAL.
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Sk 00'eKT JOCHIKEHHS BUKOPUCTOBYEThCS MOJEIBHUN OCe-
penok noxexi kmacy 1A — e mrabens 3 72 OpycKiB cocHH (BOTKi-
ctio Big 10 1o 14%) 3 monepeyHuM NEpeTUHOM y BUIJISII KBapara
31 ctoponoto 40 MM, noBxuHa Opycka craHoBUTH 500 MMm. Bpyckw,
SKI CTBOPIOIOTH ITOBEPXHEBI I'paHi Tadess, A1 MIHOCTI 3aKpin-
sr0Thes ckoOamu. LlTabens po3Milly€eThCst HA TBOX CTAJbHUX Ky-
TKaX, BCTAHOBJIEHUX HaJ JEKO 3 OCH3MHOM TaKUM YHMHOM, IL0O
BIJICTAaHb BiJI OCHOBH ITa0eis IO TOBEPXHI PIAMHUA CTAaHOBHIIA
400+10 MM. YCTaHOBIIOIOTH JI€peB'siHI OPYCKH TaK, SK MMOKa3aHO Ha
pucyHky 3.7. Bpycku KOYKHOrO HACTYIIHOTO LIapy KJaayThbCs IeEp-
NEHIUKYJIAPHO 10 OpYCKIB LIapy, KU JIC)KUTh HHUKYE, TAKUM YH-
HOM, 1100 BOHM YTBOPWJIM KaHAJIM MPSMOKYTHOIO NEpPETHHY I10
BCHOMY 00'eMy.

Jexo posmipamu 400x400x100 po3mintyroTh Ha miaaTGopmi
mig mrabeneM. BUCTaBISIFOTh J€KO TOPU3OHTAIBHO, JHO MOTO MO-
KPUBAIOTh IIApOM BOAM K 023010 1 3aJIMBalOTh O€H3WHOM A-76 -
THIM y KiibkocTi 1,1 mitp. IlianamoroTs roprovy piauHy, Micis BU-
TOPSTHHS SIKOT JIEKO 3a0MparoTh 3-MiJ mradens. TpuBaicTh BUIbHO-
ro TOpiHHS BOTHHUIIA CTAaHOBUTH 3 XBWIMHH. 3 Biactani 1 metpa
B110YBa€ETHCS TACIHHS OCEPEAKY MOXKEeXi. MoienpHa Mmoxkexka BBa-
JKAETHCS TIOTAIICHOI0, KOJIM TOBHICTIO JIIKBIIOBAaHE TE€TEPOTCHHE
ropinas. Yac raciHHS BH3HAYAETHCSA 3a CEKYHIOMIPOM i3 MOMEHTY
1oJa4i BOTHETAaCHOT PEUOBHHU 10 MPUITMHEHHS TOJYM'STHOTO TO-
PIHHSA 1 IO TOBHOT JIIKB11a11ii TOPiHHS.
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Puc. 3.7 - 3aranbHuiA BUTIISIT MOJEIIEHOTO OCEPEAKY TOKEXKI
kiacy 1A
1 — mrraGensb 13 aepeB'sHuX OpycKiB; 2 — omopu; 3 — MEKO JUIS TMijI-
nairy mradens.

3a IMOKa3HHUKHW BOTHETaCHOL eq)eKTI/IBHOCTi )IO63BOK, o 3a-

crocoBytoThes, B3sTO Koedimientn Ky 1 K. Koedimientr Ky moxka-
3y€, Y CKIJIBKM pa3iB 4yac JIKBiJALIl MOJyM'sTHOTO TOPiHHS BOJOIO

Oinbie, HiXK posunHamu 100aBok. Koedimient Ky mokasye, y cki-
JIBKYU Pa3iB 4ac MOBHOTO NPUIUHEHHS FOPiHHA (BKJIIOYAIOYH 1 reTe-
pOTeHHE Yy pa3l TOPIHHSA TBEPAMX TOPIOYUX MarepiajiB) BOJIOIO
OlIbIIe, HIXK pO3YMHAMH J00aBOK:

T1Bon 12801
Kj=——, K, =———, (3.16)
Tlposq 1:2p03q
ze T1son> Tlposu — YaC JMIKBINALli MOJIYM'SHOTO FOPIHHS BOAOK 1

PO3YMHOM J100aBKH BiJIOBIIHO;
T2s01> T2posy — 44C MOBHOI JIIKBiJalii TOPIHHA BOJOK i pO3-
YUHOM J00AaBKH BiIOBIIHO.
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2.1 IMinBuieHHs BOTrHeracHoi e()eKTUBHOCTI BOAU INpPH
BHKOPHMCTAHHI 3MO4yBayYiB

[cToTHUM HemoNiKOM BOAM € ii MOPIBHSHO HU3bKa 3MOYY-
BaJbHA 3JaTHICTh 1 BEJIMKA TEKYy4ICTh, SIKI OOYMOBIIEHI BHUCOKUM
3HaYEHHSAM KoedillieHTa TOBEPXHEBOI'O HATATY TPU BiTHOCHO
Maniiit B'a3kocti (auB. Tabn. 1.2). Lli B1acTUBOCTI BOIU 3yMOBIIO-
I0Th TOH (DaKT, IO TIOBEPXHS 3ITKHEHHSI KPaIleJib BOAM 3 TaJIAI090I0
MOBEPXHEIO HEBEJIMKA, 1 IPU I'aCiHHI BOJA 3 HUX LIBUJIKO CTIKAE.

Jly’xe Ba)XKKO TaCHUTH BOJOKHHUCTI, MHJIONOAIOHI Ta 0CcOOIMBO
T4l MaTepianu. TIIHHIO TMIIAI0ThCS MaTepiain 3 BEJTUKOIO MHTO-
MOIO TIOBEPXHEIO, y IOpax SIKMX MICTHTHCS TMOBITPS y KIJIBKOCTI,
JOCTATHINA JUIsl TMIATPUMKHA TOPIHHS, TOMY TakKi MaTepiaid MOXYTb
TOPITH MPH 3HAYHO 3MEHIIEHOMY BMICTI KHCHIO B HaBKOJHIIHbOMY
cepenoBuiii. [IpOHUKHEHHs] BOTHETAaCHUX 3acO0IB y MOPH TIIOUUX
MarepiaiiB, K IPaBUIO, JOCUTh YCKIAAHEHO. Binomuii, Hanpukian,
BUIA/I0K, KOJIM CKMHEHA B PiKy MHajaiova Kura 0aBOBHH MPOJOBKY-
BaJIa 3CEPEIMHU JKEBPITH MICIS TOTO, K 1 BUTAIIIM 3 PIKU Yepe3 Ki-
JbKa TWXKHIB. Benmuki TpynHOIl BUKIMKA€e 3a0e3neueHHs] HaJliiHOTro
raciHHA MOXEX TEIUIOI30JALINHNX KOHCTPYKTHBHUX E€JIEMEHTIB (Ha-
NPUKIIAJI, BEIUKUX XOJIOJWIBHUKIB), BUKOHAHUX, SIK MPABHUIIO, 13 BO-
JIOKHHUCTUX MaTepiamiB. Hepigko B mogiOHUX BHIAAKaX JOBOJUTHCS
poOUTH MOBHE PO3OMPAHHS TAKUX KOHCTPYKTHUBHUX elleMeHTiB. Kpim
TOTO, JIEPEBHE BYTULIA, IO YTBOPIOETHCS HA TOXKEXKaxX MPH TOPIHHI
LENIONIO3HUX MatepiaiiB (IepeBUHHM, OaBOBHH, Mamepy, TKaHWUHH,
CiHa, COJIOMH Ta IHIIMX), Ma€ riApodoOHI BIACTUBOCTI, IO HE
JI03BOJISIE BOJII MIPOHUKATH y TIOPH BYTULIS; IPU IIbOMY IPOLIEC OXO-
JIO/KYBaHHSI BiZIOyBa€ThCS TIOBLIBHO.

Jlyis 30UIbIICHHS TUIONI 3ITKHEHHS BOJOU 3 JIEPEBHHOIO, IO
TOPHTH, 1, OT)KE, MIBUIKOCTI OXOJIO/DKYBaHHS Ha MPAKTHUIIl, B 3aJie-
KHOCTI BiJI KOHKPETHUX YMOB, BHKOPHUCTOBYIOTH KOMIIAKTHY 4Yac-
TUHY CYIUJTBHOTO CTPYMEHsI a00 pO3MIICHHHA CTPyMiHb. Y TepIIo-
MY BHIAJKy IUJIOIIA MOBEPXHI 3ITKHEHHS 30UIBIIYETHCS 32 PAXYHOK
BBEJICHHS BOIM i1 THCKOM B MOPHU BYTULIA, Y IPyrOMy — 3a paxy-
HOK I0Jlaul BOJAM Ha BEJUKY Iuomry mnosepxHi. Lli mnpuitomu
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IPUCKOPIOIOTH TPOLEC TaCIHHS, ajlé HE MOXYThb 3HAYHO 3HM3HUTHU
IHTEHCHBHICTH HOJa4l BOAY Ha racidHHs.

Takum yuMHOM, 3HA4YHA YaCTMHA BOJAM, IO NOJAETHCS B 30HY
TOPiHHS JUIS TaCIHHS TOXKEX1, MPAKTUYHO BUTPAYAETHCS TAPEMHO 1,
OlIbILIEe TOTO, y IPOIIECI FaCiHHSA 3aiiBl MPOTOKU BOAM HAHOCSTH J0-
JTATKOBHH MaTepiaibHUH 30MTOK. YacTKOBO IIi HEJOJIKH BOJH 5K
BOTHETaCHOI'0 3ac00y KOMIIEHCYIOThCSl 3aCTOCYBAaHHSM PO3YMHIB
creniajgbHuX 100aBOK.

JIn1s moMiNIIeHHs] BOTHETACHUX BJIACTUBOCTEN BOJIM HEOOX1THO
3MEHIIUTH i1 TOBEPXHEBUI HATST 1 MIABHUIIUTH 3MOUYYBAIBHY 37aT-
HICTh. Y IIbOMY BHUMAJKY MPHU 31TKHEHHI 3 MaTepiajioM, 1110 TOPHUTH,
BOHa OyJie po3TiKaTHCA MO HOro MOBEpXHi, MOKPUBATH BEIUKY ILIO-
11y, JIeriie MpOHUKaTH B MOPH MaTepiady i 0XOJIOIKyBaTH Horo, a,
OTKe, MO)KHA IIBUAIIE JNOCATTH edekTy racinus. [y 3MeHIIeHHs
MMOBEPXHEBOT0 HATATY BOJIM MPHU TACiHHI MOXKEX TOPIOYMX PEYOBHUH,
IO TOTaHO 3MOYYIOTHCS BOJOKO, 3aCTOCOBYIOTHCSI BOJHI PO3YMHHU
3MOYyBayiB. 3aBISKH 1[LOMY Kparuli BOJAM BTPayarOTh KyJIECHOJIOHY
(dopMy, JIErKO PO3TIKAIOThCA Ta MPOHHUKAIOTH Yy Kalusipu ¥ mopu
TBEPAMX TOPIOYMX MaTepiaiiB, BUTICHSIIOYH 3 HUX MOBITPSI.

3Mo4yBayi, M0 3aCTOCOBYIOTHCS ISl 3MEHIICHHS TTOBEpXHE-
BOT'O HATATHEHHS BOJAH, € HOGEPXHEE0-AKMUGHUMU DPEYOBUHAMU
(I1AP).

Ilosepxneso-akmuenumu HA3UBAIOTHCS PEYOBHHM, 3/aTHI
IPY PO3UMHEHHI Yy BOJII HAKOIIMYYBATHCS HA MOBEPXHI, 3MEHIIYIOUU
MMOBEPXHEBUH HATSAT HA MEXI 3 MOBITPSAM a00 1HIIMM CEPEOBUIIEM
1, TOJIOBHMM YMHOM, 3[IaTHI Pi3KO 3MiHIOBAaTH MOBEPXHEBHI HATAT B
3JIC)KHOCTI Bl KOHIIEHTpAITii.

[lo BiAHONIIEHHIO /10 BOJM MOBEPXHEBO-aKTMBHUMHU € MHUJIA,
com cynb(hOBaHUX BYTJEBOJHIB, CIIUPTH, aMiHHU, MeppTOpoBaHi
BYTJIEBO/IHI, OLIKH, MPOAYKTH iX MEpEepOOKH Ta 1HIII CTIOIYKH.

Sk mpaBuio, 1l PEYOBHHH MAlOTh aCUMETPHUYHY OYJIOBY 1 €
nedinbHUMHU, TOOTO CKJIAJAIOThCs 3 KOPOTKOI MOJSPHOI Ta JOBroi
HernosipHoi yacTuHU. [lonspHa wactuHa monekynu [1AP (Ha puc.
3.8 wactuHa 0), sika 10Ope TiapaTyeThCs, BU3HAUAE POZYMHHICTD il
y Bomi. Hemomsphna ByrmeBogHeBa dYacThHa Mosiekynu IIAP
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(Ha puc. 3.8 yacTHHA @) PO3TALIOBYETHCA B MOBITPI ab0 B 1HILIN
HETOJISIPHIN PEYOBHHI, IO MEXKYE 3 BOTHUM po3unHOM [TAP.

0o~
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Puc. 3.8 — PosranryBanns monexyi [TAP
y IOBEPXHEBOMY IIIapi BOJIU
a — rigpodobna yactuHa monekynu [TAP,
0 — riapodinbHa YaCTHHA MOJICKYIIH.

Bnactuocti ITAP 3aiexats Bij XiMig9HOI pUpOAH Ta Oy10-
BU MouiekyJ1. [TAP yMOBHO MOkHa pO3JIIJIMTH HA JAB1 BEJIUKI TPYIIH.

Jo mepmoi rpynu BiTHOCSTBCA PEYOBHHHM, SKI PO3UYHMHHI y
BOJIi, aje He JUCOLIIOITHh 1 He CTBOPIOIOTH 10HIB, — HEIOHO2eHHI
IIAP. ]Io HEIOHOTEHHUX PEYOBHMH MOXKHA BIJHECTH MOJIOKCHCIIO-
JTyKH, TIpocTi noJiedipu, momiaMiad. PO3UnHEHHS TakuX CHOIYK Y
BO/JIl 3yMOBJICHO CTBOPEHHSM M)XK aTOMaMU OKCUI'€HY IIUX CHOJYK 1
MOJICKYJIaMH BOJM BOJIHEBOTO 3B'SI3KY W YTBOPEHHSIM TiapaTiB.
ByrneBogHeBa yacTrHa, 0 BXOJUTH y CIOJYKY, 3yMOBIIOE 11 Tij-
po¢oOHI BIACTUBOCTI.

Ax monmiOHI 3MoYyBadl MPHU IMOXKEKOTACIHHI BUKOPHUCTOBY-
10Tbcst 3MouyBau JIb, emyneratop OII-4, momoMiXHiI pEYOBHHU
OI1-7 1 OII-10, mo € mpoaykTamu npueaHanus 7+10 mMonekyn eTu-
JICHOKCHUJY 0 MOHO- 1 AlankinideHosam, ankiIbHUM pauKal sSKux
MicTuTh 8+10 aTOMiB ByTJICIIIO.
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VY apyry rpyiy BXOISTh PEYOBHHH, MOJIEKYJH SKUX MPH PO3-
YMHEHH] y BOJI AMCOLi0I0Th Ha 10HU. Taki I[TAP Ha3zuBaioTh iono-
2enHumu. B 3a1€XHOCTI Bif 3apsily BYTJIEBOJHEBUX 10HIB iX ALISATH
Ha J[BI MIATPYyTIH:

— KaTiOHOAKTHUBHI, IPU TUCOINAIll] SIKUX YTBOPIOETHCS MO3U-
TUBHO 3aps/DKCHU BYTJIEBOJHEBUN 10H 1, SIK MPABUIIO, HEBEITUKUMA
HEOpTaHIYHUH aHIOH, 110 3YMOBIIOE PO3YHHHICTH MOJIEKYJIH y BOJI
(coi BUCOKOMOJNIEKYJISIPHIX OpTraHIYHUX a30TOBMICHUX CIIONYK);

— AHIOHOAKTHWBHI, TPH AHCOIIAIi SIKUX yYTBOPIOETHCS HETa-
TUBHO 3aps/UKCHUN BYTJIEBOJHEBUI 10H 1 HEBENMKUH KaTiOH, IO
3yMOBITtO€ po3unHHICTh [IAP y Boail (Muna, opraniuHi cynbdaTy i
cynb(hoHaTH, Bigomi sk "Mutodi 3acoou").

[TutanHs 3acToCyBaHHS 3MOUYyBadiB JUIA IIJIEH IOXKEXOTra-
CIHHSA TOCUTH JIETAJILHO PO3TJISHYTI B podoTax [54, 55].

HaiiGinpm mmpoko B TMOXKEXKHIH OXOpPOHI 3aCTOCOBYIOTHCS
aHIOHOAKTHUBHI CMONYKH. [0 HUX BITHOCSTHCS:

—aJIKUICyNnb(aTH MEPBUHHUX 1 BTOPUHHUX CIHPTIB (OTpH-
MYIOTh CyJb(aTyBaHHSIM >KHPHUX CHHUPTIB CIPUAHOIO KHCIIOTOIO 3
MOJJATBIIIOI0 HEUTpaTi3alli€ro IyroM);

—ankinapwicynbpoHatu (cyiabdonomn HII-1 1 HII-3, ski
CHUHTE3YIOTh 13 O€H30ily 1 MOJiMepiB NPONUICHY 3 MOJANBIINM CY-
npdaTyBaHHIM 1 HEHUTpali3aIieo aaKUIOeH30JICYIb(OKUCIIOT,
3MouyBay aulytunHadTanin cynshonar Hb);

—ankincynb(oHaTH (YTBOPIOIOTECS CYJb()OXITIOpUPYBAHHIM
napadiHOBHUX BYTJIEBOIHIB);

—3MmouyBad PAC (otpumytots 3 (pakimii racy 3 Temmepary-
poto kuminas 160-310°C i3 moganbmmM Cyab)yBaHHAM CipYaHUM
aHT1JIPUIOM).

Cepen 3MO4yBadiB MOXKHA BHILJIHTH OKPEMO TPYITy TUTIBKO-
YTBOPIOIOYHX (PTOPBMICHHUX TTOBEPXHEBO-aKTHBHUX PEUYOBUH, SKi
BUKOPHCTOBYIOTH B OCHOBHOMY [UISl TaCiHHS MOKEX Kiacy B. Bonn
3HWKYIOTh TOBEPXHEBHI HATAT BOJHOTO PO3YMHY 10 BEIMYHHH,
MEHIIIOI, HIK y OpPraHIYHOTO PO3YMHHHUKA, 3a0€3MeUylOYd YMOBY
TUTaBYYOCTI IJTIBKH, IIO YTBOPIOETHCS HA OpraHiuHiil piguai. [Tpu-
KJIQZOM TaKUX PEYOBUH MOXYTh OyTH MiHOYyTBOproBaui (ipmMu
Minnesota Mining and Manufacturing Co (3M) mia Ha3BoO "nerka
Bosa" (y maTeHTi Ha Iel MiHOYTBOPIOBAY yKas3aHUU psn (ropoBa-
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HHUX  BYIVICBOJIHEBMX  CIONYK, XIMI4HI  GOpPMYJIH  SKHX
C¢F13SO,;NH(CH,)3N(C,Hs),, C7F15CONH(CH_);N(CHj3)3l,
CsF17S0:N(C;H5)CH,COOK Tta iH.), mHOYTBOpIOBaYi, IO BH-
myckaroThes B Pociiichkiit denepartii, Taki sk @opeton (cymim ¢ro-
poBanux 1 HepTopoBanux [IAP i3 no6askamu) i [IOD-9M, ninoyT-
BoproBau “IITIJIB-(YHuiBepcan)”, sikuii po3pobieHuii B YkpaiHi.

Maitxe Bci ITAP, 1m0 BUKOPUCTOBYIOTBCS Ui ILIIEH TOXKe-
JKOTACiHHS, — PIAMHU 3 PI3HOIO B'A3KICTIO, TUIbKH cynbdonon HII-
1, 3mouyBau Hb 1 cynapdoHatn geskux Mapok — TBEP/l PEUOBHUHU 3
pizHoro Mipoto pozunHHOCTI. Cynbdonon HII-1 nmorpiOno rotyBatu
JUIIE y BHJI PO3YMHY poOouoi KoHieHTtparii. 31 3mouyBaya HbB 1
CyJb)OHATA MOKHA OTPUMATH KOHIICHTPOBAHI PO3YHMHHU, SIKI TIOTIM
MOJKHA ITJICMOKTYBAaTH 110 BOAHM a00 MEPEHOCHUMH €KEKTOPaMH,
abo 3MilTyBa4aMu TOXKEXHUX aBToMoOuTiB. Emymnsratop OII-4,
nonoMixkna pedosuna OII-7, 3mouyBau JIb — B'a3ki pigunu. Ix 3a-
3/1aJIeri b po30aBIsAIOTh BOJOO 1 MOTIM MiAMINIYIOTH 10 BOAM. [HII1
PEYOBHUHU — PIIMHU, IO J0OpE 3MIMIYIOTHCS 3 BOJIOK. BOoHHU Jierko
HiJCMOKTYIOTBCS €XKEKTYIOUUM MPUCTPOEM.

Pozunneni y Boai monekynu [TAP aGcopOyroTeest Ha moBepx-
Hi BOAM 1 KOHLEHTPYIOTHCA 3 YTBOPEHHSIM MOHOMOJICKYJISIPHOTO
mrapy, Ipu IbOMY PO3TAlIOBYIOYHCh Ha MeXi po3airy (a3 Boma-
MOBITPSI TIEBHUM YHHOM.

[TokaxxeMo 11le Ha MpHUKJIAAl aHIOHOAKTUBHOTO 3MOYYyBaya.
AHIOHOAKTHBHHI 3MOUYYyBay CKIIQJIA€ThCS 3 TTapadhiHOBOTO JIAHITIOTA
(D) 1 3anmumky (pagukana) anioHoaktuBHOi rpymnu (1I):

CH; -CH, -CH,-CH, - SO3” —Na”
I || S

[MapadiHoBuit TaHITIOKOK, SKHIA, B 3aJICKHOCTI BiJ] YKCIIa aTOMIB
BYTJICIIFO, MOXE MAaTH Pi3HY JOBXHHY, — Lie TiapodoOHa  YacTuHa,
TOOTO HE PO3YMHHA Yy BOJIl. HeratuBHO 3apsyKeHni aHIOHOAKTUBHUI
panukai — riapodin. KaTion HaTpir0 9aCTKOBO JHCOIIIIOE.

Moekyni KOHIIGHTPYIOThCSI Ha TMOBEPXHI BOJIU TaKUM YH-
HOM: YaCTHHA MOJIEKYJIH, SIKa BiJIIITOBXYETHCS BOJIOIO, PO3TAIIOBY-
€TbCS HaJl OBEPXHEIO BOJIM Ta YTBOPIOE MOHOMOJIEKYJIIPHUH 1Iap;
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1HIIIa YaCTWHA, MPUTATHYTa BOJIOIO, 3a0e3leuye 3HIWKEHHS ii 1o-
BEpXHEBOTO HaTATy (nuB. puc. 3.8). Konnenrparis [TAP y moBepx-
HEBOMY L1api 3Ha4HO OublIa, HIXK B 00'eMi. MoJieKyn BOJIU CBOEIO
MO3UTHUBHOIO YaCTHHOIO XAOTUYHO MiJCTPOIOIOTHCS 0 HETaTUBHOI
YaCTUHU MOJIEKYJIM 3MouyBaua. lLlel mpolec Ha3HMBaeThcs co-
Jb6amauicio.

[TapadinoBa yacTHHA MOJIEKYJIM 3MOYyBaya 100pe KOHTAKTYE 3
BOJIOHEPO3UMHHUMH OPTraHIYHUMHU pEeUYOBHHAMU. TOMY KOJIM BOJHHUH
PO3YMH MOINA/JAE HAa MOBEPXHIO BAXKKO 3MOYYBAHOI PEUOBHMHM (Ha-
NPUKIaJ, TyMH, KaM’ SHOBYTUIBHOTO MWy, BYIJIEIO), TiapodobHa
YacTMHA MOJIEKYJ 3MOYYBadiB MPHUTITYEThCS O II€1 TIOBEPXHI.
lapodinpHa yacTHHA 3MOUYBaviB HANpaBlieHa y BOJY, 3aBISKU UYO-
My MOJIEKYJIM 3MOYyBaya CTalOTh HIOM IMOCEpEeAHUKAMH KOHTAaKTY
MDK MOJIEKYJIAaMH BOJIY Ta BaXKKO 3MOYYBaHOI pEUOBHUHH.

KinpkicTh 3MOuUyBaua B po3uMHI MOBHHHA OyTH TaKolo, 11100
HOro MoJIeKyJIn HajliHO 3a0e3nedyBaid yTBOPEHHS MOHOMOJIEKY-
JSPHOTO IIapy Ha MOBEPXHI BOAU. BiNbIIiCTh PO3YMHIB 3MOUyBaUiB
IpU Takiil KOHIEHTpalii MaroTh HAOUTBII cTaOUIbHY 3MiHY (i3U4-
HUX BJIACTUBOCTEH.

Monekynu 3MoO4YyBada B CHJIBHO pO30aBICHHMX pPO3YMHAX
po3'enHaHi, ane 3 MiJBUIIEHHSIM iX BMICTY B PO3YHHI NpHU MEBHIN
KOHIICHTpaIli, Ika Ma€ Ha3BY "KpumuuHoi KoHyenmpauii miyeno-
ymeopenna' (KKM), B cuctemi 3 okpemux Moiekyis [TAP nmouu-
HAIOTh YTBOpIOBaTHUCA Milenu. BoHu sBis0TE cobolo arperartu, B
SKHX MOJIEKYJIU 3JTUMAIOThCS BYTJIEBOTHEBUMH KiHISIMH i 3BepHEHI
70 BOJIU CWJIBHO MOJIIpHUMHU Tpynamu. CroyaTKy YTBOPIOIOTHCS
chepuuni minenu ['apTies, siki 3 TOMATBIITAM 30UTBIIEHHSIM KOH-
[EHTpAallii TepeXoiTh y MIacTUHYATI Minenu Mak-beHa, 1o Hara-
IyI0Th 3a OyIOBOIO JBOMIpHMI KpucTana. AHIOHH a0copOyrOTh
HEJIMCOLIOBaHI MOJIEKYJIH, MMPU 1IbOMY YTBOPIOIOTHCS MIIENH, 10
ckianatotees 3 20 000-30 000 monekyn 3MouyBava. Bennunna mi-
LIEJIN BU3HAYAETHCS TiAPOPOOHOI0 YACTUHOIO MOJICKYJI; MOIICKYJIH
JKHPHHX KHCJIOT yTBOPIOIOTH MaJICHBKI MIIeNH, SKi HEeIO0CTaTHHO
MOBEPXHEBO aKTHBHI.

JI1st G1IBIIOCT] pO3YMHIB 3MOYyBaviB nipu KoHeHTpamii  0,5-
2% nocsAraeThCs TpaHWMYHE 3HAYCHHS MOBEPXHEBOTO HATATHEHHS 1
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3MOYYBAJIbHOT 3[aTHOCTI, SIKI MPHU TOJAIBIIOMY 30UIbIIIEHH] KOH-
[IEHTpaIlii 3MIHIOIOTHCS HE3HAYHOIO Mipoto (JIuB. puc. 3.9).
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Puc. 3.9 — 3anexHicTh NOBEPXHEBOr0 HATATY (a) 1 3MOUYYBaJIbHOT
31aTHOCTI (0) BiJl KOHIIEHTpAIlii TOBEPXHEBO-aKTUBHUX PEYOBUH
(ITAP) y po3uuHi
1 — Boguuii po3unH ankincynbdartiB Hatpiro paxiii Ce—Cie; 2

— BOJHMH pO34MH OyTHIIHA(TANIHCYIb(OHATY HATPIIO.
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KoHueHTpalis Jesikux 3M04yBadiB MOXE CTaHOBUTH 110 5%.
BrnacTuBOCTI BOIHUX PO3YMHIB JESIKHX IOBEPXHEBO-AaKTHBHUX De-
YOBUH NpUBECHI B Tabauii 3.2.

Tabnuus 3.2 - BrnacTUBOCTI BOJHUX PO3YUHIB TOBEPXHEBO-
aKTHBHUX PEYOBHH Yy 3aJISKHOCTI Bif iXHBOT
KOHIICHTpaLii
3natHicTs 10 | IloBepxHeBmii
Konuenrpa-
AP gy 3MOYYyBaHHS, € HATHT,
L, o 10° Hm'!
0,25 45 33,1
cyJboHoI 0,5 20 31,9
XJIOPHUI 1 10 31,7
2 6 30,9
0,25 11 31,1
cynbhoHaT 0.5 6 29,5
1 3,7 28,6
2 3,5 28,1
0,25 600 47,2
0,5 21,4 38,6
3mouyBay Hb 1 24 34.6
2 1,8 34,0
0,25 42 42,9
aNIKUICYIb(aTu 0,5 9.1 33,7
(C10—Ci6) 1 5 30,3
2 4 29,9
padiHoBaHMI 0,5 600 42,7
aNKinapincy- 1 28,6 37,1
nbdoHar 2 6,2 35
(PAC)

Haii6ip11 mmpoko BOAHI PO3YMHHU 3MOYYBaUiB 3aCTOCOBYIOTh-
s JUTS TaCIHHS TIOXKEXK TBEPAMX TOpIoYMX MarepiamiB. Y Tabmuri 3.3.
NpUBE/ICH] pe3yIbTaTH MOPIBHSIBHOI OIIHKK €(EeKTUBHOCTI Bou 0e3

150




n06aBkH 1 3 100aBKoro 0,2%-HOro po3unHy Cysb(OHATY NpU TaciHHI
MOJICITEHOTO OCEPEIIKY MOKexki kinacy 1A.

Tabmuus 3.3 — IlapameTpu MOXKEKOTACIHHS MOJICTBHOTO OCEPENIKY
noxexi k1acy 1A BoJOK0 1 pO3YMHOM CyJib(oHATY

Bonxa
[TapameTp noxexoraciHHs 6e3 3
100aBKH | 100aBKOIO
Yac racinns, ¢ 206 90
3arasibHa BUTpaTa BOJM, JI 16 3,6
TIuToMa BUTpaTa, 1 M~ 25 5,6
Kputnuna iHTeHCUBHICTB TI0/1a41, JT M 0,12 0,06

3 UX JJaHUX BHJIHO, L0 IPU BBEJECHHI J00ABKH Cylib(oHATY
BUTpaTa BOAM HA TaCiHHS 3HIDKYETHCS B UOTUPH Pa3M, a 4ac TaciHHs

— Olnble, HIK y ABa pasu, npu upomy 3riiHo (3.16) 3Hauenus Ky
JOpiBHIOE 2,3.

Pe3ynbraTy raciHHs NOXEX Yy KHUTIOBUX OYyIIBISAX 1 KBapTH-
pax po34MHOM 3MOYyBava Cyab(OoHOJIA MPUBE/eH] B TabmuIl 3.4 1 B
nonatky B.

VY nocnigax i3 raciHHS psAAy MOXKEX Kiacy Aj 3aCTOCYBaHHS
3MOYYyBayiB TaKOX MPUBOIUTH JI0 ICTOTHOTO 3HMKEHHS KPUTUYHOI
IHTEHCHUBHOCTI TMOJ[a4i BOTHETACHOTO PO3YMHY W Yacy racinusa. Ha-
npuKiIaa, B poboti [56] Oyno 3a3HavyeHo, 1o npu racigi 1 T Texc-
TOJIITY BUTpaTa BoAu 3 no6aBkoro Ounst 3,5% I10-6 3HMKYETHCS
npubnu3Ho B 1,5-2 pasu. ['aciHHsA aBTOMOOUIPHUX IIUH 13 3aBaHTa-
skeHHsaM 100 KT M~ i3 3acTocyBaHHSIM 3MouyBada JIB (2%) 3iii-
cHIoeTbCsl B 1,7 paza mBuame. Ilpu raciHHi kKaydyky (IeKijgbka
mTabeniB po3MipoM 4x4x2 m) 5% pozunHOM ajkiapuicyibhoHa-
Ty TOpiHHS OyJIO JIIKBIIOBaHO 3a 2 XBWJIMHH, TOA1 SIK CYLIJIBHUM 1
PO3MIWICHHM CTPYMEHSIMH YHCTOI BOJIM 3a THX )K€ YMOB TacCiHHS
JIOMOTTHUCS HE BJIAJIOCS.
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Tabnuusg 3.4 — OCHOBHI IapaMeTpH MOKEXKOTaCIHHSA ACIKHX MOMKEXK
32 JIOIOMOrOI0 BOJHOIO PpO3YMHY 3MOYyBaua

(cynbdoHoiia)
> < -
5= %| 5 |2F
- - > (-9 0 =
25| E| v |EET
O06’eKT ropinns i 23| E 2 |88y
IJI01LA rOPiHHSA Ez| & S = |22 2
=" [>) =) = [
= E < E =
2 |7 | =2 |78
JepeB’siuuii OyIMHOK, Hl,.[[FOTOBJIeHI;II/I 2000 | 15 1.1 0.012
1o 3HeceHHs1. [lnomta ropinnst 180 m
ITenpka. [Tmoma ropinus 94 M 1600 | 15 17,0 0,09
i[zepeB stHa Tapa. [lmoma ropinas 87 1000 | 12 11,5 0.018
Hepen’sine Ml)IFl'IOB@pXO]ZSC MEPEKPUT-| 1000 | 1 19.2 0,031
1s1. [noma ropinas 52 m
Z[epeB siHa Hzmnora, momku. [lmomma 1000 | 20 143 0.012
ropinss 70 m

Haii0inpmmii edext 106aBKM 3MOuyBaya Jal0Th MPHU TaciHHI
TaKUX MarepiajiB, Kk 0aBOBHA, KyIH Tarepy, AePeBHUN U, JI1CO-
BUU TPYHT. Y TaKuX BHIAJKaX JJIs IMPAKTUYHOI'O 3aCTOCYBAHHS pe-
KoMeHAy0Tbes 0,75% po3uynHu 3MOUyBayiB.

Jlocniay 3 TaciHHS MOJIyM'st TOPIOYUX PITUH BOJAHUMH PO3YH-
HaMM 3MOYYBaviB TaKOXK MOKa3aju iX OUIbII BUCOKY €(hEeKTHUBHICTbD,
B MTOPIBHSIHHI 3 YUCTOO BOJIOKO [57].

Pe3ynpratu mociiaiB mo raciHHO TpaHC()OpPMaTOPHOTO Macia
BOJHMMH po3unHamu pizHux IIAP mpencraBneno na puc. 3.10.
[TyHKTHpHOIO JIHIEID TO3HAYCHO BEIUYHHY KPUTHYHOI IHTCHCHB-
HOCTI TIOJIa4i YMCTOI BOJU Ha TaCiHHS MOJICIIBHOTO OCEPEIKY KIIacy
13B (13 1 Gersuny Mapku A—76 roputb Ha o 0,41 m?).
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Puc. 3.10 — 3ayexHicTh yacy racinis TpaHcGOpMaTOPHOTO Maciia
BiJl IHTEHCUBHOCTI TI0JIa4il BOJJHOTO PO3YHUHY

HaiimeHiry KpUTHYHY 1HTEHCHBHICTh Mofaul Mae 2% po34uH
3mouyBada Cammo, npu npomy kKoedimieHT edexktuBHOCTI Ky = 7
(mns 2% pozuuny 3mouyBaya TEAC xoediuient Ky = 4, nna 4%
po3uuny I10-6K koediuient Kj = 3).

OpnHak, TOSICHEHHS MiJBUIIEHHS BOTHEracHOi €(eKTUBHOCTI
BOJHOT'O PO3YMHY TIPU TAaCIHHI TOPIOYUX PIAMH 13 3aTyUEHHSIM MeXa-
Hi3My Jii 100aBKHM NMPH TaciHHI TBEPAUX TOPIOYUX PEYOBUH (TOOTO
TIOJTIIMIIIEHHST 3MOYYBAJIbHOT 3/IaTHOCTI BOJM) HempaBoMipHO. Tak,
raciHHA TOPIOYMX PIAMH 3 HU3BKUMH TeMIIEpaTypaMH Crajiaxy Bif-
OyBa€eThCS 3aBISKH OXOJIOKEHHIO Ta30Boi (pa3u (30HMU ropiHHA), a
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raciHHs TOPIOYMX PIIUMH 13 BUCOKMMM TeMIIEpaTypaMu crajaxy — 3a
JIOTIOMOTOF0 OXOJIOJIKEHHSI IOBEPXHEBOT'0 IIapy.

EdexTuBHICTh TaciHHS B Ta3oBil (a3i 3yMOBJEHA MiJABHILE-
HOIO TIPOHHUKAIOYOK0 3JIATHICTIO MOTOKY PO3MWJICHOTO PO3YHHY B
30HY TFOpiHHS, OCKUIbKU HasBHICTH 1apy IIAP Ha moBepxHi kparii
YCKJIQJIHIOE BUTIAPOBYBaHHs BOIU. Tak, MIBHIKICTh BUIIAPOBYBAHHS
Kparneiab po3uuHy, 110 MictuTh 0,1% oneaTy HaTpito, 3HHKYETbCS
Ha 20--40% [58].

3 iH1oro 60Ky, npouec JpoOIeHHs Kparli B Ta30BOMY MOTO-
Ky 1 Ipu yzaapi o0 MOBEPXHIO po3AiTy (a3, IKUH XapaKTepu3yeTbCs
kputepieM BeGepa We, BU3HauaeThCsl MOBEPXHEBUM HATATHEHHSAM
pinuan ¢ (nuB. (3.7)). Skmo kpurepiit Bebepa nepeBuiiye aeske
KPUTUYHE 3HAYCHHS, BiIOyBaeThCs ApoOseHHs Kkparwti. OTxe, 3HH-
KEHHs Koe(illeHTa MOBEPXHEBOr0 HATATY IpPH BBEJCHHI J100aBOK
ITAP mipy otHaKOBii BeTMYMHI Kpamnesb Ta iX MBUIKOCTI B MOMEHT
31ITKHEHHS! IPUBOJUTH A0 OUIBII IHTEHCUBHOIO JPOOJIEHHS Kpamnelb
13 3MeHIIeHHIM po3MipiB "ockoiki". Ilpu 1pboMy mUTOMa MOBEPX-
HS TeIUI000MiHY 30UIbLIYEThCA B 3-5 pasiB.

Kpim Toro, kpamii po3uuHy, MONajaldd Ha TOBEPXHIO TO-
PrOYOT PIIMHU, MOXKYTh PO3TIKAaTHUCSA MO Hil 1 CTBOPIOBATH J101aTKO-
BUH 130JTI0OF0UNH €EeKT 3a paXyHOK 3HIDKEHHS IHTEHCUBHOCTI BUTIA-
POBYBaHHsS TOpIOYOi PEYOBMHU Yepe3 INap BOJAHOIO PO3YMHY.
Haii6oinpm eekTHBHO 3 1€l TOYKH 30py TpOsSBIIIH cedbe GpTopoB-
MmicHi [TAP [59]. Tak, nobaBku y Boay (hTOpOBaHHMX MOBEPXHEBO-
aKTUBHUX pedoBHH, Takux sk Cammo, ®opeton, [TOD-9 (y kigbko-
cti 0,5%), npu raciHHi TOPOYUX PiIUH APiOHOPO3NHICHUMHU CTPY-
MEHSIMH CKOPOYYIOTh Yac TaciHHA y Tpu pas3u. PozumHm ¢roposa-
Hux ITAP MaioTh BIAacTUBICTH PO3TIKATUCS TOHKUM IIAPOM IO
MOBEPXHI TOPIOYUX BYTJEBOJHEBUX PIAUH, TYCTHHA SKUX Ha 15-
20% HIKYe 32 TYCTHHY PO3UMHY, NPU I[bOMY Ha MOBEPXHI piAMHU
YTBOPIOETHCS CTiMKa IIiBKa. Taka IUIIBKAa TPUBAIMM Yac 130JI10€
J3€pKaJio PIAMHU Bl HABKOJHUIIHBOTO MPOCTOPY, MEPELIKOKAIOUN
Buxony ii mapu. HaBiTe MexaHiuHe pyilHyBaHHS (3CyB, BUIAJICHHS)
YaCTUHU MLi€1 IUTIBKY IUIIXOM 1HTEHCUBHOTO NepeMilllyBaHHS JIUIIE
HEHAaJIOBIO "Orotoe" A3epKago roproyoi piauHu.
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[Ticnst mpuNMHEHHS MEXaHIYHOTO BIUIMBY IUIIBKa BOJHOTO
PO3UMHY 3HOBY IIBHJKO 3aTATYETHCS, IIOKPHBAIOYN BCIO TTOBEPXHIO
CYUUIBHUM IIapoM. JIJisi yCHIIHOro TaciHHS IJTiBKOYTBOPIOIOUYUMHU
CKJIaJJaMl CTPYMiHb BOTHETaCHOI PEYOBMHU HEOOXIJHO MOAABATH
i1 HEBEJIMKUMHU KyTaMH JI0 TOPU30HTY, OCKUIBKHM IIPU LILOMY 3HH-
KYEThCSI TMHAMIYHUHN BIUIMB CTPYMEHS Ha 3pPOIIYBaHY IMTOBEPXHIO,
10 CHpHsiE€ YTBOPEHHIO CTAOUIBHOI IUTIBKH 1 MepeIKoKae i pyi-
HYBAHHIO.

TakuM 9uHOM, MeXaHi3M il mo6aBok [IAP mo Boam mpu ra-
CIHHI MOJTyM'si TOPIOYUX PIJIMH TOJIATA€ Y 3HWKEHHI 1HTEHCUBHOCTI
BUIIAPOBYBAHHS TOPIOYOi PiJIMHU, 30UIbIIEHH] MPOHUKAIOUOi 34aT-
HOCT1 PO3MUJIEHOTO CTPYMEHS B MOJYM's, 3MiHI CTyNeHs Aucrepc-
HOCTI Kpamenb sIK y ra3oBiil ¢a3si, Tak i B 00'eMi ropro4oi piauHu
("BHECcOK" 11bOTO €(eKTy y BOTHEracHy 3/aTHICTh PO3YMHY B Ia3o-
Bl ha3i B 3-7 pa3 HIKUe, HIXK Yy piakii dasi).

AHanizyoun pe3ysbTaTy TaciHHS Pi3HUX 33 XapaKTepoM IIo-
KEXK 13 BUKOpHCTaHHAM po3uuHiB [TAP, MoxHa 3a3HauuTH, 110 Y
BCIX BHIIaJKax PI3KO CKOPOUYETHCS Yac TaciHHs, 1HTEHCHBHICTb
rmojadl BOTHETACHOTO 3aco0y, 3MEHIYIOThCS 30MTKU Bij] TTOXKEK.
SIk TpaBMIJIO MPU BUKOPUCTaHHI 3MOYYBaydiB IHTEHCHBHICTh HOJaul
BOJHUX po3uuHiB KonuBaeThes Bix 0,01 mo 0,06 M 2c Bpaxo-
BYIOYM BHCOKY 3MOYYBaJIbHY 37aTHICTh po3uuHiB [IAP, mis ix mo-
Jadi He0OX1HO BUKOPHCTOBYBATH TIJIbKU MPOTYMOBaHI pyKaBa.

Po3uunu [TAP MoxHa BUKOPUCTOBYBATH TaKOXK JIJI 3aXUCTY
BiJl 3aiiMaHHsI TBEPAMX TOPIOYMX MaTepiajiiB, OCOOJMBO BOJOKHH-
CTHUX, CUIIYYHX 1 HOPUCTUX, OOPOOIIAIOUH iX POMUIEHUMH CTpyMe-
HSIMHU PO3UHHY.

Sk HemoJik MOTPIOHO 3a3HAYMTH, IO BBEJCHHS J00ABOK i0-
HoreHHUX [TAP BUKIIMKa€e KOPO3it0 MOKEKHOTO 001 THAHHS.

2.2 IlinBuiieHHs BOTrHeracHoi e()eKTUBHOCTI BOAU INpPH
BHKOPHMCTAaHHI 3rylyBayviB

Sk yxe Oyno ckazaHO, KpiM BEITMKOTO MOBEPXHEBOTO HATATY,
BOJla MAa€ HE3HAYHY B'S3KICTh, 1[0 HETAaTHMBHO IMO3HAYAETHCS HA ii
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BOTHeracHiil 3gaTHocTi. [Ipu raciHHI JICOBHX MOXKEX, MOXKEK Y
NPUMIIICHHSAX (Ha BEPTHKAIFHUX a00 TOPU30HTAIBHUX TTOBEPXHSIX)
BOJIa JIETKO CTIKa€, HE 3aTPUMYIOYUCHh HA TMOBEPXHi, sIKA TOPUTH, 1
IIBUJIKO BUINIAPOBYETHCSI, BHACIIOK YOr0 BOTHETaCHUM eeKT BOIU
OyBa€ HEBUCOKHM.

B’s3KicTh PO3YHHIB € XapaKTEPUCTHKOIO CHJI Koresii, ToOTo
CHJI B3a€MO/I1i MakpoMoJieKy1 y piausi. [Ipu miiBUIEHH] B'S3KOCTI
MiABHILYIOTHCS 1 CHIIM aAre3ii — CHIIM B3aeMoJIii Mik JBoMma (pasa-
MU. BHacmigok 3pocTaHHs cui Koresii ¥ aaresii MIBHIKICTH CTi-
KaHHS BOTHETracHOI piMHU 3 00’€KTa 3MEHIIYETHCS, 110 TOBUHHO
MPUBECTU A0 30UIBIIEHHS Yacy KOHTAKTy BOTHETacHOro 3acoly 3
MOBEPXHEIO TOPIOYO0i PeyoBHHU 1, oTXke, 3rigHo (3.15), mo miaBH-
IIIEHHS1 BOTHETaCHOI 3JaTHOCTI BOJIU.

Brpatu Boau, moB'si3aHi 3 PO3TIKAHHSIM, MOXHA 3MEHIINTH
HIABUILEHHAM 11 B'S3KOCTI 3a JIONIOMOIOI0 BBEACHHS 3TYLIYIOUHMX
no6aBok. [lpw po3uMHEHHI HEBETMKOI KITBKOCTI IMOJIMEpIB B's3-
KICTb PO3UYHMHIB MIJBHUILY€ETHCS HAa 2-3 MOPSAKH, MPU LIOMY BEJIH-
YUHA B S3KOCTI 3QJIKUTHh HE TUIBKU BiJ TPUPOIH MOTIMEpY, ale i
BIJl HOro MoJieKyJIsspHOi MacH. Ll 3a/eXHICTh ONMUCY€eThCS MOJye-
MITipUYHUM piBHAHHSAM Mapk-Kyna-Xaysunka [60]:

[n]=Kp?, (3.17)

JIe W — MOJeKyJIsipHa Maca MoJiMepy;

K, o — xoncranTH, 1110 BU3HAYAIOTHCS TIPUPOJIOIO MOJIIMEDY;
[N ] — xapakTepucTuyHa B'I3KICTh PO3UMHIB MOTIMEPIB.

Y poGoti [61] BCTaHOBIEHO, IO MiABUIICHHS JWHAMIYHOI
B'SI3KOCTI BOJTHOTO po3unHy 110 1,0+1,5 H-com™ JI03BOJISIE CKOPOTUTH
4ac raciHHs NpUOIM3HO B 5 pasiB.

Haiikpammmu n1o6aBkaMu B SIKOCTi 3TyIIyBadiB € ajbriHAT
HaTpito, HaTpii kapOokcumerminentonao3a (Na-KMLI), nomiakpu-
noBa kuciora (ITAK), momiokcuetminen (momiokc), kap6aminodo-
pmanpaerinna cmona (K®C), Merunuentono3a, MOMICHIIKAT
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HaTpito, noniakpuinamin (ITAA), nonisinummiponigon (ITBIT) 1 mo-
niBiriioBuii criupt (IIBC).

JUis OLIHKKM BOTHEracHOi e(peKTHBHOCTI PO34YMHIB "B's3KOi"
BOJIM BHKOPHCTOBYBAJHM yCTaHOBKY, IMOKa3aHy Ha puc. 3.6. 3MiHa
yacy raciHHs Bijl B'I3KOCTI PO3UMHIB JIeSKUX J00ABOK MpeCTaBIie-
Ha Ha puc. 3.11.

Taac, C©

[-]

1, 10°m?c
0y 2 3 4 s B 7T

Puc. 3.11 - 3anexHicTh 4acy raciHHs BiJl B'I3KOCTI PO3YHHIB
1 — HaTpi€eBa Cib IMOJIIAKPUIIOBOI KUCIOTH; 2 — METUJIIIEI0II03a;
3 — HaTpiil KapOOKCUMETHIIIIEITION03a

VY poborti [62] mociimKyBaacst 3aJeKHICTh B'I3KOCTI Ta BOT-
HETracHOi 3/IaTHOCTI BOJHUX PO3YHHIB ACSKUX TOJIMEPIB Y 3aJIEK-
HOCTI BiJ iXHBOI KOHIIEHTpalii. BorueracHa e(heKkTUBHICTh pPO34H-
HIB OI[IHIOBAJIacs 3a YaCOM T'aCiHHA 3pa3Ka KOMIAKTHUM CTPyMEHEM
3 MTOCTIMHOIO THTEHCUBHICTIO 1 3a KoedimieaTomM Kj, BiAMOBIIHO 110
dbopmynu (3.16). lani ekciepuMeHTaNbHUX JOCIIIKEHb 3BE/ICHI J10
tadu. 3.5.
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Tabnung 3.5 — Yac racinusg MmoaensHoro ocepeaky 1A 1 koedimieHT
MiBUIICHHS BOTHETACHOI C€(QEKTUBHOCTI  TpH
PO3YMHEHHI Y BOJII 3TYIIyBayiB

KoediuienT mia-

BHILEHHS BOTHe-

Konuenrpanis | B’askicrs | Yac ra- racHoi e)eKTHB-
3ryuryBay | 3ryuniyBaya B (PO3YMHY 1), CiHHS HOCTi

posunni, % | 10°m>c | 1,c K - T .m0
2 T
2,po3u

1,0 1,8 50 1,32
2,0 5,7 46 1,43
2,5 8,0 49 1,35
Na-KMI 4,5 45 59 1,12
8,0 190 72 0,92
10,0 270 103 0,64
0,125 1,7 35 1,89
MeTtuiie- 0,5 2,8 31 2,13
JIFOJIO3a 0,75 34 35 1,89
1,0 6,5 37 1,78
2,0 2,0 45 1,47
IMAK 4,0 3,1 68 0,97
7,0 4.8 81 0,81
0,125 2,4 69 0,96
ITomiokc 0,25 3,7 58 1,14
0,5 13 93 0,71
IMomicumikar 1.5 2,04 35 1,89
7,5 6,8 55 1,2

BorneracHa 3maTHICTh BOJAM TPH PO3YMHEHHI 3TyIyBadyiB
3poctae, mpudoMy e(EeKTUBHICTh TacCiHHS JOXOJIUTHh O TEBHOTO
3HAYCHHsI, a TIOTIM yOyBae, — 1€ CBITYUTH MPO HASBHICTH ONTHMAa-
JTBHOI B'SI3KOCTI I TMIJABUINCHHS BOTHETAaCHOi 3MaTHOCTI BOJIH.
HaiiGinpmmii BorHeracHuil €QeKT MOCATAEThCSA MPHU 30UTBIIECHHI
B's3KOCTI BCbOro smmie 10 (2-3)-10° m*-c ™. Take 36inbmeHHs B's3-
KOCTI CIIpHSIE MPUJIMITAHHIO JIOCUTHh TOHKOTO MIapy BOJIH JO TBEPJIO-
ro MaTepiany ¥ yTpUMaHHIO IIbOTO Iapy Ha moBepxHi. Kpim oxo-
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JOKYH04O1 i1 (3HM)KEHHS TeMIepaTypH MOBEPXHEBOIO IIapy pe-
YOBHHH, IO TOPUTH), IUTIBKa "B'SI3K01" BOAM YHMHUTH JIOJIATKOBY
1300104y ¥ ekpanyrouy aito. [loripimeHHs BorHeracHoi eeKkTus-
HOCTI PO34YHHY TPH TOAAIBIIOMY ITiABHIIEHHI B'SI3KOCTI MOB'SI3aHO 3
TUM, L0 BeJIMKa YaCTHHA PO3YMHY 3aJIMIIAETHCS Y BEPXHIX IIapax
TOPIOYOT0 3aBAaHTAXEHHS, TOJI SK HIKHI IIApH MPOJOBKYIOTH I'0-
piTH.

UwmcnenHi HatypHi qociiau mokazamu, mo 0,05% po3unH Ha-
Tpi KapOOKCHMETHIILIENIONO3U 3a0e3nedye ICTOTHE CKOPOYEHHs
BUTPATH BOJMU Ha MOKEXKOTACiHHA. SIKIO MpU raciHHI 3BUYANHOIO
BOJIOKO ii BUTpata cTaHOBUTH 40+400 1 M7, TO MpU BUKOPHUCTAHHI
"B'a3ko1" Bogu 3 0,05% Na-KMIL] Butpara 3MeHmIyerscs B 5 — 8
pasis (Bix 5 10 85 1-M 7). Cepeaniii 36MTOK Bij MOXKExKi (Y TOMy dH-
CJIl BHACIIJOK BIUIMBY BOJAM Ha MaTepiaiu) 3HIKYeTbcst Ha 20%.
HeratuBHoro BIUIMBY Ha poOOTY IMOKEXKHOI TEXHIKH i MaTepiaiH,
10 TacsATHCS, & TAKOK TIOBTOPHUX 3arOPsiHb MaTepiajiB MpPH 3aCTO-
cyBanHi po3unny Na-KMI] He cocrepiranocs.

[linBuieHy BoraeracHy e(peKTUBHICTh MAIOTh PO3YHNHHU TAKHX
NOJIMEpHUX J00aBOK, sIKi HE TUIBKM 3TYNIYIOTh, aje 3AaTHI MpHU
MIIBUIIEHHI TEMIIEpaTypH 10 TelieyTBOPEHHsS a00 yTBOPEHHS Ha
MOBEPXHI TOPIOYOI PEYOBUHU HETOPIOYOTO MOKPUTTS, SIKE, B CBOIO
4yepry, BUKOHYE€ Iie ¥ BorHe3axucHy ¢yHkiiro. [Ipu 3minryBaHHi 3
BOJIOIO TeJIeyTBOPIOIOYl J100aBKM HaOyXaroTh, MOTJIMHAIOYU TPU
[IbOMY 3HAYHY KUIBKICTh BOJIM, BHUIIAPOBYBAHHS CIOBUIBHIOETHCS,
B'SI3KICTb PO3YMHY 3pOCTa€, IO TMO3UTUBHUM YHMHOM BIUIMBAE Ha
HOro BOTHEracHy 3[aTHICTh. 3aBASKU BBEICHHIO MOJIOHHX 100a-
BOK, BOJHHUIA PO3YUH 00pE MPUIIUIIAE A0 BEPTUKAIBHUX MMOBEPXOHB
Ta yTPUMY€ThCS Y BHIIISI IUTiBKH TOBIIHHOIO HE MeHie 3a 107 M.
TennoBa eneprisi abcopOyeTbcsi BOAHOIO IITIBKOIO, BOJA IEPEXO-
IMTH y TIapy, sIKa BUNAISETHCS Yepe3 30BHIIIHIO MOBEPXHIO IUTIBKU.
Yepez 0,5 ¢ micast KOHTAKTy PO3UMHY 3 MOBEPXHEIO, IO TOPUTH,
BiAOyBaeThCs TeneyTBopeHHs. OMHAK B'SI3KICTh PO3YMHY IMOBHUHHA
OyTH Takoro, 100 3a0e3MeYnTH MOXIIUBICTh HOTO TPAHCIIOPTYBAaH-
HS IO OCEPEIIKY MOXKEX1 1o TpyOOIrpoBoIax 1 mijIaHTax.
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BorueracHa e(hekTUBHICTb PO3UMHIB I'eJIyTBOPIOIOUUX J100a-
BOK 3aJICKHUTh BiJ B'I3KOCTI, CTPYKTYpH W MIITHOCTI T€JII0, 110 YTBO-
PIOETHCS, SIKI B CBOIO YEepry BU3HAYAIOTHCS BIACTUBOCTSAMU Teliey-
TBOPIOBAYa Ta MOTr0 KOHIIEHTPAIIEI0, XapaKTePOM MOBEPXHI TOPIO-
40i pe4oBUHHM U po3MIpoM ocepelKy ropisus. B cepennpromy 3a-
CTOCYBaHHS PO3YHHIB TeICYTBOPIOIOYHX JOOABOK ITiIBUIILYE BOTHE-
racHy eeKkTuBHICTh Boau B 1,5-2 pa3u.

Haii0inpim mmpoko sl TaciHHA B SIKOCTI T'eJIEyTBOPIOBAUiB
BUKOPUCTOBYIOTBCS MOJIICUIIIKAT HATPilO, MOJIaKpHiIaMiJ 1 METHII-
nemono3a. Tak, mpHu TaciHHI PO3YMHAMU IOJICHIIIKATY, KpIM Tij-
BUILICHHS B'SI3KOCTI, BiTOYBA€THCSI YTBOPEHHSI HETOPIOYOTO TIOKPHT-
T S10, Ha MOBEPXHI PEUOBHH, 1110 TOPSTh.

[TinBuiena BOrHeracHa 37aTHICTh PO3YMHIB METHIIIIEITIONO3U
0o0yMOBJIeHa BIUTMBOM JBOX YMHHHKIB. [lo-niepie, OyaoBa meTuii-
IEJTI0JIO3M HAMOUIBII OJIM3bKO TIOBTOPIOE OYJIOBY KIIITKOBHUHU JIE-
PEBHHHU, TOMY CHJIM aAre3ii i koresii MOBUHHI OyTH MaKCUMAaJbHO
ONMM3bKi, IO CIPHSIE YTPUMAHHIO PO3YMHY Ha JIEpeB’STHUX KOHC-
TPYKUIsAX, AKI ropatk. llo-mpyre, mpu HiABHMINEHHI TeMIEpaTypu
BiJIOYBA€THCS TEJICYTBOPCHHS PO3YMHY METHIIIIEIIONI03H, TIPH I[HO-
My 3 OUIBII Taps4oi MOBEPXHI PO3YMH CTIKA€ MOBUIBHIIIE, HIXK 13
xonoaHoi. Tpeba 3a3HAYWTH, IO TPU TOBTOPHOMY 3allaFOBaHHI
MOKPUTTS, K€ YTBOPUJIOCS B MPOLIEC] TaCiHHS, MEPEIIKOIKAE 3ara-
JIEHHIO 00POOJICHUX TOPIOYNX PEUOBHH.

JIJis TiaBUINICHHST BOTHETaCHOT €()EKTUBHOCTI JI0 TEICyTBO-
PIOIOYMX CKJIQMIB JOJAIOTH COJi, HAPHKIAA, XJIOPHUI HATPIiro, Kap-
OoHaT amoHit0, OikapOoHaT Kamiro [6]. Tak TOBIIMHA T'eIEBOTO MO-
KPUTTSI, 110 YTBOPIOETHCA HAa BEPTHKAIbHIM MOBEPXHI MPH TaCiHHI
PO3YMHOM TOJICHIIIKATy HaTpito Ta OikapOoHATy Kalilo, MOXKE JI0-
csrati 2,5-107 My 3aIeKHOCTI Bij TeMIIepaTypy rOpIHEHSL.

Hatypni mocninu 3 raciHHs JIICOBUX MOXEX BOJOIO 3 J100aB-
KaMH TaKWX 3TyIIyBadiB, sk niamoHiidocdar (NH4),HPO, 1 amo-
Hiipochar NH4H,PO4 [63, 64] nmokazanu, 1o 3aBAsSKH UM A00aB-
KaM BOJIa TIPUJIUIIAE JI0 POCIIWH 1 BiIHIMA€e OUIbINE TerIa, HiXK 3BH-
yaiiHa Boja. SIK HeIOJiK TaKoro TaciHHA MOKHA BIAMITHUTH MOTaHY
3JIaTHICTH JIO PO3MHIJICHHS BOTHETaCHOTO 3ac00y.
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S0 3icTaBUTH BOTHETacHI Ta BOTHE3aXMCHI BIIACTUBOCTI
JOCTI/PKCHUX TIOIMEpiB, TO MOXHa CKa3aTd, IO TOJiMepH, SKi
MaroTh BUCOKI BOTHE3aXMCHI BIACTUBOCTI, MAIOTh TaKOX O1IbIII BU-
COKY BOTHETacHY 31aTHICTb.

[Ipu raciHHI HOXeX 3HAYHOI IUIOUIl MOTpiOHA MiABMIIEHA
BHUTpaTa BOJM 1 MOXJIMBICTh Tojadvi ii Ha BenmuKi BinacTadi. [lpwm
bOMY aKTyaJIbHOIO CTa€ 3a/1a4ya Mojadi BETUKO1 KIJIbKOCT1 BOoau 0e3
3MiHHU JiaMeTpa HamipHuxX TpyO Ta pykaBiB i poO0OUOro THCKY B Tif-
paBiiyHMUX cucTteMax. [l BupimeHHs 1€l 3a1a4i Ha CTIHKU TpyOo-
NPOBOJIB HAHOCATH CHEI[aibHI TMOKPHUTTS, 10 3MEHILIYIOTh
Koe(IIieHT TiapaBIIYHOTO OMOPY W TypOYJICHTHICTh IMOTOKY B TPY-
6ax. Lls 3amaua Moke OyTH TaKOXK BHpIIICHA 32 paXyHOK BBEICHHS
y BOJly CHEUiabHUX TiAPOJUHAMIYHO aKTUBHHUX MOJIMEPHUX KOM-
no3utiii [65, 66]. B sKocCTi 3ryuryBadiB BUKOPUCTOBYIOThCS JESKi
BHCOKOMOJIEKYJISIPHI CIIOJYKH, IO SBISAIOTH COOOIO 3LIUTI TMOJi-
€JICKTPOJIITH, HAMPUKIIAM, MOJIETIICHOKCH, PIAKOCIINTI COIOJTi-
MEepHU aKpUJIOBHUX KHCIOT 1 MOJI(PYHKIIOHATBHUX 3IIMBAIOYUX are-
HTIB, TIOJIIaKpWJIaT HATpito [67, 68].

OcoOnuBuil iHTEpeC 3 TOYKU 30py TMOMKEKHOI OXOPOHHU IIi
CIIOJIYKH SIBIISIFOTH COOO0I0 3 JIEKIIBKOX TIPHYHH.

[To-mepiie, mam ix koHueHTpauii (mopsaky 0,5-1%) miaBu-
HIYIOTh B'SI3KICTh BOJM B COTHI M HaBiTh y THCAYi pasiB. Tak, Koe-
GbiLieHT AMHAMIYHOT B’S3KOCTI BOJHOTO PO3YMHY, KU MICTUTH 2%
nosiakpmwiaty Hatpito, npu 20°C cranoButh mnpubmusao 3000
MIIa-c. IIpuunHOIO BHCOKOT 3TYIIYIOUYOil 3JaTHOCTI TaKUX IMOJIMe-
piB € cnenudiuHa ocoOauBICTh iX Oyn0BU. OCHOBHUM KOMIIOHEH-
TOM € TIOJIIKHCIIOTH, SKi Y BOJI HE PO3YMHHI, aje MpU BBEICHHI B
NOJISIPHI  PIAMHU Bi1A0YBa€Thcs CHIbHE HAOyXaHHS IUX CIIONYK,
noJjiiMep Habyxae 10 TOBHOI cBO€i abcopOmiiiHOi 37aTHOCTI i T10-
IMHAE npu oMy A0 100 BenuuuH BiacHoi Baru Boau. Lle npuBo-
JUTH IO BUKIIFOYHO BUCOKOTO €(EeKTY 3TyIICHHS.

[To-apyre, B'A3KICTh IIUX PO3YMHIB 3HAUHO MEHILE 3HUKYETh-
Csl i JI€F0 BHCOKUX TEMIIepaTyp, 110 0COOIMBO BaXKJIIMBO B yMO-
BaxX TacCiHHS MOXEXI TBEpAMX roprouux marepianiB. Tak mpu mia-
BUIIEHHI Temmepatypu po3uuHy 10 70-80°C B'M3KiCTh 3HH3UTHCS

161



ycboro Ha 10% Bix nepsunHOI B's3kocti npu 20°C, B ToO# ke yac
B'si3KicTh po3unHy Na-KMII npu TakoMy miIBUIIIEHH] TEMIIEpaTypu
3HUKYETbCS IPUOJIN3HO B 3 — 4 pasu.

[To-Tpere, po3uMHHM 3TyIIyBadiB MOMIOHOTO POy MAaOTh
3MIHHY B'SI3KICTb, B 3QJIKHOCTI BiJ] BEIMUYUHU TPaTi€HTA IIBUIKO-
cri. Tak, mpu pymeHHI po3uuHIB TO TpyOax 31 MIBHIKICTIO
5-10 M-c ' ix B's3KicTb Gyae Ha 1-2 MOPSIKH HIDKYE, HIK Y Billb-
HOMY CIOKIHHOMY CTaHi Ha MOBEpPXHI TBEPAMUX T'OPIOYMX Marepia-
7B, 7i¢ 3HAYCHHS B’S3KOCTI MOBUHHO OyTH MaKCHMAaJbHO MOYKJIH-
BUM.

3MEHIIEHHS ONopy IPH PYLICHHI BOJU B TPyOONpPOBOAAX IpHU
JI0JJaBaHHI MaJMX KOHLIEHTpALill BUCOKOMOJIEKYJSIPHUX MOJIMEpiB
BiJIOYBA€THCS 32 PAXyHOK TOTO, III0 MOJIEKYJIH TOJIIMEpY, SIKi CHIIb-
HO po30yXaroTh Y BOJi, MalOTh HUTKOMOMAIOHY OyAOBY 1 HiA Ji€l0
MOTOKY PiJUHU BUTATYIOTHCS B3JIOBXK TOTOKY (eghexm Tomaca).
MakpoMoseKyal, y CBOI 4Yepry, OpIEHTYIOTb MOJIEKYJIH BOJAU
B3JIOBX CTIHOK TpyO, 3aBISIKM YOMY 3HUKYETbCS IHTEHCHBHICTH
TypOyJIEHTHUX MyJbCaliil y MPUCTIHHOMY LIapi, 3MEHIIYETbCS TY-
pOyJIeHTHE TEepTs, 3HWKYIOTHCS TiAPaBIiuHI BTpaTH B TPYOOIPOBO-
Jax, 1110 Bese A0 30UIbLIeHHs BUTPAT piIMHM yepe3 Hux. Boaa 3 no-
O0aBkaMHu MMOMIOHUX PEUOBHH OTpHUMalia Ha3By ''ciuzvka' eooa.
CcdopmoBaHi B HacaJakax CTPYMEHI1 BiJIPI3HSAIOTbCS MiJBUILICHUMHU
KOMIIAKTHICTIO ¥ nmanekoOiiHicTio. Tak, mpu mobaBmi 1 T okucmy
nosierneny g0 1 M’ BOJM OMip y MPOMHCIOBHX TPYGOIPOBOIAX
3HMKyeTbes Ha 50 — 80%, a B'A3KICTH 3MIHIOETHCS HACTUIBKH, IO
JIOBXKMHA CTpyMeHs 30uiblIyeTbes Bit 36 10 54 M. IIpu KoHLEHT-
parisx Mmomakpuiamiay y BOIHHMX PO3YMHAX MOPSAIAKY COTHX Yac-
Tok Bigcotka (Big 0,005 mo 0,015%) MokHA 3HU3UTHU TiAPABIIYHUI
orip OUTBII HIXK Y TPU pasu.

3HIKEHHS BTPAT TUCKY B MOXEKHUX pyKaBax 1 TpyOOIpoBo-
nax 1 30UTBIICHHS JaJbHOCTI MOJBOTY CTPYMEHS NMpHU 30epeKeHHi
3aJJaHOT0 TOYAaTKOBOTO THUCKY — aKTyaslbHa mpoOsema, pillleHHsS
SIKO1 JO3BOJIUTH 3HU3UTH BAary i MiABUIIUTH €()EKTUBHICTH IOXKEXK-
HO-TEXHIYHOTO0 030pO€HHS, COPOCTUTH HOro 0OCIyroByBaHHS. 3a-
CTOCYBaHHS TIOJIMEPHHX J0OAaBOK JO3BOJISIE TIOAABATH JIO MiCIs
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MOKEeXK1 OUIBIIY KIJIBKICTh BOAM, CKOPOUYIOUH Yac TaciHHA, a, OTXKeE,
3MCHINYIOYM  30WTKH, 1[0 3aloJiIOIOThCS BOTHEM. Tomy
NEepCHEeKTUBH 3aCTOCYBAaHHS LMX 3TYIIyBauiB JJIs TaciHHA Haid-
OUTBII CKJIATHUX TOXKEXK TBEPIUX TOPIOYMX MaTepiajiB THITY Jepe-
BUHU, T'YMHU, CHHTETUYHOI'O i HAaTypaJIbHOT'O Kay4yyKy Ay>Ke BEJIHKIi.

OpHak, He3BaKAlOYM Ha OYEBUIHI TEepeBaru, 3aCTOCYBaHHS
Mmikpogo6aBok momietuneHokcuay (I[IEO), momiakpunaty HaTpiro
(Na-ITA) a6o momiakpunaminy (ITAA) cTpUMYyeTbCS CKIIaIHICTIO
MPUTOTYBaHHS 3 HUX OJIHOPITHUX PO3YMHIB HEOOXITHMX KOHIIEHT-
pauiif. CipoOu BUKOPUCTATH 11l TIOJIMEPH y BUTJISIII MTOPOIIKIB, 110
BUITYCKAIOThCS MPOMUCIIOBICTIO, 200 3a37aJieTiib MPUTOTOBICHUX
PO3UMHIB BUSBHINCS Majoe(EeKTUBHUMH. Y 3B'SI3KYy 3 UM IHTEH-
CHUBHO BEIyThCS POOOTH 31 CTBOPEHHS IIBUJIKOPOZYMHHHUX TOJIIME-
PHHUX KOMIIO3UIIii, PO3POOKH TEXHOJOTIYHOTO OOJaJAHAHHA IS
rmojadvi, po3YMHEHHS 1 JI030BAHOTO BBEACHHS T1APOJWHAMIYHO aK-
TUBHHUX PEUOBHH y TpyOorpoBoau [69]. YV moxexHiil TeXHII MOX-
Ha 3aCTOCOBYBaTH piJIKi, MAacTONOMIOHI 1 TBepAl BOJOPO3UMHHI
nonimepHi komnozuii (PBIIK, TIBIIK, TBIIK). [ns cranioHapHIX
CUCTEM MoxkexoracinHsa kpaine BukopuctoByBaTu PBIIK i TIBIIK,
a mia mobOimeHux — TBIIK. Jlns mo3oBaHOrO BBEJICHHS B
Tpy6omnposia PBIIK i1 TIBIIK HeoO0XiiHO BUKOPHCTOBYBAaTH CHEIli-
anpHuil npuctpiit. 3acrocyBanns TBIIK He Bumarae crnemiaabHOTO
oOnagHaHHs, OCKUIBKUA MPUTOTYBaHHS PO3YMHY BiIOyBaeThbCA MPH
pPO3MUBAHHI MOTOKOM BOIM TBEPOi KOMIIO3MIIiI, 3a3/aieriapr Ha-
HECEHO1 Ha apMyIouy BCTaBKY, SIKa BCTAHOBIIOETHCS B MPOTOYHY
KaceTy. YCTaHOBJICHO, 110 3aCTOCYBaHHS OJIHI€T MPOTOYHOI KaceTH
3 TBIIK i3 nomieTUaeHOKCUIY 3 MOJIEKYJISPHOK Macolo 4,8-10° a.
0. MPU3BOJUTH O 30UIBIIEHHS BUTpPAaTH BOTHETacHOI PIAMHU I10
pykaBHii niHii Maibxe Ha 40% 1 30UTBIICHHIO AaTBHOCTI CTPYMEHS
Ha 30%, npu 11bOMY BTpAaTH THCKY B PyKaBHIM JiHII 3HU3MIUCS Ha
17%.

[ToTpiOHO 3a3HAYMTH, 1O BCl OpraHiuHi CUHTETUYHI IMOJiMe-
PHI 3TyIIyBadi MarOTh JOCUTh BUCOKY BapTiCTh. ICHYIOTh pO3p0oOKH,
B SKHUX Yy SKOCTI 3ryllyBaya IpPOIMNOHYIOTHCS BIJTHOCHO JeIIeBi
KOJIOiTHI COPTH TJIMHU: aTaIyJibliT, KaoiiH, 0eHToHiT [70, 71]. Bix
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BUJY 1 KUIBKOCTI IIMX KOMIIOHEHTIB, a TaKOX CIIOCO0Yy mojadvi BO-
THETaCHOTO CKJIa/Iy 3aJIS)KUTh KiHIEBA B’ A3KICTh CyCIEH3I1.

IIpu raciHHi ckjajaiB JjiconuiaoMarepiaiiB €()eKTUBHUMH €
BOJIHI po3unHU Oimodity Ta 6eHTOHITY. BOHU y 1Ba pasu nepeBu-
LIYIOTh 32 CBO€IO e(heKTUBHICTIO Boay. CepellHi 3HaYeHHs 1HTEHCH-
BHOCTI IO/Ia4yi BOTHETACHHX 3ac00iB CTaHOBIATH: 8% po3umH Oi-
modiry — 0,062 1M >-¢ ', 15% po3uns Genronity — 0,055 1-M ¢ .
OnHUM 3 iICTOTHUX HEJOJIKIB OCHTOHITOBHX PO3UYHUHIB € T€, 110 TO-
POILIOK TJIMHH BHUIIA/IA€ B OCAIOK.

B skocti cTabinizaTopiB B’S3KOCTI 10 PO3UYMHIB 3TyIIyBauiB
nonatoth 5 -10% xsopuny kaamiro ado cynbdary mMapratio [6].

2.3 IlinBuieHHS BOTrHeracHoi e(eKTHMBHOCTI BOIM NPH
BHKOPHMCTAHHI HU3bKOMOJIEKYJISIPHUX CIIOJIYK

[TigBumuTn BOTHETacHy e€(QEKTHUBHICTb BOJW MOXHA MpHU
BBEJICHHI  PI3HUX  HHU3BKOMOJIEKYJISApHMX  J00aBok.  VYci
HU3BKOMOJICKYJISIPHI JTOOABKM YMOBHO MOXHA IOJUIATH Ha JIBi
BEJIMKI IPyNH: OPraHiyHi BOJOHEPO3UYMHHI PEUOBHHH, SIKI B CyMilll
3 BOJIOIO YTBOPIOIOTH €MYJIbCil, Ta HeOpraHiyHi (COJi, KHCIOTH Ta
iH.).

B sKOCTI OpraHivHUX TOMIIIOK BUKOPHCTOBYIOTH MPOTIEIICHTH
— HU3bKOKMIUISAYI PIIUHU, TEMIIEpATypa KUIIHHA SKUX MEHILA, HIXK
TeMIepaTypa KHITIHHS BOIU TpU atMocepHoMy THCKy. [Ipu mo-
TPAIUISIHHI B 30HY TOPIHHS €MYJIbCil TAKMX OPraHIYHUX PEYOBUH Y
BOJIi BiTOYBAETHCS MIEPErpiB JOOABKH, IO TPUBOIUTH 10 BUOYXOBO-
ro TNapOyTBOPEHHS NPOMENEHTYy Ta ApPOOJIEHHS Kparii BOIHOT
emynbcii. Lle cmpusie OUTbII  IHTEHCHBHOMY BHUIIAPOBYBAaHHIO
"OCKOJIKIB" Kparjii BOTHEracHOTO 3aco0y, a, OTKe, IHTEHCUBHOMY
OXOJIOJKEHHIO TIapora3oBoi (a3u ¥ 3puBYy mojym's. [HmmmMu cio-
BaMU, e(heKT eMyJIbI'yBaHHS BIUIMBAE HA TaciHHSA B ra3oBiif ¢asi.

SKicTb BUTOTOBJIEHHSI €MYJIbCIi BIUIMBA€ Ha 1i BOTHEracHY
epexTuBHICTh. HallGinbiy epeKTUBHICTh MalOTh €MYJIbCii, BU-
TOTOBJICHI YJIBTPa3BYKOBHUM METOAOM. JlJIsi Takux emynbCid €
XapaKTepHUMH PIBHOMIPHICTh Ta MOHOJUCIEPCHICTh BKIIOYEHb
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(kparmenpb IpoMeNeHTY y BOJIl) Ta 3MEHIIEeHHs iX po3MipiB. Kpim
TOTO, JJIS MiJABUIICHHS CTYINEHIO JUCHEPCHOCTI M00aBKH Y
BOJIHOMY PO34MHI 1 OUIBLI pIBHOMY ii pO3MOJALTY IO 00’ €My eMmy-
JbCii, a, OTKE, MOKPAIICHHS PO3MMUIIOBAaHHS BOTHEIaCHOTO  3aco-
0y, 3aCTOCOBYIOTh JI0JIaTKOBE BBEIEHHS emyibraropa (1o 2%), B
SKOCT1 SIKOTO BUKOPUCTOBYIOTh MTIHOYTBOPIOBAY.

Tak mpu TaciHHI TenTaHy BOJHOOPOMETHIIOBOIO €MYJIbCI€l0
[72] cnocrepiranocs 3HMKEHHS 4yacy racius i, 3rigHo (3.16), 301-
JBIICHHA KoedilieHTa BorHeracHoi egexktuBHOCTI Kj.

30u1blIeHHS KOHIeHTpauii Opomermity (3 2 1o 10%) 3ab6e3-
nedye OUTbII BUCOKY €(EKTHUBHICTH TaCiHHS, CIPUYHHSIE 1CTOTHE
3HIDKEHHSI MIHIMAJIBHOTO 3HAYCHHSI 4acy TraciHHsg 3 25 1o 3 ¢, 3Hu-
)Ky€ KPUTHYHY 1HTEHCUBHICTH IOJa4i, NMPU I[bOMY ITiJIBHIIYE KOE-
¢imient epextuBHocTi Ky 3 1,2 no 2,3. BusiBinena nepesara emMmyJib-
Cill € pe3yJbTaTOM JIBOX €(EKTIB — IHTEHCUBHE OXOJIOJKEHHS 30HU
TOPIHHA 32 PaXyHOK 301UIbIIEHHS AUCIEPCHOCTI BOTHETaCHOTO 3aC0-
Oy Ta iHribipyBaHHs naporas3oBoi ¢azu napamu OpomeTruiy. Takum
YHHOM, SIKIIO JUJIsl eMYJIbCii 13 BMicToM OpomeTnity 2% TiIBUIIICHHS
€(DEeKTUBHOCTI TaCIHHS €MYJIbCIEI0 € HACHTIIKOM e(PeKTy ApoOIeHHS
Kparesib BOJHOTO PO3YHMHY, TO Ui eMyJbcii 13 BMictoM 10% 6po-
METHJTY BUSIBJISIETHCS M MOUYMHAE JOMIHYBaTH 1HT101pyrounii eekT.

Heopraniuni m00aBku 3a JOMIHYIOUYMM BIUIMBOM Ha IIiIBH-
IICHHSI BOTHETACHO1 €()eKTHBHOCTI BOJIHUX PO3YHMHIB YMOBHO MOXK-
Ha TOJUIMTHA HA AHTHUIIPEHU Ta COJMi, SKI 1HTIOIPYIOTH MOIYM’ SIHY
(dazy ropiHHs.

[Ipu racinHi AepeBUHHU €(EKTUBHUM € 3aCTOCYBAHHS BOJHUX
pO3uUMHIB aHTHIIpeHiB. HalOuIbm MUPOKO B SKOCTI aHTUIIPEHIB
BUKOPHUCTOBYEThCST xJjopua MarHiro MgCly, docdhopha kucmora
H3POy, ta 1i conmi — miamoniiidochar (NH4),HPO4 1 amoniiidhochar
NH4H,POs,.

[Ipu raciHHl BOJHUMH PO3UYMHAMH AHTHUIIIPEHIB BAXKIUBUM €
X 3aTHICTh NPH HArpiBaHHI BCTyNAaTH B XIMIUHY PEAKLIIO 3 LIETI0-
JI030BMICHUMHU MatepiajamMu a00 YTBOPIOBATH HA MOBEPXHI T'OPIO-
Y0i PEUYOBHHHU 3aXHUCHI IUTiBKU. [Ipy boMy criocTepiraeThbcsi BEJIMKe
3poctaHHs KoedinieHTa BorHeracHoi 3matHocTi K; (3MeHmIyeTbes
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4yac MOBHOIO TaciHHs), B MOPiBHAHHI 3 Koediientom K; (mpumnu-
HEHHs MOJYM'SsHOrO TOpiHH:). Yac raciHHs noiyM'siHOi ¢a3u i Jac
MOBHOTO TaCiHHS BUSIBJISIIOTHCSA NMPHUOIM3HO piBHUMHU. Taka 3MiHa
Koe(illie€HTIB, a TAKOX 3aKIHUCHHS TaciHHS JCPEBUHU OJHOYACHO i3
3racaHHsIM TIOJIYM'Sl CBITYHMTH PO BAXJIMBUH BHECOK Y TaCiHHS Jie-
PEBHHH TIPOIIECIB, TOB'SI3aHMUX 13 3MIHOIO peakiii mipomizy. ITomin-
IIEHHs TaciHHA JIEPEBMHU IOB'SI3aHO 3 T1IAPOTITUYHUM PO3KIaJaH-
HSM LEJIIOJI030BMICHUX MaTepialiB, MPHU SIKOMY MiJBULIYETbCS BH-
Xi1 KapOOHI3MPOBAHOTO 3aJUINIKY, BOAM Ta 3HIKYETHCS KUIBKICTh
TOPIOYMX Ta31B MpPOIi3y.

[Ipu 3Mini KoHIeHTpalii HeaeTkoi kucaotu H3PO4 B po3unni
Bix 1,5 mo 15% cnoctepiraeTbest 3MEHIICHHS Yacy TaciHHs, MPUYO0-
My koedimient K, (moBHe racinss) Buie, HDK KoedimieHT Kjy
(racinag nomym'stHO1 ¢as3m). [Ipu 3actocyBanHi 10% koHLEHTparii
H;PO,4 yac moBHOTO raciHHs CIIBIAJA€ 3 YaCOM TacCiHHS TOIYM's
(mmB. Tabm. 3.6).

Amnarnorigyao ¢ochopHiii KHCIOTI AifOTH i COMi, M0 BUALISA-
I0Thb KHUCIIOTY NpH riapomisi. Ilpu raciHHi JepeBUHH PO3YMHAMHU
dbocdaTy aMOHIIO Yac TIOBHOTO TaCiHHS W TaCiHHS IMOJIyM'sl CIIiBIIa-
naroTh (auB. Tabu. 3.6). Lle nmoB's13aHO 3 CUHEPTETUYHUM BHECKOM Y
nito hocopoBMICHHX PEUOBHH aTOMIB a30Ty Yepe3 yTBOPEHHS NpH
TEPMOOKHCITIOBAILHOMY PO3KJIaJlaHHI PEYOBHUH, SIKI € OUIbII edek-
TUBHUMH KaTalli3aTOpamMH TEPMIYHOI Aeriapartaiii memarono3u (mpu
IIbOMY 3MEHIIY€EThCS TEIJI0Ta MipOi3y JAEPEBUHU Ta KaTali3yeTbCs
MPOIIEC KOKCYBaHH).

ITpu racinni pozunnamu MgCl, (KOHLEHTpallis 3MiHIOBaNIacs
BiZ 2,5 mo 20%) 3MEHIIy€eThCS Yac TaciHHs MoIyM'sHoT (asu i vac
noBHoro racinus. KoedilieHT miBUILIEHHS BOIHETACHOI 3aTHOCTI
K; menme koedimienra s nopaoro racinas K, (muB. tabm. 3.6),
110 BKa3y€ Ha OCHOBHUH BHECOK B raciHHs €(eKTy XiMIYyHOi B3ae-
MOJIiT 3 IEPEBUHOIO MPOIYKTIB TiPOIi3y XJIOPUAY MarHito. Y Tou
e Jac He Tpeba MOBHICTIO BUKIIIOYATH BHECOK Yy TaciHHs e(eKTy
1HTI0IpyBaHHS COMSIMU B TONyM'siHIM (a3i. Tak dac raciHHS Moiy-
M'siHOT (a3u pozunHoM H3;PO, Ouiblie, HOK y XJIOpUAY MarHito, 1o
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MIATBEP/KY€E JOJATKOBUN BHECOK B TaciHHS 1HTiOipyrodoi mil
MgClz

Tabmuus 3.6 — Yac racinasg MoaenbHOTO ocepenky 1A i koedimieHt
MIJBUIICHHS BOTHETracHOi e(EeKTUBHOCTI BOJHHX
PO3YHHIB XJIOPUIY MarHito, opTodochopHOi KHCIIO-
TH Ta pochaTy aMOHIIO

Koedinient
KommuenTpais Yac racinua r:(f[;;pg:[:;}({:;
PeuoBuna X00aBKH ne .
o eheKTUBHOCTI

B po3uuHi, % :
raciHisi | moBHe
N . Kl Kz
noJaym’si | racinis
BOJA - 185 270 — —

2,5 165 235 1,12 | 1,15

5,0 150 200 1,23 1,35

MgCl, 10 140 190 1,32 1,42

15 134 134 1,38 | 2,01

20 87 87 2,13 3,1

1,5 175 245 1,06 | 1,10

5 175 240 1,06 | 1,13

H;PO, 10 165 165 1,12 | 1,64

15 165 165 1,12 | 1,64

5 170 170 1,09 | 1,59

10 155 155 1,19 | 1,74

NH:H:PO, 15 105 105 | 1,76 | 2,57

20 90 90 2,06 3,0

Judysiiine TopiHHS Ta3iB, M0 BUAUISIOTHCS 3 JACPEBHHU MPU
niposisi, Moke OyTH MPUIMHEHO 33 PaXyHOK rajlbMyBaHHS peakiii
TOPiHHA 32 JONOMOTOI0 BBEICHUX Yy BOJY XIMIYHO aKTHBHHX iHTi-
01TOpiB. Y SIKOCTI 1HI1OITOPIB MOXKYTh BUCTYHAaTU TJIOTE€HIAN JIyX-
HUX METaJIiB, a30TOBMICHI peYOBHUHU (aMiHH, CEUOBHHA) Ta iX COJIi.

Ha npuknani rajioreHiB J1yKHHUX MeTajlIiB MOXHa B "4yrcTomy"
BUTJISII CIIOCTEpiraT iHTiOipyIOvy Mit0 COJIi, OCKUIBKH B JaHOMY
BUIIAJKY BIACYTHS 11 XiMiUHa B3a€EMOIisl 3 IEPEBUHOIO.
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JloGaBkH XJIOpPUIY HATPir0 B KOHIEHTpamii Big 5 10 25% 1o
BOJIM 3MEHIIYIOTh Yac TaciHHS JAEPEBUHU HEOJIHAKOBO I KOXHOT
cranii racima. s momym'sHOl cTtanii KoedillieHT BOTHETacHOl
epextuBHOCTI K; Maibke /Ui BCIX KOHLEHTpALiil XJIOpUAy HaTpito
ouneine, Hixk koedimienT moBHoro racinusa K (muB. tadm. 3.7). Le
NOB'A3aHO 31 3/IaTHICTIO TAJOTEHIB JIy)KHUX METaliB IaCUTH MOJY-
M'siHy (ha3y rOpiHHS 1 MaJIo BIUTMBATH Ha a3y TIiHHS.

Tabnuus 3.7 — [lapamerpu racinHs MoJeNbHOro ocepeaxky 1A Bo-
JI010 3 TOOABKAMHM XJIOPUYy HATPIIO

KoedinienT mig-
Konuenrpa-| -y, o o cinmn T, ¢ BUIICHHS |
PeuoBuna mist BOTHEracHoi
n00aBKH B eekTUBHOCTI
po3umHi, % l"aCiHH’H noBHe K, K,
NoJyM’sl | TaciHHs
BOJIa - 185 270 — —
5,0 165 265 1,12 1,02
10 125 210 1,48 1,29
NaCl 15 125 197 1,48 1,37
20 115 180 1,61 1,5
25 101 150 1,83 1,8

Ile BUAHO Tak caMmo 31 30UIbLIEHHS Yacy raCiHHs BYTULIS JUIs
5% XJIOpUAy HATPIIO, KOJIHM MPU ONM3BKOMY 4Yaci MOBHOTO TaCiHHS
JUIS pO3YHMHY 1 BOJM 3MEHIIYETHCS Yac raciHHs mosym's.. lpu ra-
CIHHI PO3YMHOM COJIi OUIBIIOT KOHIIEHTpAllii BUCOTA MOIyM's IIBU/I-
KO 3MEHIIYETHCS, 110 BKa3y€ Ha 1HT1OIpyBaHHS TOPIHHS XJIOPHUIAOM
HATpIIO, KWW BUIUIMBCS 3 BOIM NMPHU MPOXOJHKEHHI KpAIUIIMHU TO-
aym'ssHo1 (da3u. Ilomaneine 1HTIOIpYBaHHS MPOXOAUTH 3a PaxyHOK
COJICH, 1110 BUMAPYBAJIKCSA 3 TOBEPXHI JEPEBUHU.

[Ipu racinni mokexi HaQTOMPOAYKTIB y pe3epByapi AiameT-
pom 1 M BogHUM po3unHOM 5% KapOOHATy HaTpiro abo OGikapOoHa-
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Ty KaJjito racinHs gocsaranocs 3a 8 — 10 ¢, B Toif yac sk mpu nojaui
YHCTOI BOAM YCIIITHOTO TaCiHHS HE CIIOCTEPIrasocs.

TakvM YMHOM, TTiIBUIIIEHHS] BOTHETaCHOI €(peKTUBHOCTI BOJIH 3a
pPaxyHOK J00aBOK COJICH TOSICHIOETHCS THM, IO TIPH TPOXOPKEHHI
Kparenb 4epe3 30Hy TOpiHHS MMOYUHAETHhCS BUIMAPOBYBAHHS PO3UUHIB
COJICH, B TIOJyM'st BUIUISIEThCS BUTbHA CUTh. [Ti 11 Ji€ro BimOyBaeThCs
1HT101pYBaHHS PaaUKAaNiB, IO BIIMOBIAAIOTH 32 MIATPUMKY IMPOIECY
TOPIHHS, JIAHIFOTOBA PEAKIIist OOPHBAETHCS, TOPIHHS TPUITUHIETHCS.

2.4 lo0aBKkM POTH 3aMepP3aHHA

Jlo HemomiKiB BOJM, IO OOMEXYIOTh 00JIaCTh 1 YMOBH ii 3a-
CTOCYBaHHS SIK BOTHEraCHOTO 3aco0y, BIJIHOCUTHLCS TOPIBHSIHO BHU-
COKa TemIeparypa 3aMmep3aHHs. [Ji1 MOHMKEHHSI TeMIlepaTypu 3a-
MEp3aHHS 3aCTOCOBYIOTH CHelianbHi 700aBKku — anTuGpu3u. Sk 10-
0aBKH yacTillle 32 BCe BUKOPUCTOBYIOTHCSI HEOPTaHiyHi o (ToTaIn
K,COs, xnopuctuii maruii MgCl,, xmopuctuii kanpiiit CaCl,) abo
OpraHiyHi PEYOBHHHM, HANPHUKIAJ] CIOUPTH, TMOXIJHI TIILEPUHY
CH,OHCH,OH.

3HMKEHHSI TeMIEepaTypH 3aMep3aHHs BOJAU 3aJICKUTh BiJl Ki-
JBKOCTI BBEJICHOT pe4OBUHU. EBTEKTHUHY TOUKY (caMy HH3BKY Te-
MIEpaTypy 3amMep3aHHs) BOJHOTIILEPUHOBI PO3UYMHH MAlOTh NpU
BMicTi 60% cnupty. [lpu 611blI BUCOKOMY BMICTI CHUPTY TeMIiepa-
Typa 3aMep3aHHsI 3HOBY IT1JBHILLY€ThCSI.

[Ipu mo6aB1 riikosei moTpiOHO BpaxoBYBaTH, IO 4Yepe3 iX
TOPIOYICTh HEMOXIIMBO 3aCTOCOBYBAaTH PO3YMHM 3 KOHIICHTPAIL€I0
ounbire 3a 30%. Y taba. 3.8 mpuBeneHi pe3yabTaTH JOCIIIIB 110 Ta-
CIHHIO TMOXKEXK IMTAa0eNI0 ASPEBUHNA MOPO3OCTIMKUM PO3UMHOM, IO
MICTHTh CITHPT.

Tabmuus 3.8 — 3anexHicTh e(EeKTUBHOCTI TaCiHHS BiJl BMICTY IJIi-
[IEPUHY B MOPO30CTIHKOMY PO3YHHI

Bwmict cimprty, | Temneparypa 3amep3aHHs Yac racinus. c
% po3uuny, °C i
0 0 15
10 -4 25
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20 -9 35
30 - 16 55
40 - 25 He racutsb
60 —-49 He racuts

3HWKEHHS TEMIIEpaTypu 3aMep3aHHs IIpH 100aBLi cojiel BiiOy-
BAa€ThCA TakuM 4dWHOM. Ilpum jomaBaHHI HEBEIMKOI KUTBKOCTI
AKOi-HEOY/1b HEJICTKOI PeUOBUHM 3HWKYEThCS KOHLIEHTPALISI MOJIEKYT
PO3YMHHMKA B CyMIIlIi, OT)KE, 3MEHIIYEThCSI YUCIIO MOJIEKYJ PO3YHH-
HUKA, 10 TEePEXOJUTh y Ta30MoAiOHMI CTaH 13 MOBEPXHI PIAWHH B
OJIHUITIO Yacy. THCK HACHUYEHOI MapH HaJl PO3YMHOM 3aBXK/IM MEHIIIE,
HIK HaJl YUCTUM PO3YMHHUKOM. YuM OlIbllle KOHIIEHTpALlisl PO3UUHY,
TOOTO UMM MEHIIIE MOJIEKYJT PO3UYMHHHIKA MICTHTBCS B OJIHUIIL 00'€MY,
TUM MEHIIMH TUCK Hacu4eHoi mapu. Takum 4MHOM, 3a paXyHOK poO3-
YHHEHHS COJIl YHCIIO MOJIEKYJI BOJIM Y TTOBEPXHI PIIMHH CTA€ MEHIIINM,
3aB/ISKM YOMY 3MEHILIY€ThCS MPYKHICTh ApH.

Ha mamonky 3.7 mpeacraBneHa (as3oBa giarpama BOIH, sKa

nonosrena kpusoro O'C’, mo xapakrepusye THCK mapu BOIM Hajl
PO3UMHOM HeneTKoi pedoBHHHU. KpuBa mpy’>KHOCTI mapu pO3UUHY
pO3TanIoBaHa HUKYE KPUBOT MPY>KHOCTI AP YUCTOT BOAM.
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Puc. 3.7 — 3HmKeHHs TeMIEpaTypu 3aMep3aHHs BOIH
[pY PO3YMHEHHI B HIll HENETKOI COIi

3 rpadika BUIHO, IO MPYXHICTh HMapyd BOJM 3MEHIIYETHCH,
1[0 MPUBOAUTH J0 3HIKEHHS TeMIlepaTypu 3aMep3aHHs Ta MiJBU-
IICHHIO TeMIIepaTypy KUMiHHSA. BennunHa 3HIKEHHS TOYKH 3aMep-
3aHHS W TIJBUINEHHS TOYKH KHUIIIHHS MPOMOPIIHA YHUCITy MOJICH
PO3UMHEHOT HEUCOIIIOEMOI Y BOJII PEYOBUHU (3aK0H Payis).

Skmo po3unHUTH 1 MOJIb HEAMCOIIFOEMOT coili B 1 KT BOjH,
TeMIlepaTypa 3amep3aHHs Boau 3HM3UThCA Ha 1,86°C. Jlnsa 3HM-
JKeHHs Temmeparypu 3amep3anHs Ha 30°C 3HamOOUTHCA, OTXKE,
30:1,86 = 16 MoxiB HeaHUCOIIFOEMOT couti. JIJIsg THUCOLIFOEMUX COJICH
(moramry, XJIOPUCTOTO MarHiro 1 T. M.) el pO3paxyHOK HempuiaaT-
Huil. HeoOXigHa KUTBKICTh COMI B IUX BHITAKaX BU3HAYAETHCS EM-
MIPUYHO.

OpHak MiHepanbHI COJi MiJBUIIYIOTh KOPO3iiHY 31aTHICTb
BOJIM, TOMY B PYYHUX BOTHETaCHHUKAX XJIOPUCTUH MarHii i Xjaopu-
CTHH KaJIBIIIH SIK MOPO3OCTIHKi J0OABKH HE BUKOPHCTOBYIOTh.
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Taxkum ynHOM, aHTU(PU3H, 1II0 BUKOPUCTOBYIOTHCS SIK 100aB-
KW Y BOAY MPOTH 3aMep3aHHs, BIUITMBAIOTh BEJIMKHUM YHHOM Ha Tij-
BUIIICHHS €(PEKTy TaciHHs.

2.5 BUKOpHCTAaHHA KOMIIO3HLIH Pi3HUX 1002aBOK

Benukwii BorHeracHuii eekt Moke OyTH IOCATHYTHH TpU
BUKOPHUCTAHHI KOMIIO3MIIIH PI3HUX J00aBOK. PO3UMHM KOMMO3HIIii
MaloTh BJIACTHBOCTI, IO BiJIPI3HSIOTH BiJl BIACTUBOCTECH PO3YHHIB
1HAMBITyaJbHUX PEYOBUH. Tak, pO3UYMHM KOMIIO3ULIN MOMIMEpIB 13
3MOYYyBaue€M MalOTh OJHOYACHO BUCOKY B'SI3KICTb, JOCUTHh BUCOKY
3MOYYBaJIbHY 3/1aTHICTh 1 HU3bKUN TTOBEPXHEBUI HATAT.

Byno npoBeneHo psn pobiT, B SIKUX JOCHIIHKYBAJINUCS BOTHE-
racHl BJIACTHBOCTI KOMITO3MIIIN pI3HUX J00aBOK, IO BKIIOYAIOTh
BHCOKOMOJIEKYJISIPHI CIIONYKH (3rylIyBayi), 3MOYyBay i aHTUIIIPEH.

JIst iABUIIEHHST BOTHETacHO1 €()eKTUBHOCTI B T€JIEYTBOPIO-
104l CKJIaJId BBOJISATH BOTHETACHI COJi (HANPUKIIAL, XJIOPU HATPIIO,
KapOoHAT aMOHiH, OikapOOHAT JIy)KHOTO MeTany, Kuciauil docdar
JTy»HOTo Metairy abo ix cymimi). bararo siki ckiiagy MicTATb TaKOX
MOBEPXHEBO-aKTUBHI PEYOBHHHU.

VY ckiman Uis TOHMKEHHS TOYKM 3aMep3aHHs JI0JA€ThCs
0,5-3% cymimii, mo ckiaaaaersces 3 60-80% i30mMpomniaoBoro crnup-
Ty 1 15-20% erunenriuikoito, abo 1% xmopuay HaTpito i Kamiro.

Jlis miABMILEHHS BOTHETaCHUX 1 BOTHE3aXMCHHUX BIIACTUBO-
CTell BOIM B psAll poOIT MPOIMOHYBaJOCS BBOAMTH 3TYIIYIOUi JO-
0aBKM, B TOMY YHCJII BHCOKOMOJIEKYJISIPHI CIOJYKH, a TaKOX
HU3BKOMOJIEKYJISIPHI TOOaBKH.

BorneracHi BI1acTUBOCTI PO3UMHIB KOMIO3HIII BU3HAUATIH 32
9acoM TraciHHA MITa0esns IePeBHHN KOMITAKTHUM CTPYMEHEM i3 I10-
CTIITHOIO 1HTEHCHUBHICTIO.

VY [KOCTI 3TyIIyBaviB BUKOPHCTAINA HATPIEBY CLIIb KapOOKCH-
METHJIIIENIONO3H Ta MONIaKPUIOBY KHUCIOTY, SIK 3MOUYyBad - MiHO-
yrBoptoBay [10-6K, y sikocTi aHTHIIpeHy — oJHO3aMileHuid (oc-
dat amoniii (NH4H,POy).

Jlo6aBka 3MoOuyBaya /10 PO3YMHY KapOOKCHMETHIILEIIOIO3U
MIJIBUIIY€ HOTO BOTHETACHY 3JaTHICTh y MOPIBHSAHHI 3 BOJOIO B 1,6
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pas3u. JlogaHHs 40 PO3UMHIB CIIOJIYK aHTHUIIIPEHY, 110 BUKJIMKAE Ti-
JPONITUYHE PO3KIIAJaHHS JACPEBUHH, 30UTBIIYE€ BOTHEracHy 37at-
HICTh BoaH B 2,4 pa3u. IloTpiiiHa ’k KOMIO3HULIS MiIBUILYE BOTHE-
racHy 3/1aTHICTH B 3,5 pa3u.

[Tpu BUKOpHCTaHHI KOMITO3MIIH, SIKI MICTATb y SIKOCTI 3Ty-
mryBavya momakpuioBy kucinoty (ITAK) ta antumipeH, nomaHHs
3MO4YyBaya He BIUIMBA€ Ha iX BOTHEracHy 3/4aTHICTh. J[o nesikoro
MiBUIICHHS BOTHETacHOi 3maTHOCTI po3uuHiB [TAK mpoBoauTh
no0aBKa CEYOBUHM, 1110 TPA€ POJIb 1HT10ITOPY TOPIHHSL.

OcoOnuBuil iHTEpEC MPEACTaBISAIOTh BOTHE3aXHMCHI BIACTH-
BOCTI PO3YHWHIB JOCTIHDKCHUX KOMIO3uIii. [ToaBiiHI KOMMO3HIT|
"momimep — anTumipen" abo "momimep — 3MouyBau" 1O BOTHE3a-
XUCHUM  BJIACTHBOCTSIM  MaJi0  BIJIPI3HSIOTBCS  BiJl PO3YHHIB
NOJIMepiB, TOAI SK MPH BHUKOPHCTAHHI MOTPIHHOI KOMITO3UIIT
"aHTUIIIPEH — 3TyLIyBa4 — 3MO4YyBayu" 3pa3ku BTpavyaroTh 3/110HICTh
no 3anajneHHs. Ilo's3ane me 3 TuM, 1O Hpu 0OpoOOIl JEepeBHHU
MOTPIMHOIO KOMITO3HIIIEI0 aHTUIIPEH BHACIIOK BHCOKOI B'S3KOCTI
pPO3UMHY JAOBIIE KOHTAaKTy€ 3 JCPEBHUHOIO, a 3MOYyBay CIIPHSE
OiJIbII MIBUAKOMY ¥ TIOBHOMY HPOHUKHEHHIO aHTHIIIPEHY B Jiepe-
BuHy. OOWIBa UYMHHUKH, JIIOYM  CIUIBHO,  IMiJBUIIYIOThH
e(eKTUBHICTh BOTHE3aXUCHOT JIIi PO3UUHY.

Jnist 3aXMCTy BiJl KOPO3ii MOKEXKHOTO YCTaTKyBaHHS 3BUYAM-
HO 3aCTOCOBYIOTh HeOpraHiyHi cmoiyku (kucm (ocdaru, kap6o-
HATH, CWIIKATH JIY)KHUX METaliB, OKHCIIOBAaYl THITy XpOMaTy Ha-
Tpito abo0 KaJilo, HITPUTY HATPilO), SKI yTBOPIOIOTH Ha MeTaleBiil
NIOBEPXHI 3aXUCHUH 11ap, abo opraHiuHi crionyku (amidaruani ami-
HU U 1HIII PeYOBUHHU), 31aTHI abcopOyBaT KUCEHb, POZUUHEHUN Y
Boni. Haiibinpm edekTuBHUM iHrIOITOPOM KOpO3ii € Xpomar Ha-
Tpito, ajie BiH € TOKCUYHUM, TOMY B OUTBIIOCTI BUMAAKIB BUKOPH-
CTOBYIOTb ITOJIIMEPHI TTOKPUTTSI.

TakuMm 4MHOM, 3HAYHE MiJABUIIEHHS €(PEKTUBHOCTI BUKOPH-
CTaHHS BOJM TpPU TacCiHHI TOXKEXK MOXe Oyae IOCATHYTO B
pe3yibTaTi KOMIUIEKCHOTO JIOCTIPKEHHSI TEXHIYHUX Ta TEOpeTHd-
HUX mpobiem. J[o HUX CIIij] BiTHECTH pO3pOOKY MPHUCTPOIB, SIKi pO3-
NWIIOKOTH 1 3a0€3Me4yoTh PIBHOMIPHUN PO3MOALT BOAU IO TUIOLI
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TOpPIHHS TMpPHU 3aJlaHOMY CTYIIEHIO JHMCIEPCHOCTI, BU3HAYECHHSA
ONTUMAIILHOI JMCIIEPCHOCTI BOAM JJISi KOXKHOI XapaKTEpHOI Tpynu
PEYOBHUH 1 MaTepiaiiB, BUOIp BiMOBIAHOTO TUITY JOMIIIKH J0 BOIU
(3MouyBay, 3rymryBad, iHTiOITOp, aHTHITIpEH a00 iX KOMIO3UIIis),
BHU3HAUEHHS ONTUMAJBLHUX KOHIIGHTPAIIM IUX JOMIIIOK 1 CIIOCO0yY
iX BBEJCHHS B CTPYMiHb PO3MWICHOI PiIMHU, PO3POOKA TAKTUIHHX
3aX0/liB ONTUMAJIBHOTO 3aCTOCYBAHHS CTPYMEHIO PO3IMUICHOT BOJIH,
BH3HAYCHHS HOPMATHBHHX ITOKAa3HHKIB JIJISI MPOCKTYBAHHS CHUCTEM
MOKEKOTACIHHS BOJIOIO Ta BOJHUMH PO3YMHAMH.

KonTpoJbHi nuTtanus

1. Bix sxux ¢akTopiB 3aJeKUTh BOTHETacHa €(EKTHBHICTH
Bou? Ha3BiTh OCHOBHI METOJM IiJIBUIICHHS BOTHETACHOI e€(eKTH-
BHICTB BOJIN.

2. Po3kputu MexaHi3M po3naay piIMHHHUX IUTIBOK Ta CTpY-
MEHIB. SIKi iICHYIOTh CITIOCOOHM Ta PHUCTPOT PO3MMICHHS PiIUHA?

3. Po3kputu BIIMB po3Mipy Kparmeib Ha BOTHEracHy edek-
THUBHICTH BOIIH.

4. Po3kpuTH MeXaHi3M MiJBUILEHHS BOTHEracHOi €(eKTHB-
HOCTI BOJIM IPU BUKOPUCTaHHI 3MOYYyBayviB.

5. Po3kputu MexaHi3M MiJBHIIEHHS BOTHETacHOi e€(eKTHB-
HOCTI BOJIM IPU BUKOPHUCTAHHI 3TyIIyBaviB.

6. Po3kputu MexaHi3M MiJBHILIEHHS BOTHETacHOi e€(eKTHB-
HOCTI BOJIM IPU BUKOPHUCTAHHI MPOIIEICHTIB.

7. Po3kpuTH MexaHi3M IMiJBHILIEHHS BOTHETacHOi €(eKTHUB-
HOCTI BOJIM NP BUKOPHUCTAHHI aHTUITIPEHIB.

8. PO3KpuTH MeXaHI3M MiJIBUIICHHS BOTHETacHO! e(eKTuB-
HOCTI BOJIM IPU BUKOPUCTAHH1 KOMITO3HUIIIT Pi3HUX JI00aBOK.
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I'JIABA 4. 3BACTOCYBAHHJ BOJAUA 1JIs1 CTBOPEHHSA
YMOB NOKEKHOI BE3NNEKA

Sk Bxke OyJio cka3zaHO, BOJY BUKOPUCTOBYIOTh HE TUIBKH IS
TaciHHS MOXKEXK, aje W B YCTAaHOBKAX, MPU3HAYCHUX JIJISI CTBOPCHHS
YMOB MOexXHoi Oe3neku. deHomeHanbHI BIaCTUBOCTI BOJIU (3HAY-
Ha TETUIOEMHICTP 1 BUCOKA TEIJIOTa BUTIAPOBYBaHHS) 3a0€31EeUyI0Th
HE TUIbKH e(EeKTHBHE raciHHs OO0'€KTiB, IO TOPSTh, ale TAKOXK U
eeKTHBHUN 3aXHCT (32 PaxXyHOK OXOJIO/DKEHHS) 00'€KTiB, po3Ta-
[IOBAaHUX TOONHM3Y OCEPeNKy TOPIHHS, I[IO J03BOJSIE 3amo0IrTH
pYyHHYBaHHIO, BUOYXY 1 3aTOPSHHIO OCTaHHIX.

OCHOBHUMH HaNPSIMKaMHU TaKOT'O BUKOPUCTAHHS BOJIH €:

* 00MEXEHHS TEIJIOBOTO BUIIPOMIHIOBaHHS MOJIYM'sl TTOXKEXKI,
3HIDKCHHST TEMIIepaTypy HarpiTHX rasiB, 3aXHCT MOXKEKOHeOe3mey-
HOT'O TEXHOJIOT1YHOI'O YCTaTKyBaHHS, a TaKOK CTBOPEHHS Oe3red-
HUX YMOB TIpH TPOBEICHHI aBapiiHO-pATyBaJbHUX poOiT. [Ipm
IIbOMY BHUKOPHCTOBYIOTh BOJISIHI, IapOBi i aepoAMCIIEPCHI 3aBicH,
3aXHMCHA i SKUX 0a3yeThCsl Ha MOTJIMHAHHI 1 PO3CitOBaHHI eHeprii
TEIIOBOTO BUIPOMIHIOBAHHS MOJTYM'sl TIOXKEXKI.

* 3pOIIyBaHHS HECYYUX OYyMIBEIHHUX KOHCTPYKIIN MOXKEXKO-
HEeOe3MeYHUX TEXHOJIOTIYHUX YCTAaHOBOK 3a JIOTIOMOTOI0 KparIfH-
HUX BOJITHUX CTPYMEHIB, IKi MOTJIMHAIOTH TEIUIO, IO CIIPHHMAETh-
Cs1 KOHCTPYKIIERO MMiJ yac nmoxexi. Le 103Bosisie 30epertu moxxexHy
0e3IeKy YCTaHOBKH B YMOBAaX ITOXKEXKI.

PosristHemo 111 muTaHHs JOKIIATHIIIE.
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Po3ain 1. 3acTocyBaHHsI BOASIHUX 3aBic sl 00MeKeHHSI
TEeNJ0BOr0 BHUIPOMiHIOBAHHSI Ta 3HHKEHHS TeMIlepaTypu
HArpiTHX rasis

OpnuM 13 cmoco0iB 3aXUCTY MOKEXKOHEOEe3MeyHoro 00mai-
HaHHS, TOPIOYHMX MaTepiaiB, OyIiBEIbHUX KOHCTPYKIIIH BiJ] TETIO-
BOT'0 BUIIPOMIHIOBAHHSI OCEPENIKY MOXKEXki, a TAKOXK Ul CTBOPEHHS
0e3MeYHnX yMOB JUII OCOOOBOTO CKJIaIy Ta IMOKEKHOI TEXHIKH TPU
IIPOBE/ICHH] aBapiiHO-PATYBAJILHUX POOIT HA MOXKEKAX € yCTAaHOB-
JICHHA 3aXUCHUX €KpaHiB (3aBic). 3a MPUHIMIIOM JIii BOHM MOILIS-
FOTbCSI Ha 6i00ueni Wi nozaunanvni. BigmoBigHO OO Ha3BH, 0CJIA0-
JICHHS TOTOKY TEIJIOBOI'O BUIIPOMIHIOBAHHS 31MCHIOETHCS MEPIIH-
MH — 32 PaXyHOK BiIOMTTS, a IPYTHMHU — 332 PaxXyHOK IOTJIMHAHHS
ab0 po3CitOBaHHs TEIUIOBOTO MOTOKY. Y MOKEXHIA MPaKTULI BOJA
BUKOPHCTOBYETHCS [l CTBOPCHHS TTOTIIMHAIBHUX €KPaHiB.

EdexTuBHICTh BOASHUX 3aBiC 3HAYHOIO MIpPOIO 3aJICKHUThH BijI
BUTPATH BOAM, SIKOCTI PO3MIJICHHS BOJM Ha Kparuli i yMOB TEIUIO-
oOMiHy. BuTpatu BoIu Ui CTBOPEHHS BOASHHX 3aBicC, IO 3amo0i-
raroTh HeOe3melll TEeIUIOBOTO BUIPOMIHIOBAHHS TOJIyM's abo 3HH-
KYIOTh TeMIIepaTypy HarpiTUX rasiB, po3paxoBYIOTh Y 3aJ€KHOCTI
BiJ psiy (aKTOPIB, IO XapaKTEPU3YIOTh TEIUIOBHI BILTUB IMOXKEXKI,
3aKOHOMIPHOCTI MOIIMPEHHS Terla (KOHBEKI[I€l0, BUIPOMIHIOBAH-
HAM a00 TEIUIONMPOBIIHICTIO) 1 BUMOTH, 10 OOYMOBIIOIOTH TTOMXKEXK-
Hy Oesreky 00'ekTa, 110 3aXUIIA€THCS, HAPUKIIAI, JOMYCTUMA 1H-
TEHCUBHICThH TEIJIOBOI'O BUIIPOMIHIOBAHHS, TEMIIEpaTypa rasiB To-
mo. Tak, B 3akpuTux 00'eMax BUPOOHUYMX MPUMIILIEHb OCHOBHUMU
napameTpamH, 10 XapaKTepU3yIOTh BIUIMB MOXKEXKi, € TEIUIO U 1M,
10 BUJUISIFOTBCS TIPH MOXKEXKi. JIJIs BIIKPUTHX TEXHOJIOTIYHHUX yCTa-
HOBOK HaiiOUTbIIl HEOE3MEUHUM € TEeIJIOBE BUIIPOMIHIOBAHHS MOIYM'S 1
TIOTIK iCKOP.

3axXuCHI eKpaHUu MOXKYTh pPealli30ByBaTUCS a00 y BHII CYL1Ib-
HUX BOJSHHX TUTIBOK, IO CTIKAIOTh IO MOBEPXHI CITKH, a00 y BUI
3aBiC 13 Kpameib PO3MUICHOI BOIH.

176



1.1 CyuisibHi BoAsiHI ekpaHu

[HTeHCHBHICTH TETUIOBOTO BUIIPOMIHIOBAHHS MPH MPOXOKEHHI
HECKIHYEHHO MaJIoro HIapy MOBITPSIHO-BOISIHOTO CEpelIOBHUIIA 3Me-
HIITY€ETHCS 1 3aJIEKUTh Bl (PiI3MYHUX BIACTUBOCTEH 3aXUCHOTO Ce-
penoBumia.

VY mudepenuianbHii hopMi 11e Moke OyTH 3allMCaHO TaKUM YH-
HOM:

dI = —&ldx,

ae € — xoediuieHT OCTAGIEHHS TEIUIOBOrO BUIPOMIHIOBAHHS,
SIKMH 3aJ1€KUTh B1Jl (PI3MYHUX BJIACTUBOCTEN CEPEIOBHILIA.

3HaK MiHyC y BHpa3i BKa3ye Ha 3MEHIIICHHS IHTCHCHBHOCTI TIPH
BIJTAJICHH] BiJl JpKepena BunpomiHtoBaHHs. [licns posmineHHs nepe-

MiHHHX 1 iHTErpyBaHHs HHOTO piBHAHHA B Mexax Bin X =0 go X =r

ta Bix Iy = I no Iy = I snaxoaumo Benmuuny inTeHCHBHOCTI TEILIO-
BOTO BHIIPOMIHIOBAHHS Yepe3 I1ap MOBITPSHO-BOISHOTO CEPEIOBHIIA:

I=I,e",

e Iy, I — inTeHcuBHOCTI TEMIOBOrO BUIPOMIHIOBAHHS BiJIIO-
BITHO TIOJIyM'sI 1 B TOYITi, 11O PO3TIISIAETHCA, BT/MZ;

I' — BiZICTaHb BiJl OC1 TIOJTyM s IO TOYKH.

3HadyeHHs KoediieHTa & U Pi3HMX 3aXUCHUX CEPEeIOBUII
BHU3HAYAETHCS SKCIICPHUMEHTAIBHO.

VY pa3i HasgBHOCTI JIBOX TOTJIMHAIOUMX CEpPEeNOBUIL (IOBITPS,
TIOBITPSTHO-BOJIsIHA a00 BOJIO-TIIHHA 3aBICH) 3MiHY 1HTEHCHUBHOCTI TeTI-
JIOBOTO BUMPOMIHIOBaHHSI BU3HAYAIOTH 32 (POPMYJIIOHO:

I8 =& (v, 1)+ Er,
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ne &g, & - xOedilieHTH MOTTMHAHHS TEIUIOBOTO BUIIPOMIHIO-
BaHH$ BiJIMIOBIIHO TIOBITPSIM 1 3aBiCOIO;
I'g, I' — TOBILIMHA APy BiAMNOBITHO MOBITPS U 3aBiCH, M.

ExcnepumenTr 3 ociabiieHHsI paIiallifHOrO BHUIIPOMiHIOBaH-
HSl TOHKUMH BOJISHUMM IUTIBKAMH MMOKa3aJd, 10 TEMJIOBUN MOTIK Y
JISTKUX BUTIQJIKaX 3MeHIyeThes B 30 pazis [73].

OnHuM 13 (pi3MUHUX MapaMeTpiB, 10 BU3HAYAIOTh B3a€MOJIIIO
TLJT 13 BUMIPOMIHIOBaHHSM, € JOBXHHA XBHJII BUIIPOMiHIOBaHHS. [is
OLIIHKU XapaKTepHOi BEJIMYMHU I[LOTO MapaMeTpa MOKHA CKOPUCTa-
THCS 3aKOHOM BuHa, 1110 3a/1a€ 3aJI€KHICTh MTOJIOKEHHS MaKCUMyMY
CHEKTPAIbHOI TYCTHHU BUIIPOMIHIOBAIBHOI 37aTHOCTI a0COIIOTHO
YOPHOTO Tijia BiI TEMIIEPATYPH:

-3
2,9-10
Mmax = = (4.1)

e Amax — JOBKHHA XBUJI BUIIPOMIHIOBAHHS, 1110 BiJNIOBiae Ma-
KCUMYMY CIIEKTPaJIbHOI TYCTUHH, M;

T — abconoTHa TeMneparypa piBHOBaKHOTO BHIIPOMIiHIOBaH-
Hi, K.

VY mokexHil MPaKTHI JHKepea TEeIIOBOTO BUIIPOMIHIOBAH-
HS, B/l IKOrO HEOOXIJHO 3aXMILIATUCS, MAIOTh TEMIEepaTypy B Jia-
na3oHi Big 1200 go 1800 K. Takum Temmeparypam BiAIOBiNAlOTh

JIOBKHHH XBHIIb BUPOMiHIOBaHHs A y miamasomi (1,6 + 2,4)-107 m.
[Tpu oIiHIII ONTHYHUX BIACTUBOCTEH MIIIBKOBOTO €KpaHa MO-
’KHa BBaYKATH, IO BiH SIBJISIE COOOI0 TUIOCKOMAPAICIbHY TUIACTHHY

TOBIIMHOIO O, 1[0 CKJIAJAEThCA 13 CyliapHoi Boau (puc. 4.1).
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Puc. 4.1 — Cxemarnune 300pakeHHsI €KpaHa:
b — mmpuna expana; & — Topmuna expana; H — Bucora ex-

pana; Iy i I — rycruna noroky TemioBoro BUIIPOMiHIOBaHHS JI0 i
TICJIS €KpaHa BiIIOBITHO

Bynemo mpuryckary, oo TEIUIOBUHM IMOTIK MaAa€e TEPICHIH-
KYJISIPHO A0 IUIOLIMHM TaKoi MJIACTUHHU. Y TaKOMY BMIAJKY 3aXHC-
HUI e(eKT eKpaHa XapaKTepU3yeTbCs Koe(DillieHTOM MPOMYIICHHS
BunpomiHioBaHHs D kpi3b noaiOHy mnactuHy. KoediuienT nporry-
HICHHS SBJISIE COOOIO BiTHOIICHHS T'YCTUHH TMIOTOKY BUIIPOMIHIOBAH-
Hsl, 10 MPOWIIO KPi3b €KpaH, 10 TYCTHHU MOTOKY MaJaro4yoro BU-
npoMiHiOBaHHA. SIK mokazaHo B onTHmi [74], y pa3i ¢dikcoBaHMX
3Ha4YeHb TOBIUMHU IUIACTHHU 1 JIOBKMHHU XBMJI1 BUIPOMIHIOBAHHS
KOE(]IIiEHT MPOITyIIEHHS JOPIBHIOE:

2
4n exp(id) ‘
n+1)> —(n—1)%-exp(2iA)|

D= ‘ (4.2)
(

179



ne 1 — MHMMa ouHMIS;
N — KOMIUIEKCHHIM MOKAa3HUK INEPEIOMJIEHHS BOIM 3a JAHOI

JIOBKMHU XBWJII BUTIPOMIHIOBAHHS A, TOOTO
n=n'+in", (4.3)

ne n' i n" — BignosigHo, AificHa i MHMMa YaCTHHU KOMIIJIEKC-

HOI BEJIMYMHU 1.
[ToTpiOHO BiA3HAYUTH, L0 B PO3IJISHYTOMY IHTEpBall JIOB-
KUH XBUJIb BUKOHYETHCS CITIBBITHOIICHHS:

n'>>n", 4.4)

MPUYOMY 3 TOYHICTIO JO KUIbKa BIJACOTKIB MOJKHA TPUHHATH
n'=1,33.
Kommiexcuuii mapamerp A sBisic co60r0 (pa3oBe 3pyHICHHS,

1110 BUHUKAE B €JIEKTPOMArHiTHIN XBUIII B pe3yJbTaTi MPOXOJKEHHS
Kpi3b IIiBKY. BOHO MOpiBHIOE:

0
A=21tn—. 4.5
T A 4.5)

CynuinpHI BOJSHI TUTIBKH, SIKI CTBOPIOIOTH JUISl 3aXHUCTY BiJ
BUIIPOMIHIOBaHHS, MalOTh TOBIIMHY O HE MeHIIy 3a mirtiMetp. Lle
03HAYae, M0 B MPAKTHUIll PEaTi3y€e€ThCS MEKa ONTHYHO TOBCTHX ITJTi-
BOK, TOOTO BUKOHYETHCSI YMOBA:

A <<d.

I{s oOcTaBrHA MO3BOJISIE CIIPOCTHTH PO3MIIA npodiaemu. OT-
e, JilficHa yacthHa mapamerpa A, mo 3BuHuaiiHO 3BEThCHA (a30r0
A' = Re(A), 3nauno nepesunye oxunuio. Ilpu oMy He3HauHa
3MiHa TOBIIMHU IUTIBKM (HAa BEIUYHHY ~ A) MPU3BOJUTH 0
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3HAYHMX 3MiH (a3u i pa3oM i3 HEK OCHMIIOI0UYOi KOMIIOHEHTH KO-
edinienta npomymieHHs (4.2). Uepes Te mo peanbHa IIIIBKA HEPIB-
HOMIpHA 3a TOBIIMHOIO, HA IMPAKTULI BiOYBAETHCS YCEPEIHEHHS
KoedimieHTa npormyneHas D mo ocuusmisax, 3B'13aHUX 13 3MiIHAMH

nepeminnoi A'. V pesynbrari crioctepiraetbes epexTuBHuit Koedi-
LIEHT MPOMYIICHHS, SKHH JOPIBHIOE:

1 2 1 '2. —2A"
Def =—— [DdA'= 46“ eng A") , (46)
2w (n'+1)" —(n'-1)" - exp(—4A")
ne A" — mBuMma yactuHa mapamerpa A.

Bennunna A" BusHauae ocnableHHS IPOMEHHCTOrO MOTOKY
BHACJIIIOK TOTJIMHAHHS €JICKTPOMArHiTHOT XBWJII BOJIOIO TUTIBKH 1

JIOPiBHIOE MHMMIH 9acTuHi mapamerpa A:
”" ”" 6
A"=Im(A)=2nn e 4.7)

Amnainiz popmynu (4.6) nokasye, mo epekTuBHUN KoeilieHT

HPOIYIIEHHS € MOHOTOHHO yOyTHON (yHnkmiero A", mo i3 3po-
CTaHHAM LOTO HapaMeTpa NPAMyE 10 HyJs EKCHOHEHIAIbHO.

MakcumansHe 3HaueHHs Do mocaraerses npu A" = 0 i gopishroe:

) FURLLU 0,96. (4.8)

JUist pOsICHEHHS 3aJIEKHOCTI Koe(illieHTa MpPOIYIICHHS Bij
TOBILHM €KpaHa BBEJIEMO €(DEKTUBHY JIOBKUHY 3aracaHHs:

A

—. 4.9
47tn" (49

lef =
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BuxopuctoBytoun no3naueHHs (4.9), MOXKHa y BHIMAJIKy BO-
JITHOTO €KpaHa 3 TOYHICTIO KiJIbKa BIJICOTKIB NMPHUBECTH (HOPMYITY
(4.6) no BUmdy:

d
Dy =Dy -€Xpl —— |. (4.10)
ef

Takum yrHOM, P IPOXOpKEHHI BiacTaHi lef y cyninbmiii 3a-
BiCl IPOMEHHUCTHIA OTIK 3MEHIIYETHCS B € = 2,7 pasu.

Bemnunna leg € HeMoHOTOHHOI0O (yHKIiEO A, 0 3B'S3aHO 3
HETPUBIAJILHUM TOBO/DKEHHSIM MHHMOI YaCTUHU KOeQilli€eHTa TIo-
TIIMHAHHS. Y 3aJI€KHOCTI BiJl TOBKHHHM XBWJII BUIIPOMIHIOBaHHS B

miamazoni A Big 1-10° M 0 10-10° M mapamerp lef MOKe npuiimaTH
snaueHHs Big 0,008 M 1m0 nexinmpkox metpis. Lle, BignosigHo 10 do-
pmynu (4.10), o3Hayae, Mo IS ICTOTHOTO OCHaOJIeHHS BUIPOMI-
HIOBaHHS HEOOXiJTHO CTBOPIOBATH CYLIJIbHI BOJSHI €KpaHH 3 TaKH-
MU K TOBLUIMHaMHU. Take pillIeHHS B 3arajJbHOMY BHUIAJKy dYepes
3HAYHI BUTPATH BOJIU € HEJIOIUTEHUM.

binbil mepcneKTHBHUM MOXKE BHMSBHMTHUCS OpIEHTALlll HE Ha
MOTJIMHAIIBHI, a HA PO3CIFOBAJIbHI BIACTHUBOCTI €KpaHiB. Y BUIAJKY
IUTIBOK 1I€ O3HAa4Ya€ CTBOPEHHS HE OJHOTO MOPIBHSIHO TOBCTOTO €K-
pana, a 6e37ivi eKpaHiB 13 MEHIIOK CyMapHOIO TOBIIMHOI. Y IIbO-
My BUNAJKY (SKIO HE JOKJIACTU CHEIiaIbHUX 3yCHUIIb) BOHU Oy Iy Th
TISITH KPS HEY3TO/DKEHHX PO3CIIOBAYiB 1 MOBHHHA KOEQIIiEHT

npomnyiienHs cucreMu Dsap, 1m0 cknagaerses 3 N Takux ekpasis,
MOJKHA Oy/JIe OIIHUTH BEJIMIHHOIO:

Dsar = Dgax- 4.11)

Hessaxaroun Ha TOpiBHAHO Maiy BiaMiHHICTE Dpax  Bin
oquHUI (1uB. (4.8)), TaKUW NUIAX MOXKE BUSBUTHCS OUIBIN edek-
TUBHUM, HIK CTBOPEHHS CYyIUIBHOTO eKkpaHa. [lokaxemo 1ig,
OIIHUBIIIK JTIOBXXKWHY 3aracaHHs B CHCTEeMI 3 0aratbox IUIiBOK. [lo-
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3HAYUMO Scep 1 lcep Cepe/IHIO TOBIIMHY OJIHI€T IJIIBKU 1 CEPEIHIO
BiJICTAaHb MK CYCITHIMHU TUTIBKAMHU BiJIMTOBIAHO. Y I[bOMY BHIIAIKY
Ha JIOBXKUHI X MOTIK OyJie mepeTuHaTu

X

N(x) =
lcep + 8cep

IUTIBOK, IO, BiATOBITHO 10 opmymu (4.11), mpu3BOAUTE A0 3ae-
KHOCTI Koe(ill€HTa NPOXOJKEHHS Bl MPOHACHOr0 HUIAXY:

In(D
D(x) = DN = exp) 112 Pmax)

lcep + 8cep

Octanns (opMmyna 03Hayae, 1110 B TaKiii CUCTEMI JJOBXKHHA 3a-
racaHHs JOPIBHIOE:

| ;= cep + 8cep cep + acep (4.12)
e . .
ln(Dmax) 1- Dmax

3 ypaxyBaHHSM ciBBiHOMEHHS (4.8) OIiHKa BeNIUYHUHU lgf,

3riauo 3 (4.12), nput (Igep + Seep) = 0,01 M 1ae 3na4eHHS:

0,01
le~n—2 =025m
f = 1096

Ile Hemasia BenMuMHa, ajie, B MOPIBHSAHHI 13 CYLUJIBHUM €Kpa-
HOM, BOHA BUMAarae Jyisi CBOT0 CTBOPEHHS MEHIIO1 KUIBKOCTI BOJH B

(lcep + Scep)/ Scep pasiB, 110 Y pa3i JOCUTb MaJUX 3HaYEHb Cepe-

HBOI TOBIIMHHM TUTIBOK MOYKE BHSIBUTHUCS O1JIBIII JTOIITEHUM.
Po3BUTKOM 1/1€1 BUKOPUCTaHHS PO3CIIOBAJIbHUX BJIACTUBOCTEN

BO/SIHMX €KpaHIB CTaja 3aMiHa CHCTEMH IUTIBOK Ha CHCTEMY
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CTPYMIB 1 Jaji — Ha cucteMmy kpaneinb. [logiOHe npobneHHs ene-
MEHTapHUX PO3CIFOBAYIB MOXKE BUSBUTHUCS OUIBIN MEPCIICKTHBHUM,
y 3B'I3Ky 13 CYNPOBOKYIOUMM Taki 3MIiHU 30UIBIICHHSIM
PO3CifOBaHHS B PO3paxXyHKY Ha OJMHUITIO MacH BOJIH, IO MOIAETHCS
Ha CTBOPEHHs eKpaHy. Ha 1iboMy HIUISIXy 3MEHILY€ThCS BUTpaTa BO-
IIM, OJTHAK, BAHUKAIOTH MPOOJIEMH, MOB'SI3aH1 3 IIOCTAHOBKOIO TaKMX
eKpaHiB.

1.2 KpaniimHHui ekpanu

XapakTepHi po3Mipu Kparuli, SKHX YJIA€TbCsA JOCATTU IPH
PO3MUJICHHI, MMEPEBUINYIOTh KUJIbKA JECATKIB MIKpOHIB. Takum 4u-
HOM, 3aBX/M MO>KHA BBaXKaTH, 110 y BUMAJIKy KPAILIAHHOTO €KpaHa
BUKOHYETbHCS CITIBBITHOIIICHHS:

A <<rg, (4.13)

ne I — pajaiyc Kparuii.
Posnmiiennst o3Havae, 10 Kparuii 3aiiMaroTh BIJHOCHO Maiy
qacTKy npoctopy. IIpu 1boMy BUKOHYIOTHCSI YMOBH:

P << Po. Ie << lxap, (4.14)

Je P — IyCTHHA PO3HOPOLICHOT BOIH, KI"M

Po — I'YCTHHA CYI[ILHOT BOIH, KI"M °;

lxap — cepenHs BiIcTaHb MIXK KPaIUISIMUA BOJIH.

CrinbHe 3actocyBaHHs yMOB (4.13) 1 (4.14) no3Bossie po3riis-
JIaTU PO3IMOPOIIEHY BOJY K CUCTEMY HE3aJEKHUX PO3CiIOBayiB. Y

[IOMY BHUNAJKy MUTOMHH TOTIK BHIIPOMIHIOBAHHS, IO TPOWIIOB
Kpi3b 11ap 3aBiCH, BUPAKAETHCS (POPMYIIOHO:
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1(0) =1, -exp —? , (4.15)

ne I(0) — 3HaueHHs NMTOMOrO TEMIOBOrO MOTOKY MicHs HpO-
XOJUKEGHHS 3aBiCH TOBIMHOKO O, BT-M 7;

I, — 3HaveHHs: MMUTOMOrO TEMIIOBOTO MOTOKY IMEPE 3aBiCOIO
npu X =0, BT-M72;

O — TOBIIMHA KPAIUIMHHOTO €KPaHa, M;

1 — noBxuHa 3aracanss, M.

Bennunna | BusHauae iHTeHCHBHICTD OCIAGJICHHS BHIIPOMi-
HIOBAHHS 1 3HAXOAUTELCS 31 CIIBBIAHOIIIEHHS:

1=—— (4.16)

3 . -
ne Ny — 9HCIIO Kpamenb y Po3paxyHKy Ha 1 M 3aBicu, M™;
O — cepeaHil nepepi3 eKCTUHKIIIT OIMHOYHOT Kparui, M.
[lepepi3 eKCTUHKIIIT MOXKHA MPEICTAaBUTU Y BHJI CYMH JIBOX
IOJaHKIB:

G = Opoez T Onor (4.17)

Jie  Opoz — HEpepi3 PO3CIIOBaHHSI, BPAXOBYE NPOLEC PO3CIIOBAHHS
BUIIPOMIHIOBaHHS KPaIuielo;

Ouor — I€pepi3 MOMIMHAHHS, BPaXxOBY€ NOIVIMHAHHS BUIIPO-
MIHIOBaHHS Kparuicko.
[Tepepi3 po3citoBaHHS € HEMOHOTOHHOIO (DYHKITIEIO TTapaMeTpa

A'=47m (n'-1) %" (4.18)
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CHIBIA/IAl0Y0r0 3 PO30LKHICTIO (ha3u €JIEKTPOMArHiTHOI XBHJII IpU
IPOXOJPKEHHI JiiameTpa yacTku (2I) y HOBITpi i y BOII.

[epepi3 moraMHAHHS € 3pOCTa0uO0r0 (DYHKIIIEIO BiJ] MapaMeT-
pa 2mn"r/A, ananoriumoro  Benmumni  (4.7). Ilpu

27n"'r /A >>1 (wo y Bunaaky Boau uepes Maili 3HAYEHHs BEJIH-

ypan N'"' He 3AiMiCHIOETBCA) Mepepi3 MOIJMHAHHSA ACUMITOTHYHO
HAOJIMKYETHCS JI0 CBOTO MAKCUMAIILHOTO 3HAYCHHS

oM —qr?. (4.19)

mor

SIK 1 Opg3, HEPEPi3 SKCTHHKIIT € HEMOHOTOHHOKO (YHKIIEIO

A'. V Bunanky kpammHHEX 3aBic, 3rigHo (4.13), mapamerp A' €
BEJIMKOIO BEJIMYMHOIO, NPHU LIbOMY HaBITh BIJHOCHO Majli Bapiamii
PO3MIpIB Kparelb MPUBOIATE IO TOTO, IO HA MPAKTHII CIIOCTEpira-
€TbCSl YCEPEIHEHE 3a OCHMJIALISIMM 3HAUEHHS Mepepidy eKCTUHKIII,
SIKE JTOPIBHIOE:

o=2nr’ (4.20)

O1iHIOIYY TYCTHHY YHCIIa YaCTOK (POPMYJIIOI0

ny = P , (4.21)
my
y SIKii BeTMUMHA
4 3
my = Ean Po (4.22)

SIBJIsE COOOK0 XapaKTEepHY Macy Kparuli, MOKHA, BpaxyBaBIIu (op-
myiy (4.20), npuBectu criBBinHOIIEHHS (4.16) 10 BUaAy:
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1=2F0y . (4.23)

Jlana ¢opmyna 1eMOHCTpYE, 1110 IIPU CTBOPEHHI 3aBic 13 (ik-
COBAHOIO TYCTHHOIO BOAM P MaKCUMaJbHUM 3aXUCHUM edekT Oyne
criocTepiratucs y pasi MiHiMaiabHOTO (y paMkax HepiBHOCTI (4.13))

po3Mmipy Kpamenb. Tak, 3a XapakTEpHOTO po3MIpy Kparil I, = 10
M i TYCTHHH PO31IOpOmIeHoi Bomu P ~ 10 Kr-M ° JIOBXKHHA 3aracaHHs

HE 3QJIEXKUTh BiJl JOBXKUHU XBUIJII BUNIPOMiHIOBaHHS i jopiBHIoe | ~
7-10° m.

3Harouu JIOBXKMHY 3aracaHHs, MOJKHa, 00epHYBIITH (OpMYITY
(4.15), po3paxyBaTu TOBIIMHY 3aBiCH, IO OCIA0Js€ TPOMEHUCTHIA

noTik y Oyab-sxe 3amane yncno pasis K (K = Iy/I):

§=1InkK . (4.24)

OniHMMO BUTpaTy BOJHM, SIKy HEOOXIZHO 3a0e3NneuuTd Jis
MIATPUMKH €KpaHa 3afaHuxX po3MmipiB (puc. 4.1). Maca Boau B Ta-
KOMY €KpaHi BUPaXaeThCs (POPMYJIIOH0:

M = §-b-H-p. (4.25)

OCHOBOIO MTOAJIBIIIOTO PO3PAXYHKY € BUMOTa OalaHCy KUTBKOC-
Ti BOJIM, SIKa YXOJIUTb 3 €KpaHa 1 HaIXOJUTh J0 HHOT'O 3a MEBHUM Yac.
Jls HanMcaHHST TaKOi YMOBH HEOOX1THO 3HATH XapaKTepHHUM dac Iie-
peOyBanHs Kpamwti B ekpai. CriBBimHomeHHs (4.14) no3Boisie
3'ICOBYBAaTH If0 BEIMYMHY, BUPINIYIOUM JTUHAMIUHY 33/1a4y TPO PyX
OJIMHOYHOI Kparuti yepe3 o61acTb ekpana. [lpu mpomy OyzneMo HexTy-
BaTH 3MIHOIO PO3MIPIB Kparuli, BUKJIMKAHOK BUITAPOBYBAHHSIM.

UYepe3 Te 110 OCHOBHUM PYXOM, SKHHA MPUBOAUTH 10 BHUOY-
BaHHS BOJM 3 €KpaHa, € OCiIaHHs, MUTAHHS 3BOJUTHCS JI0 MAIiHHS
OJIMHOYHOI cdepu y B'3KoMy (TOBITpSIHOMY) cepenoBuili. Biamo-
BiJIHE PIBHSHHS Ma€ BUJI;
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mq(;—iv=f(w)+mq g, (4.26)

ne W — KOMIIOHEHTa IIBHAKOCTI YaCTKH B HANpsSMKy BEKTOpa
HPUCKOPEHHS BUIBHOTO MaliHHS g}

f(w) — cuna ranemyBanns, mo aie 3 60Ky HEPYXOMOTO cepe-
JIOBUINA HA CPEepUUHY YACTKY:

f(W)=—6TUopTcW., (4.27)

ze Wios — KoedimienT puHamivuHOI B's3kocTi moBiTpst (mpu 20°C
- -1 -
Kog = 1,8:107 kr-m ¢ ™).
SIKIIO B SIKOCTI TOYATKOBOT YMOBH B3SITH HEPYXOMICTh YaCTKH
B 3aBici (o Bignosigae W(T) = 0 npu T = (), T0 pimeHHs PiBHAH-
Hs (4.26) mae BUT:

w(T) = Wy - 1-exp| - Ti , (4.28)
y

Ae Wy — WBHJKICTH CTAJIOrO PyXY;

Ty — XapaKTEPHHI1 4aC yCTAHOBJICHHS CTAlllOHAPHOTO PEXKUMY
PYXY, SIKUH 3 ypaxyBaHHsM CIiBBITHOIICHHS (4.22) TOPIBHIOE:

_ mq _E pO

= Ma  _ r2=12-10"rkc (429
6Thnos e 9 Mo

Ty

Yac yCTaHOBJICHHS CTalliOHAPHOTO PEXUMY PYXY ICTOTHO 3a-

NeXUTH Bi posmipy uactok. Tak, 3riguo (4.29), mpn Fe~ 10" m
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Ty = 0,12 ¢, Toxi sk npu I ~ 10 M Bin cranosuts B 100 pasis 6i-
JBIIY BEIMYHHY Ty = 12 C.
HIBuaKICT CTANoro pyxy Wy TICHO IOB'SI3aHa 3 XapakTepPHUM

qacoM Tyl
Wy =gty = 1,2.10° 1, mc ™, (4.30)

4 -1 -
Sximo Y ~ 107 M, To Wy = 1,2 M-c . V pasi 3MiHH Ha HOpsI-
JIOK PO3MIpy KparuIMHU MIBHAKICTH i CTAJIOTO PYXy 3MIHIOETHCS Ha
JIBA TIOPSIKH.
Bincrans, 1o npoiine kpamis 3a 4yac T, BUPaXKaeTbCs 3aJIexK-
HICTIO:

T
z(7) = [w(t')dt'=wy -T—Ty -| 1—exp ~ L @
0 Ty

3Buuaiino Bucora ekpana H ne nepepuinye nekinbkox mer-
piB, OTXKe, B 3aJIKHOCTI BiJl pajiyca Kpamenb 1 3 ypaxyBaHHAM
(4.28) 1 (4.31), MmoxHa BUAUTUTHU JBa TPAHUYHUX BapiaHTH MPOXO/I-
KCHHS KparuIsiMu 00J1acTi 3aBicu:

1) pyx i3 nocTiiiHoto cTanoro MBHAKICTIO W(T) = Wy ;

2) BiIbHE MAJiHHA 3 JIHIHHUM 3pPOCTaHHSM IIBHIKOCTI
w(t) =g-T.

Jlyist BU3HAYEHHS TOTO, SIKMM BapiaHT peali3yeTbcs, HEOOXi-
HO TIOPIBHATH XapaKTepHHUH 4ac YCTAHOBJICHHS CTAlliOHApPHOTO pe-

KHUMY PyXY Ty i3 4aCOM IEPETHHAHHS €KPaHa y BUILHOMY Ma/iHHI,
SIKH, Y CBOIO Yepry, BU3HAYAETHCS SIK:

JH ¢ (4.32)

189



Ilepiunii BapiaHT peai3yeTsest 3a YMOBU Ty << Tyjy, APYrHil —
pu Ty = Tgiy. Buxopucroyroun dopmym (4.29), (4.32), ocranmio
YMOBY MOKHA 3aIlMCaTH Yepe3 pajilyc Kparelb: IepIInid BapiaHT pea-
J3Y€ETHCS 32 YMOBHU Iy << Fyp, APYTUH — TP Ky 2> Fyp, A€ I'gp —
KPUTHYHUH pajiiyc KparuTi, SIKMiA MOYKHA BH3HAUUTH SIK:

3 0,5 H 0,25
~ 2 | HBues | 2 219,107 BB \433)

I, =
P 50,25 P, g

Jlis expana Bucotoro H = 2,5 M Tgjy = 0,7 ¢, a KpurH4HuiA

paziyc Kparuii CTaHOBUTb I'gp = 2,4- 107 m.
Butpara Boiu, HeoOxiaHa AJs MIATPUMKH 3aBiCH, ICTOTHO 3a-
JISKUTH BiJl BapiaHTa pyXy Kpamneib. Y MepuioMy BUMAAKY BiTHOCHO

MaJux Kpamnensb (I << Igp) Yac OCIJaHHs OLIHIOETHCS (POPMYIIOLO:

T=—0 (4.34)

[Tpu nboMy BHUTpaTa BoJU, HEOOX1AHA JJIA MIATPUMKH OTHOTO
MeTpa (PpOHTY 3aBicH, HE 3AJICKUTH BiJl BUCOTH 3aBICH 1, BIAMOBITHO
1o ¢opmyi (4.23)-(4.25), (4.29), (4.30), nopiBHIOE:

M
GhL=—"=0pwy, =1'InK-p-g-t, =
b b P y p-g y
2
_ 4 k. 8Po oy . (435)
27 Hnos

~8,1-10'0 an-r{Z’, kr-M -c”
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G, ~8,1-10"InK-r], xrv'c’.

K

Jlns wacTok pagiycom 10 M npu ocnabienHi TeIoBOro moTo-
Ky B € pasu (K =2,7) hopmymna (4.35) mac G = 8,210 kr-m ¢ .

Y Jpyromy BMNAJIKy Bi[HOCHO BENMKUX Kpamenb (Ig = Fip)
4yac OCilaHHs T MPAKTHYHO 30Ira€ThCs 3 4acOM BUILHOTO TAIiHHSI

Tgia (4.32). BinnmoBigHa muToMa BUTpaTa, SIK BUIUIUBAE 3 (HOPMYI
(4.23) — (4.25), (4.32), ma€ BeTUUUHY:

M H
G =—=6 ———=]1-InK:p-
b= P T on P

gH

5 -

V2

=?an- PoygH 1, ~1,5-10°InK-VH- r., kemcl (4.36)

Jlotst wactok pamiycoM 10~ M mpu ocinaGreHHi TEmIOBOro mo-
TOKY B € pas3u 1 ekpana sucororo H = 2.5 M popmyna (4.36) nae
Gp=23krm ¢

®opmynu (4.35), (4.36) € 6az30BUMU IpU PO3paxyHKaxX Kpar-
JMHHUX €KpaHiB. BiAmoBigHO 10 HUX €(EeKTUBHICTh BUKOPUCTAHHS
BOJIM B 3aBicax 3pOCTa€ 31 3MEHILEHHSIM PO3MipiB Kpanenb. OCHOB-
HUMH TIPUYUHAMH [BOTO € TPSMO MPONOPIIiifHA 3aJeKHICTh JOB-
xunu 3aracanss | Bix paniycis kpanens (quB. (4.23)) i 3BopoTHA
3aJIeKHICTh Yacy OCIZaHHs Kpanelb BiJ iXHiX paaiyciB. Egexr oco-

O/MBO MOMITHUI y BUNAJAKY NOCHTh Malux Kpameib (Ig<<Iyp),
PEXUM PYXY SIKUX MEPEXOIUTh BiJl BUIBHOTO MaJiHHA A0 PIBHOMIp-
HOTO OcCimaHHsA. TakuM YMHOM, BIATIOBIHO 0 OTPUMAHUX PE3YIb-
TaTiB, OCHOBHOIO 33J]au€l0 € MAaKCUMaJIbHO MO>KJIMBE PO3IOPOIICH-
Hs Boau. Ha »kanb, 3MEHIIIEHHs PO3MIpiB Kamesb 30UIbIIye TPY-
HOIII IXHBOT JOCTABKHU B MicClle TOCTAaHOBKU eKpaHa. LIs BmacTuBicTh
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€ HaciuiAKoM crabumsauii pyxy kpamenb 3a 4ac Ty (4.29). Bona
NPUBOJIUTE 10 HEOOXITHOCTI CTaBUTH IMPHUCTPOI, MIO PO3MOPOIIY-
I0Th, 10013y 00JacTi 3aBiCH.

1.3 BukopucTranHsi NOJIiAMCIIEPCHUX BOASIHUX 3aBic /4
3HMKEeHHSI TeMIIepaTypH HArpiTux rasis

[ToniaucnepcHi BOJSHI 3aBICM MOYTh BHUKOPUCTOBYBAaTHUCS
JUI €KpaHyBaHHS KOHBEKIIHHOTO TEIJIOBOTO IMOTOKY, SIKHW YTBO-
PIOETBCS 32 PAXYHOK PyXy HarpiTUX MOBITPSHUX Mac Mija 4Yac Io-
KEXK1 B OTOPOJKCHHI. 3HIKEHHS TeMIepaTypH HarpiTux rasiB Bij-
OyBaeTbCs 3a PaxyHOK Iepefadl Temja PyXOMOMY KparelbHOMY
MOTOKY BOJISIHOI 3aBiCH, 1110 Ma€ HIKYIY TEMIIepaTypy.

[loTik HarpiTuX rasiB npu MPOXOPKEHHI uepes map BOJSHOI 3a-

BicH oxonomkyerbes Bin T o 1O T, | > TIPH TbOMY Kparui BOJIH
HarpiBaioThes Big T g 0 10 Ty L Kinbkictp Termia, mo 3abupae Boja

BiJl pO3)KapEeHUX TaziB, 1 KIIBKICTh BOJIH, 110 BUIIAPYBAJIACS, OIUCY€ETHCS
CHUCTEMOIO JT(DEPEHITIATTFHIX PIBHSHB:

GyeppdTy = a’(TK - T )dV —HpyndGeyn
GreprdT; = _a(Tr - T )dV (4.37)

P
B(Pruc _Pnr)jV = 2’6GBI/IHdP —

3ar _Pnr

ne Gy — BuTpara BOIM, Kr-C
. . 1
G, — BuUTparTa CyxXmX HarpiTux rasis, Kr-c ;
G gyn — KiTBKICTB BOJIH, IO BHIIAPYBAIACS, KI-C

Cpe 1 Cpr — TEIIOEMHICTE BOAM 1 TrasiB BIAIOBIIHO,
kJLxkr K

T, i T — remneparypa rasis i Boau Bianosiguo, K;
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0L — Koe(illieHT TerIoBiAIayi, kBr-m K
B — xoediuient macosinnaui, kr-lla ' m ¢
V — o6'em 3aBicu, M’;

-1
Hyyn — teriora napoyrBopens, kJ[x-kr ;

Py i Pyr — mapuiansauit THCK TIapy BOJIM Yy TIOBEPXHI Kparuti
1 B ra30BOMY TOTOIII BiAMOBiAHO, [1a;

P ;. — 3aranenmit armocdepumii Tuck, IMa.

[lepme piBHAHHS BimoOpaxae OanaHC TeIuia eJIeMEHTapHOTO
00'eMy BOJM Ha eJIeMEHTapHIN AUIBHUII HUIIXY 3 YpaxXyBaHHIM Te-
UTa, IO ¥i/ie Ha BUIAPOBYBaHHSI, APYre — €JIEMEHTApHOTro 00'eMy
rasy Ha eJeMEeHTapHId IIIbHUII LUIAXY 1 TPETE — OMMCY€E HPOLEC
MacoIepeHOCy BHACIIIOK BUIIAPOBYBAHHSI BOJIH.

Bupimrytouu 1110 cuctemy piBHSIHB, OTPUMAEMO:

TR = clhleYIY +C2h2€y2y +C3 ™
T, =cre¥’ +cye¥2? +¢5

P =Py +¢, HL(h1 —A)¥1Y 4 > (4.38)

BUII

+c, —Hy2 (h2 —A)eyzy
BHII
_/

e Y1, Y2 — KOpIHHS XapaKT€PUCTUYHOTO PIBHSHHS;
hy =1+ yy/A;

hy =1+ yy/A;
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B
=V
! G

B
_o Gy
BcprGr
A:lg;
AP

€13 €25 €3 — MOCTIlHI IHTETPyBaHHS, IO JOPIBHIOIOTh:

b

_ AZ(TKO _TFO)(A_hZ)_AHBHH(PHK _Po)

¢ \
y1(y1-y2)
2
A (TKO _TFO)(A_hl)_AHBHH(PHK _Po)
¢y = > (4.39)
y2(¥y2—¥1)
c3 =Tr—cc; /
ne P, - mapuianeHuit THCK mapu B ra30BOMy MOTOKY 32 TEMITE-
parypu Tr.
KoeimieHT TemnoBianadi BU3HAYAIOTH 32 POPMYIIOL0:
Q (4.40)

o=—,
VAt

e Q= Grcp r (Tr o — Ir 1) — KUIBKICTB TeIla, 110 BiIIacThb-

Csl ra3aMu 3a OJIMHULIO Yacy, KBT;
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(TFO_TKI)_(TI‘I_TKO) .
At = — TeMIIepaTypHuil Ha-

Tro _TKI
In—— ——
Trl _TKO

mip, K.

OTprMaHi 3aKOHOMIPHOCTI JJal0Th MOXJIMBICTh BU3HAYATH Mapa-
METpH BOJISTHHX 3aBiC 1 BHOMpATH PaIliOHAJIbHI YMOBH 1X 3aCTOCYBaHHS
IIPU NPOEKTYBAaHHI CUCTEM IOKEKHOT'0 3aXHCTY.

Jnst po3paxyHKy T'YCTHHH 3pOIIYBaHHS BOJISTHUX 3aBiC ITPH 3aXH-
CTi OTBOpIB y MPOTHIOXKEKHUX IEPElIKOJaX CIPUHKIEPHO-
JIPCHYCPHUMH YCTAHOBKAMH B POOOTI [75] 3ampornoHoBaHa eMIipudHa

dopmyna:

0,48
T,

T, \wd

ne Ty, Ty — remneparypu nosiTps BiamosigHo 10 i micis 3aBicu;

% — T'YCTHHA 3pOILIlyBaHH, MM <l

W — IIBHJIKICTb PYIIEHHS HAPITHX ra3iB, M-C '

d — niamerp xpanens (cepenniii) BoAsHOI 3aBicu, MM.

V pasi T;{ =580 K, T =300 K ta d = 0,25 mm HeoOXxinHa
I'yCTHHA 3pOLIIYBaHHs CTaHOBUTH ) = 0,3 aMm e
Po3nin 2. BukopucranHs BoAu I 3aXUCTy OyaiBeJIbHUX
KOHCTPYKUIi

Bono3pouryBaHHSI KpalIMHHAMH CTPYMEHSIMH 3aCTOCOBYIOTh
JUTsL 3aXUCTy HaHOUTbII CIa0KHUX Yy MOXKEKHOMY BIJJHOLIEHHI HECYUYHX
OymiBeNbHMX  KOHCTPYKIIH,  HampuKiam,  MeTaieBux  Qepm,
MIEPEKPHUTTIB, KOJIOH TOLIO, MOKEKOHEOE3MeYHUX TEXHOJIOITYHUX YC-
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TaHOBOK 1 anapariB (pe3epByapiB 13 HAPTOMPOLYKTAMH 1 3p1IKEHUMH
TOPIOYMMH Ta3aMH, pPEeKTU(IKAMIMHUX KOJIOH, PEeaKTopiB, MOJIi-
MepizaTopiB, TpaHchopMmaropis Tomo). Lle no3Bosnse 36epertu ix mo-
KEKHY Oe3MeKy B yMOBaxX MOXKEXKi.

Edext Bo103poLyBaHH 3a1€XKUTh BiJl BUTPATH BOAM, IKOCTI ii
PO3MWIIEHHS i YMOB TEIUIOOOMIHY MiX MOTOKOM PO3MMJICHOI BOJIM i
3pOIIYBaHOK HUM IMOBEpXHEI0. ToMy IpU po3paxyHKy BUTpPAaTH BOIU
JUTSL 3pOIIYBaHHS MOTPIOHO BPAaxOBYBaTW YHHHHKH, IIO OOYMOBIIO-
I0Th TIPOLIEC PO3BUTKY IMOXKEX1 (HAIIPHUKIAJ, PEKUM 3MIHU TeMIle-
paTypu cepelioBHIIa, JIe 3HAXOIUTHCS 00'€KT), KOHCTPYKTUBHI OCO-
OnMMBOCTI 00’€KTa, IO 3aXUINACTHCS, BUMOIH ITOXKEKHOI OE3MeKH
(morycTiMa Temreparypa MoBEpXHi, TPUBAIICTh HArpiBy TOIIO), Ta-
pamMeTpy CHUCTEMH BOJO3POIITYBaHHS (AUCIIEPCHICTH BOMSIHUX Kpa-
TeJTh, YMOBH TEIUIOOOMIHY Mi’K TIOTOKOM PO3IMJICHOI BOJH 1 3pOIITyBa-
HOIO HAM HarpiToro IMOBEPXHEIO).

OCHOBHMM TapaMeTpoM, 1110 BU3HAYAE KOHCTPYKLIIO CUCTEMHU
BOJIO3POIITYBaHHS, € IHTEHCHBHICTh TOJa4l BOJW JJIsl TOTJIMHAHHS
TeIja, O CHpPUHMAEThCs OYyiBEIbHOI KOHCTPYKII€I, YCTaTKYy-
BaHHSAM a00 amapaToM Mij Yac MoXKexi. Bu3HaueHHs IHTEHCUBHOCTI
BOJITHOTO 3POIIEHHS MOB'S13aHe 3 PIIICHHAM CKJIQJHOI 3a/1a4i TeIUIo-
1 MacomepeHoCy Ta HECTAIIOHAPHOI TETUIONMPOBIAHOCTI KOHCTPYKIIIHA
y pa3i 30BHILIHBOI HEJNIHIMHOI Terutonepenayi. Pimenns takoi 3ana-
4l B aHAJIITUYHOMY BHTJISAII MIPEACTABIISIE BEIMKI TPyaHOIII. Tomy
PIBHSIHHS, 1110 ONMCYIOTh MPOLIECH MOTJIMHAHHS TETIa KPAIUTMHHUMHU
BOJISIHUMHU CTPYMEHSIMHU, HaBOJATHCSI B 3arajibHOMY BH/II, 3 METOIO
BUSIBJICHHSI OCHOBHUX YMHHUKIB, IO XapaKTePH3yIOTh €(EKTUBHICTH
BOJI03POLIYBaHHS, 1 BUOOPY OCHOBHUX MapaMeTpiB AJIsl OLIIHKH 1HTe-
HCHBHOCTI BOJSTHOTO 3POILICHHS.

YMOBH TemI000MiHY OTOKY PO3MWJICHOT PIIUHHU U TIOBEpXHI
OyIiBeIbHOI KOHCTPYKIIii, IO MiAJAETHCS HATPIBY IMiJT 9aC TOKEKI,
MaroTh psj crienudiaHuX oco0auBocTel. [Ipy BUHMKHEHH] TIOKEXK1
OCHOBHHMMH JKEPEIaMU TEIJIOBOTO BIUIMBY Ha HE3aXHWIIEHI KOHC-
TPYKIII € KOHBEKLIHHI MOTOKH BHUCOKOTEMIIEPATYPHUX MPOAYKTIB
TOPiHHA 1 MPOMEHUCTI MOTOKHU BiJ (pakena moiayM's i po3KapeHHX
ra3iB. OCHOBHI SIKICHI OCOOJHMBOCTI CTPYMHHHOT'O OXOJIOJKECHHS
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PO3IJISTHEMO CTOCOBHO J0 CHUCTEMH, IO CKIIAJAETHCS 3 BEPTUKAIb-
HOT TIOBEPXHI TEIUIO0OOMIHY 3 BHCOKOIO TEMIIEPATYpPOIO, Mapaieiib-
HOi 1l MOBEpXHI 3 COIUIaMM, IO NOJAIOTh PO3NMIIEHY PIIUHY, 1
MPOCTOPY MK HUMH, 3alIOBHEHOTO Mapora3oBOI0 CYMIIIIIIO, KPi3b
SKY y HampsiMi 10 IOBEPXHI TEIJIO0OMIHY PyXa€eTbcs MOdiAUCIIEpC-
HUU TIOTIK Kpamnens (puc. 4.2).

T/r AV T (x)
WX

- - -

””

”~
rs
v
Fd

/! D —

F €

0

Puc. 4.2 — Cxema 0X0JI0/PKEHHS MIOBEPXHI CTPYMEHIMHU
pO3MuUIIEHOT piIUHA (TTOSICHEHHS B TEKCTI)

Bynemo BBaxkatu, 1mo mpoctopoBi noist temneparypu Tr(X) i
mBUAKOCTI W (X) Ta30BOrO CepeioBHINA, a TAaKOX MPOMEHUCTHX
HOTOKIB (upow B CHCTEMI, L0 PO3TIIANAETLCA, 3aiaHi. Temneparypa

MOBEpXHi Oy/iBeNIbHOI KOHCTPYKIIIT Thop TAKOXK BiJOMa BEIMYMHA.
Tuck y cucremi P onHopiguuii, mocTiiiHuil 1 gopiBHIOE aTMochep-
HoMmy. [IpumycTrMO, IO TOTIK PO3MUICHOT PiAMHU, SIKHH MOTAETHCS
Ha MOBEPXHIO, € OCECUMETPUYHUM 1 XapaKTEePU3y€EThCS IEIKOI0 Ma-

COBOIO BUTPATOIO PIIMHU Zyy, TYCTHHOIO KPAIUTMHHOTO MOTOKY j, a
TaKOX QYHKIIIMHA PO3MOJUTY Kparmeiab 3a miamMerpamu d(r) i
mBHAKOCTAMU W(r). Ha OCHOBI 3arabHONPUIHATHX Yy TEOpii Ter-
J000MiHY AOMYIIEHbh BCTAHOBHMO, IO TEMIO(I3WYHI BIACTUBOCTI
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CTIHKH, PIJMHU H Tra3zy y pasi HOCTIHOTO THUCKY € (DYHKLISMHU Ti1b-
KU TEeMIIEpaTypH.

V 3arajbHOMY BUIIQJIKy CHCTeMa “‘pO3MMJIeHA piJIuHA — ra3 —
MOBEPXHs” MOXE MAaTh JOBUIbHY KOH(irypariro i (pyHKIii po3mo-
JiTy mapaMeTpiB, oAHAK OyaeMo BBa)aTH, M0 00'€M CHCTEMU 3Ha-
YHO OuThIIMiA, HIX 00'€éM MOTOKY pO3MHJICHOI BOAM W TapH, sKa
YTBOPIOETHCS B MPOIIEC BUMAPOBYBAHHS PIAMHU i Yac pyXy Kpa-
MeNb Y BUCOKOTEMITEPATYPHOMY Ta30BOMY CEPEJOBHIIII 1 TIPU B3ae€-
MO/Iii 3 HarpiTOIO CTIHKOIO.

[Tapa, mo momagae 3a MeXi PO3MUIEHOTO CTPYMEHS, €BaKyIO-
€ThCS KOHBEKI[IMHUMHU TIOTOKaMH MPOIYKTIB TOPIHHSA, a B HEPYXO-
MOMY Ta30BOMY CEpEIOBUII — AUPYHIYE B 1€ CEPEIOBUIIIE, ICTOT-
HO HE BIUIMBAIOYM HA BIACTHBOCTI ra3zy. OCTaHHE MPHITYIICHHS J0-
3BOJISIE HEXTYBAaTH KOHJCHCAIIEIO TTApU Ha TIOBEPXHI Kpaneib BOJH,
110 HE JOCSTIH TeMIepaTypy HACHUEHHS, OCKIJIBKH Iapa, o yTBO-
PIOETBCS B 00'€Mi PO3MUIIEHOTO CTPYMEHSI, TPAHCIOPTYETHCS B CY-
NYTHHOMY TIOTOKY aX IO KOHTAaKkTy 3i CTIHKOIO. TakuM YHHOM,
“CBIKI” KpaIuli piIMHU MONAJAa0Th BCSIKUI pa3 y cyXe ra3oBe cepe-
JIOBHILIE, 3aXOILTIOI0YH Pa3oM 13 co0010 mapoBy 000JIOHKY, sika (o-
PMYETBCSI HABKOJIO Kparmelb Py BUNApoByBaHHI. Toi mpoiec 0xo-
JIO/KEHHS TTOBEPXHI PO3MIJICHUMH CTPYMEHSIMU BOJU MOKHA YMO-
BHO PO3JIUIMTH HA TPHU CTAJIl:

* BUITAPOBYBAHHsI Kpamelb y MPOIeci pyIlIeHHs Yyepe3 mapora-
30BY CyMIIII;

* B3a€EMOJIiSl Kparenb 13 MOBEPXHEIO HarpiBy;

* eBaKyallis piIMHY 3 TOBEPXHI, 10 OXOJIOIKYETHCS.

MeToa0710Tis TOCTIKEHHS IPOIIECY OXOJIODKYBaHHS MOBEP-
XOHB, SIK MIPABHUJIO, BKIIIOYAE J[BA €TAIN: BUBUEHHS TEIJIO- Ta Maco-
OOMIHYy OKpEMO B3SITOI Kparuii 1 MOMiIUCIEPCHOT CYKYyITHOCTI Kpa-
Telb, TOOTO MOTOKY PO3MHIICHOT PiHHH.

Po3rnsiHeMO po3IMKHEHY CHUCTEMY, IO CKJIAJA€ThCs 3 BEPTH-

KaJbHOI MOBEPXHI TEIJIOOOMIHY 3 BHCOKOIO Temmneparyporo Tpep,
reHepaTopa Kpameib i3 I04aTKOBOIO Temmeparypooo T . , T

HEPYXOMOTO T'a30BOr0 CEpPEAOBHUIIA 3 TEMIIEPATYpPOI0 HE HIDKYE 3a
Ts(P) i Tuckom P (puc. 4.3).
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[ToTik BOASIHMX Kpameib, HAIpaBICHUX 13 3pollyBada Ha
KOHCTPYKIIiIO, IO 3aXUIIAETHCS, MPOXOISUM Yepe3 Iap ra3oBOro
cepeioBuINa, HarpiBaeTbea. HarpiB kpamii 0oOyMOBIIOETbCS TEILIO-
BiJIZIaUCI0 KOHBEKINE€I0 U BUIPOMIHIOBAHHSM, JKEPEIIOM SIKOTO
CJIy>)KUTh Harpita HOBEpPXHs, a TAKOXK BUCOKOTEMIIepaTypHi IPOAYK-
TH TOPIHHS, SKi OJTHOYACHO 1 BUIPOMIHIOIOTB, 1 TOTJIMHAIOTH.

TK‘

Tl‘IDB T

I(P) —

Txg

Puc. 4.3 Posnoain Temnepatyp pikoi ¢azu B mporeci
OXOJIO/KCHHS] BHCOKOTEMIIEPATYPHOI HOBEPXHI KPAIUISIMHU PiANHU
(edpext KoHmeHCaII BUKITIOYCHNN )

1 —npiOH1 Kparii; 2 — KpyIHi Kparui

3 HaOMMKEHHSIM JI0 HATrPiTOl MOBEPXHI KOHBEKIIMHUN TMOTIK 1
HOTIK BUINPOMIHIOBAHHS Ha KPAIUIIO 3pOCTaioTh. OUYeBUIHO, 10 Ha-
IpiB IpiOHHUX Kpareib BiJOYBa€ThCS 3 OUIBIIOI IIBUIKICTIO, HiX
BeNMKMX. KpyTH3Ha TeMmepaTypHHUX KPUBHX JUId APIOHUX Kpareib
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00yMOBJIEHA HE TUIbKM BHCOKOIO LIBHJKICTIO TEIIOBOI perakcarii,
aJsie 1 HU3bKOK MIBHJKICTIO PYIICHHS, BHACTIIOK MTPUCKOPEHOTO Ta-
JIbMYBaHHSI, B IOPIBHSAHHI 3 KPYITHUMM KpAIUIIMU, JUISl IKUX 00U/1Ba
YHHHUKY JIOTh Y 3BOPOTHOMY HAPSIMKY .

Oxpemi Kparuti BOJIM HEBEJIMKOTO JiaMeTpa, BHACIIIOK IIBHU/I-
KOTO iX BHIIApPOBYBAaHHS, HE BCTUTAIOTH JOJIETITH JI0 3POIIYBaHOI
MOBEpXHi; 1HII (ORI BEJTHKI) — MOIMAIal0Th HA MIOBEPXHIO 3POIITY-
BaHHs HArPITUMU J0 NEBHOI TeMIepaTypu. Takum 4uHOM, Ha TIOBE-
PXHIO 3pOIIyBaHHS IIONAfa€e JIMIIE YaCTHHA BOJAM, KA 3a 4ac py-
HIeHHS B 00 eMi mosrym ‘st Oyzie HarpiTa 0 MeBHOT TeMIIEpaTypH.

SIKicHy KapTHHY IPOIIECY OXOJIOJDKEHHS JOITBHO PO3TIISTHY-
TH JUIsI OKPEMOT Kparuti, He CIIOTBOPIOIOYH TPHU IOMY (i3HUIHOT Cy-
T1 MaKpOCKOIIYHOT B3a€MOJIii MOTOKY Kpareib 13 TOBEPXHIMHU, 110
OXOJIOJKYIOThCSl. OCHOBHUMH €JIEMEHTAPHUMH aKTaMHU € PYLICHHS
Ta TEMJIOMAcOOOMIH OKPEMO B3STOI Kparuii.

TeopeTuuHi OCHOBH MEPILIOTO €TaIy BUIIAPOBYBAHHS Kparuii B
MPOLIEC] PYILICHHS Yepe3 po3KapeHi MPOIYKTH TOPIHHSA PO3TISHYTI
B r1aBi 2, po3aini 2.1. Sk yxxe Oysio cka3aHO, BUIIapOBYBaHHS Kpa-
IUTi B TIPOLIEC] PYIICHHS HACTYTa€ B TOW MOMEHT, KOJIU TEMIIEpaTy-
pa 11 MOBEepXHi 3pOCTa€ HACTUIBKY, IO TUCK HACHYCHOI MapH MmooOJIu-
3y MOBEPXHI Kparuii cTae OiIbIle TUCKY MapH B MaporazoBiid cywi-
mri. ['pajiieHT TUCKY Tapu 3yMOBIIIOE BiJIIOBITHHIA TIOTIK BUIIAPOBY-
BaHHS.

MoxHa BUAUTUTH JBa MEXaHI3MH, SIKi JIMITYIOTh TPOLIEC BU-
napoByBaHHs. Ha moyatkoBiii cTafii pynieHHs Kparl y BUCOKOTEM-
nepaTypHOMY CyXOMY Ta30BOMY CEPEIOBHILI MPOLEC BUIIAPOBYBAH-
HS JIIMITY€EThCS AU(y31€10 MOJIEKYJ MTapy BiJl HOBEPXHI Kparuii cepext
MOJIEKYJI Ta3y. Y Mipy HaCHUEHHs Ta30BOi (ha3u Mmaporo, a TAKOXK TO-
CTYNOBOTI'O ii OXOJOAKYBaHHSI, MIPOLIECOM, IO JIIMITY€E, CTa€ TEIJIO-
BiJIada Bij MaporazoBoi cyMili 10 Kparuti. TersioBuii OanaHc Kpar-
JI1 P PYLIEHHI 10 TIOBEPXHI, 10 OXOJOIKYEThCS, XapaKTEPU3Y€Th-
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csl ABOCTaAINHICTIO. SIKIO cepefHs TeMIeparypa Kparuli HHKYe 3a

temneparypy HacudeHHs1 Tg(P), To TermnoBuii NOTIK, 110 MiIBOAUTHCS
330BHI JI0 TOBEPXHI Kparuti, pO3AUISEThCS HA JBI YaCTHHU: OJHA 3
HUX BIJIBOAUTBCS B CEPEAMHY Kparuii, 3a0e3Meuyour MpoIOBKEHHS
nporiecy ii TerIoBol penakcarlii, a YacTHUHA, [0 3ATHIIIIIACS, 3aTpa-
YyeThCsl HAa BUNapoByBaHHs. [liciis 3aKiHUEHHs TEIUIOBOI penakcanii
npu Ty = Tg(P) (mpaBime 3a Touky A Ha puc. 4.3) Bcs TemioTa, 10
MIBOAUTHCS IO Kparuli KOHBEKIIEI0 Ta pamialliiHUM MTOTOKOM, 3a-
TpauyeThCsl TUIBKKA Ha 1 BUIAPOBYBAHHSA, a cama KpaIulsi CIIy>KUTb
JIMIIE JHKEPEIIOM MacH JUTS Tapora30Boi CyMilli.

JletanbHUN PO3INIA] HArpiBy Kparmli BUMAarae pillleHHS He
TIIBKM 30BHINIHBOI, aJie 1 BHYTPIIIHBOI 3314l TerI000MiHy, OCKi-
JbKY 32 TIEBHUX YMOB Kparuid Moke OyTH TEpMIYHO MAacHBHUM Ti-
nom. Tomy HapiBHI 3 OaJaHCOM TEIUIOBHX ITOTOKIB Ha TOBEPXHI
po3nity (a3 HeoOXiTHO BpaxyBaTH 3aKOHOMIPHOCTI IX pO3MOAUTY B
00'emi camoi Kparuri.

Puc. 4.4 — Cxema TemioBoi B3aEMO/I1 Ha OBEPXHi po3aity a3 s
PI3HUX BapiaHTIB MPOTIKAHHS MPOIIECY TEIIIOMAcOOOMIHY Kparuti 3
HABKOJIMIIIHIM CEPEIOBHUILIEM

(] — TeIIoTa, 1O MiABOJUTHCS J0 Kpallli KOHBEKIIE Ta pajiamii-
HUM TIOTOKOM;

(pin — TEIIOTA, IO BIIBOJUTHCS BCEPEMHY KpaIlli Ha HarpiBaHHs
pimuau 1o remnepatypu T(P);
(cr — TEIJI0TA, 110 MiAIBOAUTHCS J10 KpaIuli 4epe3 po3irpiTy CTIHKY;

jm — MMTOMMUI MOTIK TIAapH 3 TIOBEPXHIi Kparui.
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JIns BeNMMKWX Kpamelb, sKi JIOBro 30epiraioTh IMOYaTKOBY
HIBUJIKICTb, MOJKJIMBE IMEpPEBaKaHHS HAJAXO/DKEHHS TEIUIOTH Hal
BiJIBEICHHSAM ii B CepeAMHy, IO NPU3BOAWTH O ITiIBUIICHHS
TeMIepaTypu MOBEpXHI M 1HTeHcUiKalii BUIApOBYBaHHS. Y TOH
JKe YJac sIIpo Kparuti MOKe 3aJIMIIATUCS JIOCHTh XOJIOJHUM, BHACITI-
JIOK 4OTr0 B Kparull iHAYyKY€eThCs TEIUIONPOBiAHICTh. BHacminok He-
CUMETPUYHOTO PO3MOJIIIY TEIJIOBHX ITOTOKIB KOHBEKIIE€I0 W BU-
IPOMIHIOBaHHSAM Ha IMOBEPXHI KpaIuli TeMIIepaTypHe 1oJjie NOBEpXHi
TaKOX HEpIBHOMIpHE, 110 MOK€ CIPUYMHUTH MOSABY KOHBEKLIHHUX
MOTOKIB y Kparuti.

[ToBeninka TUCHIEPCHUX CHUCTEM XapaKTepU3YEThCS HE TUIBKU
TEIJTIOMAaCOOOMIHHMMH, aji€ 1 TIIPOIMHAMIYHUMH e(heKTaMu, 10 YH-
clla SIKMX BIHOCSTBCS KOAryJIsIist i po3maj Kpamneiab piuHu, a Ta-
KOXK ©XKEKIIisl HaBKOJIMIITHBOTO Ta30MO0A1I0HOTO CEpeIOBHINA B PO3-
nwieHuil crpyminb. Koarymnsmiss Mmoxe OyTH BH3HAu€Ha SIK BUIIAJI-
KOBHH TIpOIIeC 31TKHEHHS ¥ 3JUTTS Kpalieib, X04 3MiHa TPaeKTopii
iX MONBOTY Ma€ IMIJIKOM BH3HAYCHUN XapakTep, OOyMOBICHHM €0
CWJI TSDKIHHS, a€pOJIMHAMIYHOTO OIOpPY 1 PEaKTUBHOI CHIIM. Y MOJi-
THMCTIEPCHIA CYKYITHOCTI Kparenb i3 HEepiBHOMIPHMM pPO3IOAITIOM
IBUAKOCTI PYIICHHS W TeMIepaTypHu HarpiBy mo ¢pakiisx BigOy-
BAa€ThCA TAIBMYBaHHA W 3MiHa TEMIIEPATypHOTO CTaHy BEJIHKHX
Kparenb [pH 3IUTTI 3 Jp1OHUMHU.

TakuMm 4YWHOM, KOaryJysilis MPUBOAMTH MO 3MiHH (YHKIIN
PO3MOTY MIBUAKOCTI, TEMIIEPATYpH i AiaMeTpa Kpareib.

IIpu nocsArHeHHi AesKoi KpUTHYHOT MBUAKOCTI Wi PyXy ra-
3y BIJIHOCHO Kpameib PiIMHHU, 110 MOKE CIIOCTepiraTucs y pasi 3y-
CTPIYHOI Teuii piIMHA W TPOIYKTIB TOPIHHS, B1IOYBAETHCS PO3IIAJ
Kparnenb. BeanuuHa KpUTUYHOI MIBUAKOCTI 3BOPOTHO MPOMOpLiKHA
KBaJpaTHOMY KOPEHIO 3 JllaMeTpa Kparuii:

"o,
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KpannuHHuii NOTIK BIJIMBAa€ Ha TiJPOAMHAMIKY ra3oBOro ce-
peNoBHINA, COPUYMHAIOUN WOTO CYNyTHE pyIIEHHS. BUCOKOMIBHI-
KICHUM KOHIYHUH CTPYMiHb, SIKHH BUTIKA€ 13 COIlIa pO3MHUIIIOBAYA,
3aXOIUTIOE HABKOJIMIIHIA Ta3, 1 yTBOPIOE€ IBO(a3HHUN CTPYMiHb.
B mexax po3nmuiieHOro cTpyMeHs HIBHJIKOCTI Ta3y W Kparenb piau-
HU piBHI MiXk c00010. OueBUIHO, MO e(heKT eKEKIil Oyae TOCHITIo-
BaTHCA 13 3pOCTAHHSIM MOYATKOBOI IIBUIKOCTI BUTIKAHHS PO3IUIIE-
HOro cTpyMeHs. ['azonosiOHa (asza Takox Oepe ydacTsb y TEeTioo0-
MiHi 31 3pOILIYyBaHOIO NMOBEPXHEI0, TOMY IHTErpajibHUM epeKT 0xXo-
JIO/KYyBaHHS CKIIAIA€EThCA 3 BOX KOMITOHEHTIB: T'YCTUHH TEILIOBOTO
HOTOKY, 3yMOBJIEHOT'O BIUIMBOM Kpareib PiAWHY, 1 TYCTUHH TEIIOo-
BOT'O TIOTOKY, IO BiIBOAUTHCS BiJl CTIHKM TTApOTa30BOI0 CYMIIIIITIO.

B3aeMopis 3 moBepxHe HarpiBy — roJOBHA CTafis peanizaiii
Ipolecy CTPYMHHHOTO OXOJOKyBaHHA. HaltO11b11 MOBHO po3po0-
JIeHa 3aJlada TeII00OMIiHY cQepoimanbHOi Kparuli, MEepImui Omuc
akoi 0yB 3poonenuii L.I'. Jlefinendpoctom. [Ipu nociimxenHi nose-
TIHKW Kparuli piIuHY, siIKa 3HaXOAMTHCS HA PO3KapeHid MOBEpXHI,
BCTaHOBJICHO, 1110 Yac MMOBHOTO BUIIAPOBYBAHHS M CTaH caMoi Kparl-
i ICTOTHO 3aJIeKaTh BiJl TEMIIEPATypPH i YUCTOTH OOPOOKH ITOBEPX-
Hi, @ TAKOX BiJ] BJIACTUBOCTEH PiAMHU.

VY pasi BITHOCHO HHU3BbKUX TEMIEpaTyp MOBEPXHI, MEHILUX,
HDK TemIepaTypa HacH4eHHsA piauHu 3a 3amgaHoro tucky Tg(P),
Kparuisi piiuHY, MOTPAIUIAIOYN Ha TOPU3OHTAIbHY MOBEPXHIO, PO3-
TIKAETHCSI TOHKUM IIIAPOM 1 yTPUMY€EThCS Ha Hilt. [Ipu nbomy BinOy-
BAETHCA Mepefiaya Terla Yepe3 OCHOBY Kparuli B CEpeMHy PiAuHU
TETJIONPOBITHICTIO 1 KOHBEKIII€I0, @ TAKOX BUIIAPOBYBAHHS 13 30B-
HIIIHBOT ToBepXHi Kparut (ctaH A, puc. 4.5). Kuminas, To0TO
YTBOPEHHS TIApH Y CEpe/IiHI 00’ €My PIJIMHU, MTPH 1IbOMY HE CITOCTE-
piraeTbcs, IHTEHCUBHICTh TEIJIOOOMIHY MOPIBHSHO HEBUCOKA, IO
00yMOBITIOE BITHOCHO TPUBAJIMI Yac BUMAPOBYBAHHS.

3i 30inbmIeHHAM TemnepaTypu NoBepxHi Tpep Olible, HiX

temriepatypa HacuueHHs1 T 3a 3aganoro tucky P (Tg= 100°C npu
tucky P = 101,3 kIla), BuUHUKae NesKUi meperpiB piauHu, TOOTO
HAUIMILIOK 1i TeMIepaTypu Haj TeMIepaTypor HacuueHHs. llei
NeperpiB  3ajJeXuTh Bl (I3MYHUX BIACTMBOCTEW pinuHM, ii
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YHCTOTH, 3araJIbHOTO THCKY, a TAKOX BJIACTUBOCTEH TBEp10i MOBEP-
Hi. Tak, mis Bomu 3a aTMoc(EepHOro THCKY meperpiB B 00’emi

ckianae 0,2-0,4°C. YuM uucTima piivHa, TUM OiJbII BUCOKUM Oy-

JIe TIOYAaTKOBHIA MEeperpiB, HEOOXITHUHN /17 BUHUKHEHHS KUIIHHS.

Temm, ¢
A K,
140
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- t’l'[ﬂB) C

100 200 300 400 500

Puc. 4.5 3anexHicTs 4acy MOBHOTO BHITAPOBYBAHHS Kparuli BOJIU
06’eMoM 4,6-10°° M’ Bizx TeMIepaTypH po3KapeHoi OBEPXHi
A — E — cran kparuii;
K, K, — nepia ta apyra kpu3a KUIiHHS

ITouaTkoBHI TEeperpiB 3HUXKYETbCA B TOMY BHIAJKY, SKIIO
TBEpJla IOBEPXHsI Mae aJIcOpOOBaHMI Ta3, MIKpOIIOPCTKICTh, a Ta-
KOXXK HEOJHOPIAHOCTI M BKJIIOYEHHS, 110 3HWXKYIOTh MOJIEKYJISIpHE
3YeTICHHsI PIJIMHU 3 TIOBEPXHEI0. B OKpeMux Todkax MOBEpXHIi, TaK
3BaHUX LEHTpax MAapOyTBOPEHHs, NMpPH MiABEJEHHI TeIia, Maibke
BiJpa3y Micisi AOCSTHEHHS DPIAWHOI TeMIepaTypH HACHYCHHS,
CHOCTepiFa€TLC$I yTBOpeHHs1 OynbOamok. OTxe, npu NomnajaHH1
Kparuli Ha po3KapeHy MOBEPXHIO, BOHA PO3TIKAETHCS, 1 B Mapax pi-
JMHHU, SIKI KOHTAKTYIOTh 13 IOBEPXHEI0 1 MalOTh OJHAKOBY 3 HEIO
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TEeMIIepaTypy, MOYUHAETHCS Mpoliec KUMiHHA. [Ipu 11bOMy KHUMIHHSA
HOCHTB CIIOKIMHHUN OynbOamikoBuii xapaktep (ctan B puc. 4.5). 3i
30UIBLLICHHAM TEMIIepaTypy MOBEPXHI 30UIbLIYEThCS TEIIOBHM IMO-
TIK JI0 KparwIi i MOCTYTOBO CKOPOUYY€ETHCS yac ii BUMTapOBYBaHHSI.

[TapoBi OynbOamIKM XaOTUYHO BIJIPUBAIOTHCS BiJl MOBEPXHI.
Binpu Oynp0amiok 3HaYHOIO MipOIO 3AJIEKHTh BiJ 34aTHOCTI PiH-
HU JI0 3MOYYBaHHS. SIKIIO piuHA 3MOYY€ MOBEPXHIO HAarpiBaHHS,
TO OynbOaIIKi MalOTh HE3HAYHY IUIONIY KOHTAKTY 3 MOBEPXHEIO i
JIETKO BiJ HET BIIPUBAIOTHCS. SIKIIO XK piAMHA HE 3MOUYY€ OBEPXHIO
HarpiBaHHs, TO IUIOIIA KOHTAKTy OyNnbOalIKU 3 MOBEPXHEIO 30171b-
IIYETHCS 1 BIAPHUB YCKIAIHIOETHCS (puc. 4.6).

Puc. 4.6 — ®opma Oynp0aniky mapu Npu KOHTAKTI 3 IOBEPXHEIO y
BUIIA/IKY 3MOUyBaHHS (a) 1 He3MouyBaHHs (0)

Temo, 1o e BiJ MOBEpXHI HArpiBaHHs, MEPEIAETHCS PiIH-
Hi, e HA BUIIAPIOBaHHS PIAMHM B OynpOamku napu. besmocepen-
HBO X BiJ MOBEPXHI JI0 MapH nepeaada Teria 3A1MCHIOEThCS UIs-
XOM KOHBEKIII i yac pocTy OyipOamok 1m0 BiapuBy. OnHaK, yHa-
CJIITOK HU3bKOI TEIUIOMPOBIIHOCTI MapH Nepeaaya Teria B e rme-
pioa He3HAYHAa.

3a MipoI0 MOJaNbIIOro 30UIBLICHHS TeMIepaTypHu MOBEpPXHIi

HarpiBanHs Tyop 3pPOCTAa€ KiIBKICTH JIFOYMX LEHTPIB MApOYyTBO-
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PEHHSI, POIIeC KUMIHHS CTa€ OUTBII IHTEHCUBHUM, BCTAHOBIIOETHCS
PEXKUM po3eunenozo oyavoauikosozo kuninusa (cran C puc. 4.5).

AxTuBizauis (azoBoro nepexoay COpUIMHSIE Pi3Ke 3pOCTAHHS
T'YCTUHU TEIUIOBOTO TIOTOKY, IO BiJIBOAMTHCS Bij TIOBEPXHi, 1 BifI-
MOBIIHO 3HUKEHHSI Yacy BHUIIAPOBYBAHHA Kparuii. Ajie CKOPOUYCHHS
Jacy BUIAPOBYBAHHS MPHUITHHIETHCS MPU JOCATHCHHI TIEBHOI KpH-
TUYHOI TEMIIEPATYPHU.

VY pasi OUIbII BUCOKMX TEMIIEPATyp iHTEHCUBHICTH IMapOYTBO-
peHHs 301IbIIY€ETHCS, BHACIIJOK YOro Ijoma Oe3nocepeIHboro
KOHTAKTy PIAMHU ¥ PO3’KapeHOi CTIHKHM ICTOTHO 3MEHIIyeThes. Ha-
CTyla€e TaK 3BaHUU pexycum nepexionozo kuninusa (ctan D puc.
4.5).

ExctpeMyMm, SIKUH JIEKUTh MK PEKUMOM OyJIbOANIKOBOTO 1
NEPEexiTHOr0 KHWITIHHS 1 BIANOBIZAa€ MIHIMyMy Ha KpUBIH

Teun — Tuos (TOuKka Kjp), oTpuMaB Ha3By nepuioi kpuzu Kuninua.
Jlyis BOIIM TepIa Kpu3a KHITIHHS CIIOCTEPITaeThCs 32 TEMIIEpaTypu
nopsaky 165 —170°C.

[Tpu mepexiHOMY peXuMi piauHa, MOTPAIUISIOYM Ha PO3iKa-
pEHy IMOBEPXHIO, BXKE HE PO3TIKAETHCS, a 30MpaAETbCs y chHepUuyHy
Kparuio, — HaCTynae Tak 3BaHUM cdepoinanpamii cTad piauau. Ha
MIOBEPXHI HarpiBaHHs YTBOPIOETbCS HECTIiMKa IUIIBKA MapH, 110 Xao-
TUYHO TYJbCYE W pyiHYy€eThCs. [ITIBKOBUI PeKUM XaOTHYHO YepTy-
€TbCS 3 PEKUMOM OyJIbOAIIKOBOIO KHUMIHHA. 3a MIPOIO 3POCTAHHSA

AT na noeepxHi Ternonepenadi yTBOPIOIOTLCSA yce GLIbIN BEIUKi
nopoxHeui (o0nacTi napoBoi MWIiBKK). JlocTyn piluHH 10 MOBEPXHIi
MOCTYTIOBO YCKJIQAHIOETHCS. B OKpeMHX MicISX MOBEpXHI BHHUKA-
I0Th “CyX1” IUIAMH, iXHS KUIBKICTB 1 PO3MIpH 30UIBIIYIOTHCS; TaKi
JUTSTHKA MOB O BUKJTFOYAIOTHCS 3 TEIUIO0OMiHY. Y pa3i MoJaibIio-
ro 30UIbLIEHHS TEeMIIepaTypy CTIHKH MOBHICTIO 3aKIHUY€EThCS (pop-
MyBaHHS CEpOiJaIbHOTO CTaHy Kparuli; MK TOBEPXHEIO i Kparl-
Jer0 B NPOLEC] B3a€EMOJIi YTBOPIOETHCS JTOCUTh CTIMKUN MapoBUN
NPOIIAPOK, MPHUOMY O€3MOCePEeTHHOr0 KOHTAKTY MOXKE i He Bil-
OyBatucs (Kparwist HIOM MapuTh HaJl HOBEPXHELO, Oe3MocepeIHbO He
CTUKAIOYHUCH 13 Hero). [0sSCHIOEThCS 1€ THUM, 1110, BHACTIIOK IHTEH-
CHUBHOT'O BUIApOBYBaHHs, CHJIa THCKY MapH PIIMHHU B 3a30pi MIXK
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KpaIuiero i CTIHKOIO BPIBHOBAXKY€E CHUITy BaXKKOCTI, 110 JIl€ Ha Kparl-
0. DeHOMEH MOBHOTO BiJIPUBY KparlIi BiJl MOBEPXHI OTpUMaB Ha-
3By seuuia Jleitoengppocma, a Temneparypa, 3a siKoi Bi10yBa€eThCs
1Ie SIBUILIE, HA3UBAETHCS memnepamypoio Jleiidoenghpocma i nozHa-

vaeTbes 1.

[TapoBa rutiBKa HaBKOJIO Kparwii pi3KO CKOPOYYE MPHUTOKY Te-
IUIa 10 OCTaHHbOI, BIIOYBAETbCS OCIIA0JIEHHS TEIMI0O0OMIHY i 301-
JBIICHHS] Yacy BHIIAPOBYBAHHS. 3POCTAaHHS 4acy BHIIAPOBYBAHHS

KpaIul IpOJOBKY€ThCA 10 AOCATHEHHS Temmeparypu 1. Makcu-
myM Ha KpuBiit Tgyy = f(Theg), o noBogutses na Ty, npuitnaro

Ha3UBaTu Opyzoio Kpusoio kuninua (touka Ky puc. 4.5). Temnepa-
Typa JlelineHdpocTa 3aexuTh Bi BULY PIAUHU M MIOPCTKOCTI MO-
BEpXHi: i BOAM Ha TONIPOBaHI HEOUWIICHIH TOBEpXHi

T, = 540K, s rpy6o 06pobienoi nosepxui T = 480K, npuuomy
4ac JKUTTS Kparui y pasi TUIBKOBOTO KUIIHHS Y JPYTOMY BHITaJIKY
BJIBIYl MEHIIIE, HI)K y TEPIIOMY.

VY pasi Temmnepatyp, OuIbIIMX 3a Temmeparypy Jlenaendpoc-
Ta, KUIIHHA MPOXOAUTh Y pexcumi niiekoeozo kuninna (ctan E
puc. 4.5). Tlpu uboMy TETuI0 MiABOAUTHCS 0 Kparuii TEIUIONPOBiI-
HICTIO Yepe3 MapoBUN MPOILIAPOK, BUIIPOMIHIOBAHHSIM 1 KOHBEKIIi-
ero. [loganpine MmiABUIIEHHS TEMIIEPAaTypH TOBEPXHI CYNPOBOIKY-
€TbCS MOCTYIIOBUM 3POCTAaHHSAM TEIUIOBOIO IMOTOKY O Kpari H,
OTXe, IOCTYIIOBIUM CKOPOYEHHSM 4acy BUIIAPOBYBaHHS.

EdexTHBHICTE CTPYMHHHOTO OXOJIOJPKCHHS BU3HAYAETHCS 1H-
TEHCHUBHICTIO TIPOIIECY BUMIAPOBYBAHHS KPAIlIi i 3aJIeKUTh BiJ| BEJU-

YUHMU TIEPErpiBy PiAMHHU IOA0 Temreparypu HacuyeHHs 1. Ilapa-
METpaMH, IO XapaKTepU3yIOTh TEIJIOOOMIH y pa3i CTPyMHUHHOTO
OXOJIOJDKYBAHHSI, € TYCTHHA TEIIOBOTO MOTOKY, 1110 BiIBOJUTHCS BijI
CTIHKH, Ta KOe(IIIEHT TEIUIOBIAAY1, K1 3aJI€KaTh Bl TEMIIEPATyPH

noBepxHi HarpiBaHHs T op 1 BIAIOBIIHOTO TEMIIEPATYPHOTO HATIOPY

AT =Ty - Ts. Koeditient rernosimiaui BusHavaeThes sK:
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Ha puc. 4.7 naBenena tunosa 3anexuicts O i ( Bix ATg s
KUIiHHS Bou 1py THCKy 10° ITa.
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Puc. 4.7 - 3anexHicTb KoedilieHTa TerIoBiaql i T'yCTHHU
TEIJTIOBOTO TIOTOKY BiJI TEMITIEpATypPHOT'O HAMIOPY MPH KUITIHH1
Boau nipu Tucky 10° Ila

V pasi manux 3nauenb ATg B o6macti criokiiinoro Gysb6ari-
KOBOTO KHUIHHA (aiasHKa I) 1HTEHCHBHICTH TEIUIOBIAIAYl HUIKOM
BU3HAYA€THCSI YMOBaMHU 3BUYAaWHOTO KOHBEKIIITHOTO TEIIO0OMiHY
0€3 TOMITHOTO BIUTUBY KHUIIIHHA. JIJIT BOAM TaKWil PEXUM 31HMCHIO-

etbest 32 ymosu 1°C < AT < 5°C, q(ATg=5) =6 Br-m™.

208



3i 36utburennsaM ATg B 06acti po3BrHEHOTO GYILOANIKOBOIO

kuminas (minsnka I s Bomu 5°C < AT < 25°C) 36inburyerses
quciIo Oyap0alIoK mapu, MiACHIIIOEThCS TIEPEMIITYBaHHS PIMHU Ol1s
MOBEPXHI, 1 TOMY 1HTEHCHUBHICTb TETIJIOBIIIa4l Pi3KO 3pocTae. Y ToU-
i Ky iHTeHCUBHICTH TemIoBiAaui 1ocarac MakCumMyMy. BinmosigHi
iif TycTHHA TEIJIOBOTO TOTOKY, KOe(III€HT TETIOBIIIadl 1 TeMrepa-
TYPHUH Hamip Ha3UBAIOTHCS KPUTHUHUMHU (A1 BOIU TPU THUCKY

101,3 xTa Opr = 5810° Brm “K', qyp1=14510° Bru?,

AT kpl1= 25°C).
Ob6nacte nepexiguoro kuminus (auistaka II) qis Bonu y pasi
aTMoc(epHOr0 THUCKY peali3yeTbcsi 3a yMOBH  TEPErpiBY

25°C < AT < 125°C. Koediuient Temnosianadi B il o6aacti piz-
KO majaae 31 30UIBIICHHAM TemIrepaTypHoro Hamopy. Y touri Kj

IHTCHCUBHICTb TEIUIOBI/UIAYl Mae MIHIMYM, IPHIOMY (gp2 < Qxpl
a BIMOBIIHUM KOEQIIIEHT TEIUIOBiA/Iaul Mailke mepecTae 3MiHIO-
BaTUCH.

V pasi nopansmoro niasuiienus ATg B o6nacti mwiiskoBoro
kuninHsa (aumsiaka IV) miroumx 1eHTpiB MapoOyTBOPEHHS CTa€ Tak
6arato, mo OyJbOAIIKH 37TUBAIOTHCS MK COOOI0 M Ha MOBEPXHIi
YTBOPIOETHCS CyIIIJIbHA TTapoBa TUTiBKA. Yepe3 BETUKHUA TepMIYHUN
OITip MapoBOI MIIIBKU KOE(IIIEHT TEIUIOBIIaul B Il 001acTi MaIHiA
1 Maike He 3aJIe)KUTh BiJl TEMIIEPATYpHOTO HAIOpYy.

VY pasi yaapHoi B3aeMoii Kparuli 3 MOBEPXHEIO, KPIM TeMIle-
paTypH, iCTOTHY pOJIb Tpa€ MBUAKICT MiTHOTY M po3MipH Kparuii.
Kpamuni HeBenukoro pos3mipy, siki MalOTh HEBUCOKY IIBHJKICTh, 32
YMOBH TIOMIpHOT TeMIIEpaTypH MOBEPXHi OCIIAI0Th HA Hill y BUTIISI
nostycdep, OCKUIbKM /i CHJIM TSOKIHHS HEBEJIMKAa B MOPIBHSIHHI 3
€0 CHJIM TOBEPXHEBOTO HATATHEHHS. Y pa3i OUTbII BHCOKOI
IIBUJIKOCTI B1I0YBa€eThes Aeopmaltist Kparii, 10 3MOUY€E CTIHKY.

Benuki kpamti micis pO3IUTIONICHHST 3HOBY 3TOPTAlOTHCS B
KyJI0 ¥ MOKUAAIOTh MOBEPXHIO TEMJI000MiHY, BTPATUBIIN YAaCTHHY
piavHu Ha BUIMApoBYBaHHs. Hapermiri, 3a IEBHUX yMOB BiOyBa€Th-
csl 1po0JIeHHs Kpanelib Ha OUIbLI piOHI YaCTKH.

209



VY pa3i 10ocuTh BUCOKOI TEMIIEpaTypH MOBEPXHI MK HE U
KpaIuier0 B TPOIECi B3a€EMOJIl YTBOPIOETHCS TAPOBUI TPOIIAPOK,
npuYoMy 0e3MOoCepeTHbOr0 KOHTAKTy MoOXKe W He BiIOyBaTHCA.
Kpamuis nedopmyeTbes i BIUIMBOM CHJI iHEpIil, a CHJIM MOBEPX-
HEBOT'0 HATATHEHHS 1 B'A3KOr0 TEPTs MEPELIKOKAIOTh Ae(opmaltii.
VY 3a51eKHOCTI BiJl IBUAKOCTI MiAIBOTY, KPaIisi MOXKe BiICKOYHTH
6e3 npo0ieHHs: a00 YaCTKOBO YW MOBHICTIO PO3JIPIOHUTHUCS B yMO-
Bax B3a€MO/Iii 3 MOBEPXHEIO, 10 HE 3MOYYETHCS.

VYnepie rigpoarMHaMiuHi 3aKOHOMIPHOCTI B3a€MO/Iii Kparesb,
K1 MMaJal0Th Ha BUCOKOTEMIIEPATypHY CTiHKY, Oyiu chopMyiboBa-
Hi Baxtepcom y 1966 pori. Bin ycraHoBuB, 110 XapakTep MOBEIiH-
KM Kparuti Ipu B3a€MOJII1 3 TOBEPXHEIO 3aJICKHTh BiJ uncia BebGepa
We. V¥ pasi HeBUCOKUX 3Ha4YeHb We [l CHUJI IIOBEPXHEBOTO HATST-
HEHHS € JIOMiHy104010. J[poGyieHHs Kparii npu yaapi Bii0OyBa€eThCs
y BUNAJKY, SKIIIO 4yncio BebGepa Oiiblie KpUTHIHOT BETUIHHH, PiB-
Hoi 80. XapakTepHo, 110 TOBHE APOOJIECHHS Kparlii Py B3aEMOJIT 3
MOBEPXHEI0, 110 HE 3MOYYEThCS, HACTymae Mpu 4ucia Bebepa,
Maibke B/BIYI OUTBIIOMY, HIX IpH 3MouyBaHHi. Lle, IMOBIpHO, 10-
SICHIOETBCSI XapaKTEPOM KOHTAKTY (i3 TBEPOIO CTIHKOIO ab0 MpyxK-
HUM IPOIIAPKOM Tapu).

MakpockoIiuHa B3a€MOJIIS PO3MIICHOTO CTPYMEHS PiIUHU 3
HarpiToIO MOBEPXHEI0 Ma€ JesiKi BIIMIHHOCTI, MOB'A3aHl 3 HEPIBHO-
MIpHUM PO3IOAUIOM IIBUAKOCTEH 1 JiaMEeTpiB Kpameib Y MOTOKY,
10 32 IHIIUX PIBHUX YMOB BUPAKAETHCS B HEOJHOPITHOMY Xapak-
Tepl KOHTAKTy PI3HUX Kpamnesb (MPUIMIAHHS, BIICKIK, TPOOJICHHS).
VY 3a1eXHOCTI BiJl TYCTUHHM KpPAIUIMHHOTO MOTOKY (IHTEHCHBHOCTI
3pOITYBaHHS TIOBEPXHI) MOJKJIMBA B3a€EMOJIISI OKPEMHUX Kparmeib 3
MOBEPXHEI0 a00 3MTTS Kparesb B CYLUIbHY IUIIBKY PIAMHU (pEXUM
13 3aTorieHHsM). ['inpoarHaMika Tedii TUIBKUA PIAMHA BH3HAYAETh-
Csl KyTOM aTaky CTPYMEHS i €0 CHUJIN TpaBiTallii.

SlkicHUMI aHaI3 T03BOJIMB BUSBUTH 3arajbHi 3aKOHOMIPHOCTI,
XapakTepHi I MPOIECY OXOJOPKYBaHHS MOBEPXHI PO3MHIICHOIO
PiIMHOIO:

1. Xapakrtep 1 IHTEHCUBHICTh TETUIOOOMIHY 3aJIe)KaTh BiJ| Te-
MIEepaTypu # CTaHy MOBEPXHI, IHTEHCUBHOCTI 3pOIIYBaHHs, Jiame-
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Tpa ¥ MBUIKOCTI Kpareb, KyTa aTaky, BEIMYUHHU 1 HApsMy MpH-
CKOpEHHsI B TpaBiTallifHOMY O, TEIUIO(hI3UIHUX BIACTUBOCTEH
PEUYOBMH, MapaMeTpiB CTaHy Tazy il TemmepaTypH OXOJIOJKYIYOi
piIuHH.

2. IIpouec B3aeMOIl pO3NMWIECHOI PIMHA MOXKE MPOTIKATH Y
JIBOX pEXKHUMaX:

— BIIOYBa€eThCS B3a€EMOJIISI OKPEMHUX Kpariellb 13 MOBEPXHEIO;
IpU LOMY KpaIulli MOXYTh OXOJIOJKYBAaTH T'a30BE CEPEOBUIIIE Ha-
BKOJIO PO3)KapeHO1 MOBEPXHI BHACIIIOK TOBHOTO BUTIAPOBYBAHHS B
NOJbOTI @00 Kparuli BUNapOBYIOThCS Ha MOBEPXHI;

— KpaIuli 3JIMBAlOThCS B CYLUIBHY IUTIBKY PiIMHU; MPH LBO-
My MOXYTh CIOCTEpPIraTHCs pi3HI pPeKMMHU TEIUIOBiAIavi (KOHBEK-
LiiHUHA Term1ooOMiH, OyJibOalIKOBe KHUIIHHS, MEPEXITHUN pEexXuM,
TUTIBKOBE KHUTIIHHS).

B siKocTi 101aTKOBMX YMHHUKIB, SIKI BIUIMBAIOTh Ha IPOIEC
OXOJIO/DKEHHS, MOTPIOHO BIIMITUTH OOYpIOIOUY 0 CTPyMEHs Ha
IUTIBKY PIIUHM a00 MOXKJIMBICTH IPOPUBY MApOBOi IUTIBKU OKPEMHU-
MU KpaIuIsIMH.

EBakyariss piJuHM 3 MOBEPXHI TEIJIOOOMIHY BIJIIrpa€ iCTOTHY
POJIb TIPH 3pOITYBaHHI KPAIUTMHHUM TTIOTOKOM, OCKUIBKH Kparuii, 1o
3a3HaJIM B3a€MO/IIT 3 MOBEPXHEIO, 3HAXOAATHCA B TOMY X IPOCTOPI,
110 1 CBIXKI.

Ha cranii eBakyauii kparuii i3 cucTeMu TEIJIOBHM OalaHC Jyis
Kparuli IPUHIMIIOBO HE BIJPi3HAETHCS B/l TAKOTO K Ha CTaJil BUIA-
POBYBaHHS MIiCIA TEMJIOBOI penakcallii. B o0macTi miiBKOBOro Ku-
MiHHS YacTKa BOJM, III0 BHIIApyBayacs, He mepeBuirye 25%, To0To
BEJIMKAa YaCTUHA PiAVHU BiIOUBA€ETHCS BiJ CTIHKH. [licist 3iTKHEHHS
3 MMOBEPXHEI0 KpaIull HarpiBarOThCsl, IPUUOMY MIJBUIIEHHS TeMIIe-
patypu moxke gocsirati 20 — 25°C, B 3aJIeKHOCTI BiJ] yMOB B3a€MO-
nii. YHACHIIOK KOaryJysiii BiIOUTHUX Kpameib 1 THX, [0 PyXatThCs
710 TIOBEPXHI TEIUI000MiHY, YaCTUHA PIAMHU MOXe OpaTH ydacTb y
MOBTOPHOMY OXOJIO/DKEHHI, CIIPUSIOYH ITiIBUIIECHHIO e()eKTUBHOCTI
nporecy. Sk mpaBuiio, MpH 3pOIIYBaHHI NOBEPXOHb PO3MNUICHOIO
BO/IOI0 (hOPMYEThCS TUTIBKA PiAMHM, 110 3abe3mneuye i eBaKyaiio,
riIpoJHaMiKa Tedii sIKOoi 3yMOBJIEHA I'YCTUHOK KpPAIUIMHHOIO IO-
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TOKY, po3MipamMH i pO3TallyBaHHSM IOBEPXHI B MPOCTOpi, KyTOM
aTakd CTPyMeHs. XapakTepHO, MO0 y pa3l CKiIaaHOl 00'€eMHO-
MPOCTOPOBOi KOH(Iryparlii MeTaJTOKOHCTPYKIIii, 110 3aXUIIAI0ThCS,
piavHa MOXe TepeTiKaTH 3 OJHHMX EJIEMEHTIB Ha iHIII y BHIJISII
IUTIBKY, IiBKamMu a0o kparmsimu (edekt “momry”). Takum duHOM,
PEKUM eBaKyallii BOJH 31 3pOIIyBaHOI TOBEPXHI BIUIMBAE HA TIPOIIEC
OXOJIOJDKYBAHHSI 3arajoM, J101aTKOBO YCKJIQJHIOYM Horo ¢opma-
J30BaHUH OIMKC 1 BHOCSIYM ICTOTHY CTOXaCTHYHY CKJIQJIOBY.

Takum 4rMHOM, MIPU 3pOITyBaHHI BEPTHKAIBHUX CTIHOK pe3ep-
Byapa pO3MUJICHOIO BOAOIO HAHOLIbII CHIIbHE TApOTBOPEHHs Oyie B
iHTepBani temnepatyp crinku Bil 100°C no 160°C 1 mpu temmepa-
typax monan 250°C. 3a yMmoBU c(hepoigallbHOTO CTaHy Kpareb,
OXOJIOJDKCHHS YCKJIaTHEHO, OCKUTBKY KPAIlIi BOJAH B IIbOMY BHIIA]I-
Ky HE 3MOUYIOTh [TOBEPXHI CTIHOK.

[IpuBeneHnii BHIIE SAKICHUI aHAII3 TPOIIECY OXOJIOKYBAHHS
HArpiTHX MOBEPXOHb CTPYMEHSMH DPO3NUJICHOI PIJUHU CBITYUTH
Mpo Horo OGaraTorpaHHiCTh, KOMIUICKCHICTh 1 CKJIAIHICTD (h13MYHOI
PUPOJIH.

KouTpoJbHi nuTanHs

1. Po3kpuiiTe OCHOBHI HAmpsSMKH 3aCTOCYBaHHS BOIH st
CTBOPEHHS YMOB TOXEXHOT O€3MEKH.

2. SIxi OCHOBHI IpollecH BHU3HAYAIOTh €()EKTUBHICTh BUKOPH-
CTaHHS BOJY y BOJISTHMX 3aBICaXx, 10 3aCTOCOBYIOTH ISl 3aXHUCTY BiJ
TEIIOBOTO BUIIPOMIHIOBAHHSI?

3. Sk 3anexuTh KoeilieHT MMOCIa0IeHHs TOTOKY TEIIOBOTO
BUIIPOMIHIOBaHHS BiJl TOBIIMHM CYIUJILHOTO IIOCKOTO BOJSTHOTO
ekpana?

4. Sk 3anexuTh KoeQiieHT mocaadiaeHHs MOTOKY TEIIOBOTO
BUIPOMIHIOBAHHS BiJI TOBIIMHU CUCTEMH 3 JIEKUIBKOX IJIOCKUX BO-
JITHUX €KpaHiB?

5. Sk 3aneXuTh IOBXKHHA 3araCaHHs MOTOKY TEIIOBOTO BH-
MPOMIHIOBaHHS BiJl IUCIIEPCHOCTI KPaneJbHOTO BOASHOTO eKpaHa?
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6. Sk 3aneXuTh BUTpaTa BOAM Ha MOCTAaHOBKY KparejabHOIoO
BOJISTHOTO €KpaHa BiJ| IMCTIEPCHOCTI KpaneJIbHOrO OTOKY ?

7. PO3KpUTH CYTHICTb BUKOPHCTaHHS BOJM ISl 3aXUCTY Oy-
TBETHHUX KOHCTPYKIIIH.

8. 3aranpHi 3aKOHOMIPHOCTI B3a€EMOJIi PO3MUIECHOTO CTPY-
MEHS PiIMHY 3 HarpiTOI0 TOBEPXHEI0. SIKi ICHYIOTh PEXUMH KUIIiH-
HS BOJIU?

9. TlosicHUTH MeXaHi3M 3MiHM PEKUMY KUMIiHHS Boau. Po3-
KPUTHU CYTHICTb siBULIA JlelaeHdpocra.
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JoxaTtok A. BunapoByBaHHsI BOASIHUX Kpamejb y ra3oBo-
MY cepeaoBHIILi

VY nmanomy nopatky OyJe pO3INISIHYTO BHUIIAPOBYBAHHS BOJIS-
HUX Kpareib, 110 3HAXOIAThCS y rapsdoMy ra30BOMY CEpEI0BHILI.
Byne BHW3HAaueHO MOBOJPKEHHS y daci TeMIeparypu Kpameib Ta
IIBUJIKOCTI iX BUIIAPOBYBAHHSI.

Yepes Te, 1m0 po3Mipu Kpareiab 3HAYHO MEHIII 33 XapaKTepHy
BIJICTaHb MK HUMH, 337a4y PO BUIIAPOBYBAHHS MEBHOI KIJIBKOCTI
Kparejab MOXKHa 3BECTH JO 3aJadi MpO BHUIIAPOBYBAHHS OKPEMHX
Kparnenb. Po3riissHeMo Taky Kparuiro.

OCHOBHUMH TIpOLIECAMH, 1110 OOYMOBIIIOIOTH AMHAMIKY BHUIIa-
POBYBaHHS BOJM 3 MOBEPXHI Kparuii, € Audy3is BUMAPEHOT BOAIHOL
Mapy BiJ] MOBEPXHI KparuIl y 30BHINIHE CEPEOBUIIE Ta 3BOPOTHIM
pyX Temia, Imo MIATPUMYE BUIIAPOBYBAHHS 13 Kparwii 0e3 CyTTeBOi
3MIHM TEMIIepaTypu OCTaHHBOI. TakuM YHHOM DIBHSAHHSMH, SKi
OMKCYIOTh MPOIIEC, € PIBHSAHHS TEIUIOMACONEPEHOCY Y Mapora3oBo-
My II1api, [0 OTOYY€E KParuIio.

3anauy OyAeMo po3risiaTH sIK Taky, 10 Mae chepuyHy CH-
MeTpito. SIK He3aJIe)KHY MPOCTOPOBY 3MiHHY "r" Bi3bMEMO BiJICTaHb
B1JI IEHTPY Kparuii. Y pO3rJISTHYTOMY JAlana3oHl TUCKIB KOHIIEHTpPa-
1ii mapu @u(r) (Momb-M™) i iHmoro (KpiM mapu) rasoBoro cepemo-
BUILA Qr(T) (MonL-M'3) y TIPOCTOPI 3 JOCTATHHOKO TOYHICTIO 33JI0BO-
JBLHSAIOTH PIBHSHHIO CTaHY 171€aIbHOTO Ta3y:

Py(r) = @u(r)-R-T(r);  Pr(r) = @(r)RT(r), (AD

ne R =28,314 Ix-moms" K - yHiBepcaJlbHa T'a30Ba CTaa,

P,(r) i P,(r) — BinnosixHo napuianbHi THCKK apH i Ta30BO-
ro cepeoBHINa B Toull 3 KoopauHaroro "r", Ila;

T(r) - abcomoTHa Temneparypa napora3oBoi CyMmiri B TO4IL
3 koopaiHatow "r", K.

Binznauumo, mo nosuuit tuck cymimi Py Bcbomy 06’ emi 3a-
JIMIIAETHCS HE3MIHHUM, TOOTO BUKOHY€ETHCS CITiBBITHOLICHHSI:
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P,(r) + P, (r) = P = const. (A.2)

VY Ttakiil cuTyauii cucteMy pIiBHSIHb TEIJIOMAaCONEPEHOCY Y
napora3oBiii cyMili MOXHA MPEICTABUTH Y BUII:

d
i () =-D 21 4 w(r) oy, (A3)
d
jr () =-D =P 4 w(r) ¢y (A4)
dr
dt )
q(r) = —A E"'Jn Hn(t)+.]r Hr(t)= (A.5)

e Jm, Jr - TYCTHHH MOTOKY BOJSHOI MApH i BUXiJHOTO Ta30BOr0
207
( - I'yCTHHa TEIUIOBOTO MOTOKY Yepe3 Mapora’oBy CyMIlll,
BT-M'z;
D(t) - xoedimient mudysii mapu y razsoBomy cepeaoBHIL,
Mz-c'l;

CEpeIOBUINA BiIMOBIAHO, MOJIb'M~

A - xoediienT TemonposigHocTi cymirmi, Br-m K™

H,;(t), H(t) - nutoma enranbmis napu ta rasy BiAnoBiaHo,
I[>1<~M0JIL'1;

W(r) — 3aragbHa MWBHAKICTH PyXy MOTOKY CyMin, M-C ™.

Pimenns cucremu (A.1)-(A.5) BUMarae 3aJjaHHs 3Ha4E€Hb TH-
CKYy BOJSHOI Mapy Ta TeMIepaTypu CEepelOBHINA HA TPAHHUILIX IO-
CJIipKyBaHoi oonacti. Busnaunmo 1i rpanuti. CKOpUCTaEMOCH THM,
II0 B IPOILIECi BUIAPOBYBAHHS HaJl TIOBEPXHEIO KPAIlli yTBOPIOETh-
csl 1B MPHUIOBEPXHEBUX MIapu — AUDY3iHHUI Ta TemmnepaTypHUN
(muBuCH puc. Al).
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P(t)

+ I U

Puc. Al - Cxema 3a1€KHOCTI TeMIepaTypy ra30BOTO CEPeIo-
BUIIIA Ta IMAPIIAJILHOTO TUCKY BOJISHOI IMAapW BiJ BIJACTaH1 BiJ IICH-
TPy Kparu

Judysiitauii map (TOBIIMHOI Ap) Mae€ HAJJIUIIOK BOJSHOL
napu, napiiaibHAM TUCK K0T Oe3rmocepeIHbO 017151 TOBEPXHI Kparui
JIOPIBHIOE:

Pu(ry) = Py(ty), (A.6)

ne t, — temmeparypa kamii, °C;
Pg(t) - Binoma 3asexHiCTh THCKY HACHUEHOI TIAPH Bij TEMITe-

parypu t, °C.
Ha 30BHIimHINA rpanuii Audy3iiHOroO mapy TUCK BOJSHOI Ha-

pu 10piBHIOE 06’ eMHOMY 3HaYeHHIO Pyo:

Ph(rg+ AD) =Ppo. (A7)
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Temneparypuuii map (ToBmuHo At) 3 0aHOrO GOKY 0OMe-
KEeHO moBepxHero kparuii. [To6nu3y 1i€i moBepxHi TemmepaTypa ce-
pENOBHUIIA TOPIBHIOE TEMITEPATY Pl Kparii:

t(ry) = t,. (A.8)

Ha 30BHimHIN TpaHHIl TeMIIEpaTypHOTrO Iapy TeMmIeparypa

CepeIoBHINA JOPIBHIOE 00’ €EMHOMY 3HAUCHHIO ty:

t(re + Ap)=t,. (A.9)

[Teperinemo no pimenns cuctemu (A.1)-(A.9), maroun Ha MeTi
BU3HAUYEHHS XapaKTEPHCTUK Iapora3oBOro cepeioBHINa Oesroce-

pemHBO y MOBEpxHI Kpamut (ToO0To mpu I = ry). CkopucTaemMocs
TUM, 10 IIUTOMUHN TOTIK Ta30BOTO CEPEAOBHUINA Y MPUITOBEPXHEBO-
My IIapi JOPIBHIOE HYIIIO:

jr (r)=0. (A.10)

Toni MoxkHa 3a JAOMOMOror0 criBBiHOMIEHb (A.1) mo30aBu-
THUCSI KOHIIEHTPAI[I B OMUCI 1, HEXTYIOUH MAJIUMHU €PEKTaMH THUITY
tepmoan(ys3ii, Hagatu piBHAHHAM (A.3)-(A.4) B

i) =——2 9Py Pn A1)
In RT dr RT’ '
dP P
0=—L L twr) =L (A.12)
RT dr RT

Po3rnsatoun ocTaHHIO mapy piBHSHb CYMICHO 3 YMOBOIO He-
3MIHHOCTI 3arajibHOro THCKYy (A.6), MO>KHA BUKIIIOYHTH 3 PO3TIIIILY

napuianbanii Tck Pr(r) 1 saranbHy ImBHIKICTB T1ApOra3’oBOrO
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cepenoBula W(r). Pe3ynbTyrode piBHSHHS, 110 3B’A3y€ TYCTUHY I10-
TOKY BOJSIHOI apH 3 i1 mapiuialbHUM THCKOM, Ma€ BH/I:

D P dP,
RT P-P, dr

jn(r)=- (A.13)

JInisi OJaNIbIIOro PIlICHHS BHPA3UMO MUTOMHUI TOTIK Mapu
4yepes3 MOBHUM MOTIK Jy:

. J
jn ()= p “2 . (A.14)
TTr

Toni piBusHHS (A.13) HaOyBae Bua:

Ju RT dr  dP,

4n PD(T) 2 P-P,

(A.15)

Mu po3risgaeMo KBa3iCTaIllOHAPHUN PEKUM, y SKOMY IPH-

IyCKAEThCS HE3AIEKHICTh BEJMYUHY TIOTOKY mapu Jy Bix Koopu-
HaTU I y MeXax MPUIIOBEPXHEBOro IudysiiiHoro mapy. 3 ypaxy-
BaHHSM I1i€1 00CTaBMHU PE3yJbTaT iHTErpyBaHHs piBHIHHSA (A.15)y

Mexax qudysiiinoro mapy (o ¥ Big Iy 10 'y + Ap i mo Py (3rin-

HO 3 (A.6) 1 (A.7)) Bing Py(ty) no Ppo) nae criBBinsomenHs:

D P-P
Iy =4nr“(r“+AD)-]_)P-1n om0 | A 16)
Ap TR P —Pg(ty)

ne T - xapakrepue (GinbLI-MEHII IOBLIbHE) 3HAYEHHS a0CO-
JIIOTHOT TEMITepaTypu cepeaoBHIa y Audy3iHHOMY I1api;
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D - ycepennene 3nauenns koediuienra qudysii, sxe Bu3Ha-
4JaeTbes 3a hopmyIior:

B: r —|’-TA
he(ie +Ap) ™380 Ty
Ap o D(t(r)) r’

VY uyucenpHUX po3paxyHKax i3 BUKOPUCTAHHSAM YCEpPEIHEHOTO
3HaueHHs KoedirienTa qudy3ii Tpeda 3acTOCOBYBATH METOJ TOCITi-
JIOBHUX HAOJM>KEHb.

VY nmopanpmioMy 3pydYHO BBECTH 3BEACHY TOBIIUHY IUQY3iii-
HOT'O I1Iapy:

re A
Sp=—X—D (A.17)
I + AD
Lle no3Bossie 3anucatu Bupas (A.16) y popmi:
. D P P-P
jg=———-In no_ | (A.18)
op TR P—-Pg(ty)
ne Ji - TUTOMHI TOTIK BOISHOI Mapu Ha MOBEPXHI Kparui,
MOJTB-M ¢
.. J
Je =han)=—""5". (A.19)
4mtr

K

[lepelinemo 10 iHTErpyBaHHS PIBHSHHSA TEIUIOBOTO MOTOKY
(A.S).
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Yepes chepuuHy cUMETpit0 muromuii TeroBuii notik ((r)

3B’A3aHMH i3 MOBHMM TEILIOBUM IOTOKOM Tema (Q cmiBBimHOIIEH-
HSIM:

q(r) = Q 5 (A.20)
4ntr

Bemmunna Temiosoro INOTOKY Q, AQHAJIOT1YHO BEJIMYHHI ITOTO-

Ky napy Jy;, BBOXKAECThCA HE3AIEKHOIO BiJl KOOPIMHATU I' Y MEXax
MIPUIIOBEPXHEBOTO TEMIIEPATYPHOTO MIapy.

Bpaxosytoun cmiBBigHomenss (A.10), (A.14), (A.20), dop-
My (A.5) MOXXHA HAaJIaTH BUJI:

Q _, 4, i H, (t)
4nr? dr 4qy2
abo
dt 1 dr

= — A21
JnHy()-Q 4m) 2 .

[aTerpyemo piBasiHHS (A.21) y Mexax TeMIepaTypHOTo IMpH-
HOBEPXHEBOTO mIapy (110 I' Bijt Iy 10 Iy + A i 10 t (3rigHo 3 (A.8)

i (A9)) Bix t, mo t;). [Ipu bOMY CKOpPHUCTAEMOCS JIIHIHHUM PO3-
KJIaJIOM TIMTOMOI €HTaJIBIIIT IMapHu 32 TEMIIEPaTypOIO:

Hy,(t) = Hy(t,) + Cpn (t—to),

Ie Cpn - IMTOMAa MOJSIpHA 1300apHa TCIUIOEMHICT MapH,
Jhx-monb K.
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B pe3ynbrarti oTpuMaEMo CIiBBiIHOIICHHS:

1 ,ln[Jan(tr)—QJ 1 At

=—. L (A22)
JnHp(te)—Q) 4mA rg(rg +Ar)

Jn Cpn

hi (S A - cepelHe 3a TeMIIEPAaTyPHUM IIApOM 3HAYEHHS TEILIO-
MPOBITHOCTI MAPOTa30BOTO CEPEIOBHUIIIA.

VY nopansmoMy 3py4HO BBECTH 3BEICHY TOBLIMHY TeMIIepa-
TYpPHOTO Iapy:

8 = T AT (A23)
I, + AT
Le no3Bosnsie Hagatu piBHAHHIO (A.22) popmy:
jK=L-L-ln[J“H“(tF)_QJ. (A.24)
O Cpn JuHy(te)-Q

[HIIMM KOPMCHUM BapiaHTOM CHiBBIJHOIIEHHS (A.24) € sB-
HUI BHpa3 TEIJIOBOTO MOTOKY Q uepes3 MOTiK Mapu:

_ Hn(tr)_Hn(tk)
exp(B)—-1

Q=Jn'|: +Hl‘[(tK)j|’ (A.25)

Jie BUKOPUCTaHO O0e3pO3MipHHI mapaMeTp:

B=

o
PI‘H

“Cpn e (A.26)
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Pisusians (A.18) i (A.25) 3B's13yr0Th Mixk co6oro mapamerpu Q,

Jyp Ta ty, M0 XapaKkTepu3yrOTh MPOTIKAHHS MPOLIECY BUIAPOBYBAHHS
0111 MoBepxHI Kparuti. [yt BU3HaUEHHST OCTaHHIX HAIMIIEMO CITIBBiI-
HOIIICHHSI, 110 BifoOpakae OanaHC eHeprii mpy BUMApOBYBaHHI Oe3MO0-
CepeHbO KparwIi, 1 Jajll CKOPUCTAEMOCS HETIEPEPBHICTIO MMOTOKIB pe-

yosunH (Jy;) Ta eneprii (Q) Ha moBepxHi Kparwi.

VY BIAMOBITHOCTI JI0 TIEPIIOTO 3aKOHY TEPMOJIMHAMIKH TETLIO-
BUH TIOTIK Kpi3b IMOBEPXHIO Kparuli 3a0e3MeuyeThesi 3a PaxyHOK
3MIHU €HTaJbIII1 Kparuii, TOOTO

_ d[HB(tK)'mlclz aHB(tK).dtK.InK_H (t .idmlc
My - dt Ot  dv pg mE Hp

Q

abo

dt,, m
Q=—ch(tK)-d—:-—K+HB(tK)-Jﬂ, (A.27)

23

ne Hg(ty) - muromMa MoISIpHA €HTANBINSA BOIM 3a TEMIEPATyPH
Kparuii, I[}K-MOJIL'l;

Cpp - [HTOMa MOISIpHA 1300apHa TEIJIOEMHICTh BOJH,
I[;K-MOHL'I-K'I;

m,, — Maca Kparuii, Kr;

Mg =18 107 kr-Momb ™' — MOJISIpHA Maca BOJIA.

[Tpu 3amuci (A.27) MU CKOpPHUCTAIUCS 3arajJbHUM TEPMOIUHA-
MIYHHUM CIiBBiJHOUICHHSIM:

OH g (1)

t)=
ch() ot
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Ta THUM, L0 3MIHA MacH KparJi BiI0yBaeThCs TUIBKH 3a PaxyHOK
MOTOKY Tapy BiJ Kparuii, TOOTO

y =L dme

pg dt

(A.28)

[TincraBuBmm Bupas (A.27) y dopmyny (A.25), MOKHA OTpH-
MaTH PiBHSHHSA, 1110 OMKCY€E 3MIHY TeMIEpaTypH Kparui:

m;.

Cpulti) dte _ [ AH,,

= exp®)—1 AHBI/[H(tK):|9 (A.29)

Hg dt

ne AHy - 3mina MonsApHOi eHTanbNii MapU MPU MPOXOKEHHI
TEMIIEpaTypHOTO LIapy, sSKa JOPIBHIOE:

AH,, = Hy(t,) - Hy(t) = cpp (tp — ty), x-moms™, (A.30)

AHgyun(ty) - MosspHa Temiota BUNMApOBYBaHHS BOJM, B3ATa
3a TeMIIEpaTypH Kparuii:

AHgyun(ty) = Hg(ty) - Hy(ty), Z[X(‘MOHB-I-

PiBusnns (A.18), (A.29) (3 ypaxyBaHHSM CITiBBITHOIICHb
(A.19), (A.26) Ta (A.28)), 3a yMOBH 3aBJaHHS MMOYATKOBOI MacH 1
TEMIepaTypu Kparli, OAHO3HAYHO OMMCYIOTh IPOLEC BHUIIAPOBY-
BaHHSA Kparuti. [Ipyu iboMy BBa)Ka€eThCs, 110

4 3
m, =?-rK ‘P> (A.31)
e Pg — TyCTUHA BOJH, KM,
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€IMHUMU JIICHO HE BM3HAYEHMMH BEJIMYMHAMM € TOBLIMHU
IPUTIOBEPXHEBHMX AU(Y3IHHOrO ¥ TEMIEpaTypHOro miapis - Oy Ta

O. Lli po3mipu TiCHO 3B’s13aHi 3 XapaKTepoOM OOTIKAHHs Kparuii mna-
porazoBoro cymimo. [l iX BuU3HaueHHs HEO0O0X11HO a00, BUKOPH-
CTOBYIOUM amapatr Teopii MoAiOHOCTI, 3aTydaT eKCIepUMEHTANbHI
naHi, a00 BUPIITYBaTH CUCTEMY HETIHIWHUX PIBHIHB TETIOMAaCOIIe-
peHocy (kpiM piBHsHB (A.1)-(A.5) me piBusHHs Has’e-Ctokca) y
OiHapHii cymim "mapa — ra3oBe cepenoBuiie”. byjaemo BBaxkartu,
110 Taka 3ajada BUKOHaHa. B TakoMy pa3i ToBUIMHU TudY3iHHOTO 1
TEMIIEpaTypPHOTO HIAPiB BHPAKAIOTHCS Yepe3 XapaKTepHUU pO3Mip

3a1aui (AIKUM € miaMeTp Kpamii - 21) i audysiiine Nup ta remre-
parypue NUr uncia nogibHocTi, sIKi 1€ HOCATh Ha3BH yncesn [IImi-
ara (Sc) ta Hyccensra (NU), BianosiaHo:

5 _ 2 Sy =
NllD ’ NuT

_ 2 (A.32)

CrocoBHo uuncen noaionocti [Iminra Ta Hyccenbra kKopucHO
BiIMITUTH JaBI oOctaBuHH. [lo-mepiie, yacTto uepe3 MOIIOHICTH
saBuIl AUQy31i peuoBUHU U eHeprii nudysiiiHe 1 TeMnepaTrypHe Juc-

na noxioHocrti crniBnanarots, T00To Nup = Nur. ITo-apyre, 3a ma-
nux (y MOPIBHSHHI 3 OJIMHUIICI0) KpuTepiiB PeitHonbaca 3amadi py-
Xy Kpami Yy Ta30BOMY CEpElIOBMIII MOXKHAa BBaXaTd, IO
Nu]) = NuT ~2.

JIist TOaNbIIOTO aHaNi3y MPOLECY BHUIIAPOBYBAHHS Kparelb
nemo TpaHchopmyemo piBHAHHA (A.18) Ta (A.29). Cxopucraemocs
THM, TI10 3T1IHO 3 cmiBBigHOCHHSIMHE (A.19), (A.28) Ta (A.31) ryc-
THHA MOJIIPHOT'O MOTOKY MapH JOPIBHIOE:

. dr
j =P8 Sl (A.33)

pp dt
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[TincraBuBmM ocTaHHi Bupa3 y (A.18), BUKOPUCTOBYIOUU
3B’s130K (A.32), OTpUMAEMO pPIBHSHHS, IO JIO3BOJISIE BU3HAYATH

IIBMKICT 3MiHH IJIOLII MTOBEPXHi Kpari (8 = 47 r,f ):
ds

—=-G(t,), A34
i (to) (A.34)

— P-P
e G(tK)E"-TC'NllD'D'u—B'_P -ln( 0 j.(ASS)
Pe TR P—Pg(ty)

VY cBoto uepry piBHsAHHIO (A.29) MOKHA HAaJAaTH BUJ:

_dt, =F(t,), (A.36)
dr
3 G(tK) cpn'(tr_tlc)
F(t)==. . —-AH_ (t.)]|. (A37
o Ft= pr(B)_l sunltic) |- (A37)

Biamitumo, mo napamerp B (auBuch (A.26)) Takox MOXKHA
3B’sI3aTH 31 MIBUIKICTIO 3MiHU TUTOIIII TOBEPXHI KParuIi:

B(t )=N“D-B.cﬂ“._P | == FPuo_|_
" Nup A TR P-P(t,)

_ G(tK) Con "Pe
4nNup A-p,

(A.38)

3 dopmyi (A.35), (A.37), (A.38) BuruMBae, 00 y BEITMYUHAX
G, F ta B Bincyrus sBna 3anexuicts Bix posmipy kpamii (Bix
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HBOTO cjaable HiXK JIiHiIMHO 3amexars uucia noxionocti Nup ta
Nur). Lls o6cTaBuna crpoliye anaii3 piBHsHb (A.34), (A.36).

Cniupatounch Ha cuctemy (A.34), (A.36), 3’s1cyeMo xapakrep-
Hi OCOOJMBOCTI CTAIiOHAPHOTO PEKUMY BHIIAPOBYBAHHS Kparuli, a
TaKOX OIIIHUMO Yac BUXOJy Ha LIEH PEeKHM.

CramioHapHuil peXWM BHIIAPOBYBAHHS BIJPI3HIETHCS He-
3MIHHICTIO TemIeparypu kpamuii y 4aci. Le (y BianoBigHOCTI 10 pi-
BHsHHA (A.36)) 03Hauae, MO TEMIIEPATypa CTAI[IOHAPHOTO PEKUMY

t, = t,ccT € PIICHHSAM PiBHSIHHS:
F(t,)=0. (A.39)

BennuuHa MBUAKOCTI 3MEHIIEHHS IUIOII MOBEPXHI Kpari y

oMy pesxuMi (3riHo 3 (A.34)) nopismioe G(ty' ).

JInsi BU3HAUCHHS XapaKTEPHOTO 4Yacy BUXOJY Ha CTallioHap-
HUM pe’KUM pO3KIIaZIeMO IMpaBl yacTUHU piBHAHB (A.34), (A.36) no
t mo0NIM3y CTAI[lOHAPHOTO 3HAYCHHS TEMIICPATYPHU 1 3aJHMIIMMO B

IbOMY PO3KJIa/i Meplli HEHYJIbOB1 J0AaHKU. BinmosinHa jiHeapu-
30BaHa cuctema Oyjie MaTH BUJ:

ds
_=_G tCT ,
v (te)
(A.40)
dt
s—E=—B-(t,—t),
i B-(t, —ty)
ze
=—6—F (A.41)
Ot tie=tic'
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HexTtyBanHs 3anexHicTio npaBux yacTuH cuctemu (A.40) Bix
pPO3MIpiB Kparuli JO3BOJISIE OTPUMATH BiIIOBIIHI YaCOBI 3aJIEKHOC-
Ti:

s(1) =s(0)-G(t; )T .

t _ tCT tCT
&zex L.]n I_M.T , (A.42)
t(0) -t G(t,) s(0)

ne  t(0) i s(0) — nouarkoBi 3Ha4eHHS TeMmIEpaTypu M ILUIONI

MOBEPXHI KparuTi.
Pimmenns Bugy (A.42) o3Havae, 110 XapakTepHUil yac HaOIu-
KEHHS JI0 CTallIOHAPHOTO PEXKUMY JTOPIBHIOE:

Ha 3aBepiienHst orpumaeMo HaOmmkeHi Gpopmynu it pospa-

(A.43)

XyHKY BenmuuH by 1 Tg. Tak, i3 piBHsAHHs (A.39) BUIUIHBAE, 1110 3HA-
4YeHHs mapameTpa B y cramioHapHOMY peknMi JOPIBHIOE:

Con - (tr - tlccT)
_I_

AH cT

BHUII

B =In|1

: (A.44)

Ac Ach;:m = AHBHH(tlccT)-

3 iHmoro ©Ooky, 3rifHO 3 BuU3HA4YeHHAM (A.26),
B = B(t;' ). Cymicue Buxopucranns (A.26) (y dopmi (A.38))

pasom i3 dopmyroro (A.44) nae piBHSAHHS 7Sl BU3HAYCHHS CTallio-
HapHOI TeMIepaTypyu BUIApOBYBaHHS:
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P-P, | Nuy 1 TR +cpn-(tr—t§T)

In ol —- -In| 1 -
P- PS(tR ) NuD cp11 D P AHBI/IH
(A.45)
SIKIIO BBECTH BETMUUHY
AT ¢, -(t, —t
A=Nur b TR S (FCT ) ., (A.46)
NuD Cpn b P AHmm

TO PIBHSAHHIO (A.45) MOXHA HAJAATH BUJ;

Po(t) =(P—Pyo ) (1-exp(—A))+ Py,

a00 1HaKIIe
t" =t,[(P-P,) (1—exp(-A))+P,,]. (A47)

ne ty(Py;) - Temneparypa HacuueHHs mapu TPy 3aJaHOMY 3Ha-

YeHHi mapiiagpHoro Tucky Py mapoBoi ckiiasoBoi maporasosoi cy-
Miri (1 TeMIeparypa e Ha3uBaeThest TOUKOK pocn),’C.

V pasi manux 3Hauenb napamerpa A (A<<1) pisusuns (A.47)
HaOyBae JICIIO MPOCTIIIOTO BHIY:

tT =t (P-A+P,). (A.48)

Pipusiaus (A.47) (abo (A.48)) MoXkHA BUPIIIUTH METOAOM T1O-
CIIOBHUX HAOJIMXKEHBb, OCpYy4YH B SIKOCTI HYJIHOBOTO HAOJMIKEHHS
TEMIIEpaTypu Kparuli, HApUKIad, CePeIHE 3 MOXKIUBUX 3HAYCHBb

t(Py,) B imrepsani Py Bix 0 mo P ~ 10’ Ila, T06T0 BBaXaTH, 110
tlccT(O) ~50°C. B takomy BumajiKy (hopMmyia [isi BU3HAYCHHS HYJIbO-

BOro HaOmwkeHHs napamerpa A (A.46) mac Bup:
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AO 080 093530 (A.49)
et 1000

546

[Tpu 3amuci (A.49) npuiimaliocs, 0 cepeiHi mapameTpH Mapo-
ra30BOTO CEPE/IOBUINA y TMPUIIOBEPXHEBOMY IIapi Kparuli JOpPiBHIO-

I0Th: KOE(ILIEHT TEeIIONPOBIIHOCTI X =3.10 BT-M-I'K-l, THUCK
P= 1,01-105 [1a; i306apHa TEILIOEMHICTb HAPU Cpy = 38 I[;K-MOHL'I-K'l,
nuroma Terwiora napoyrsopenns AH lc;m =41-10° Iix-moms ™', Tem-
nepaTypa

t +t

Tt he _p7a it g
2 9 9

T=

koedimieHT qudysii

T 1,5
D=22-107°.| —| ,Mc.
273

®dopmyna (A.49) aemMoHCTpye, IO MEXI Malux
3HaueHb napamerpa A (A<<1) Biamosizae 06JacTh BiIHO-
CHO MaJIUX TEMIIEPATyp ra30BOr0 CePeOBHINA:

“te o1, (A.50)
1000

Temmneparypa Kparuii B nepuioMy HaOJIMKEHH1 OI1i-
HIOETHCS CITIBBIIHOUICHHSIM:
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€O =t |(P-P,)-(1—expl-A©@ )+ p, ] (A5
AKe y pa3i BUKoHaHHs yMOBH (A.50) cripoiyerbest 10
€0 ¢ (p-A® +p,,)

Bennunny mBUAKOCTI 3MEHIIEHHS IUIOIII MTOBEPXHI
Kparuli y CTalliOHapHOMY IIbOMY PEXHMIi 3pyYHO OIliHIO-
BaTH, OEpy4H 32 OCHOBY BHUPA3:

Co - (t, —tET
G(t,ﬁT)=4nNuT-ﬂ-m 4 S =)
Cpn Ps Ach:m

(A.52)

5

SKUW MOXKHa oTpuMatu 3 ¢popmylt (A.38) 1 (A.44).
UucenpHa orinka BennuuHM (A.52) 3 mapaMmeTpamu
omiHku (A.49), 3a ymoBu Nuy = 2, Ma€ BU:

ery (i) 7 tr —tnccT(i) 2 -

t =3,6-10 " -In 1+093-———— | , mc ,(A.53
G(ty) 1000 (A.53)
akuii 3a yMoBH (A.50) cripoiiyeTbes 10

GtHM =3,3.1071°. ltr - t,?(i)], M- (ALS4)

Ingexc "i" y gopmynax BigoOpakae HaONMM>KEHHS

(Tak t,ccT(O) ~50°C, a t,ccT(l) PO3paxoBYy€ETHCS 3a HOPMYJIIOO
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(A.51)).

Orninka yacy BUXOJYy Ha CTAalllOHAPHUM PEKUM T
BUKOHYETHCSI Ha OCHOB1 hopmyin (A.43), 1110 BUMarae BU-
3HaueHHS BenumunHHu napametpa f§ (A.41). B xoxai pospa-
XYHKY OCTaHHBOTO 3pYYHO BHKOPHCTOBYBATH YyMOBY
(A.39). Takum yriHOM:

é. G(tk){ Cpn N aAHBHH}

B= +
2 cpp |exp(B)-1 Oty =t CT
G(t,) |Cpn " (tr —t¢)
+3. ("){ pm_*r ; exp(B)a—B} =
2 Cps (exp(B)—l) Oty -
t AH
J3.6) (At .
2 cpp (tr —tx _er
t =tS

+§-G(t") AHg 0l 1+ Apyn | OB . (A.55)
2 cpy Cpn - (tp —tye) | Oty e

OcHoBHA YacTuUHA TOXigHOI OB/0ty, 3rigHO 3 CHIBBIIHOIICH-
HM (A.38), TOpIBHIOE:
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oB _Nuppn P 0| [ PPy _
Bl et Nur & TR | (P-R(to)| _er

tK K
OB
= Ot (A.56)
P_PS(tR)
te=ti
N — C P
e o' = Up ') P
NllT }\4 TR tK=t$(T

Jlomatok A. BunapoByBaHHS BOASHHX Kpalledb y raso-
BOMY CEPEIOBHII 207

[TigcraBnsiroun y (A.56) yucenpHi 3HAYEHHS BEJIUYHH, OTPH-

MaEMO 3aJI€KHICTD:
o' =1,23-,/l,
273

sIKa Ja€ 3MOTY 3pOOHTH OIIHKY:
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OP

T ot o
oB —1,23- L. Oty >1-1072, K.
Otiely _yer 273 P-Py(t,)

te =tar

OcTtaHHs HEPIBHICTH /103BOJISIE CTBEP/XKYBATH, 1110 3 TOYHICTIO
~10% dopmyia (A.55) mae Bun:
pMYy.

o PP
B=§ . G(tK)AHBn 1+ AHBmI ) 5tK ’ e
2 “ps Cpn- (tr _tK) P_PS(tK)
t =to
a00 y uuciax
T _ CcT . 3
B=3’6.10_6 lln 1+0,93 tr t]( 1+ 1,1 10 y
V273 1000 —
' te=ti
100 OP
S
P —P; (te)

te=tr
VY pasi BiIHOCHO Majoi TeMIepaTypH I'a30BOTO CEPEOBHUIIA
(muB. (A.50)) ocraHHi BUpa3 CIPOILYETHCS JI0:
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OP,

— 100.75
p=36-106 | L . O
’ 273 P-Pg(t,)




Jlopatoxk B

= . |5
- & 2 5(_':
= > < =
25| &8 £
ST | E |54 |k ¢
00'exT i IJI0IMIA HHOT0 ropiHHs - é == 2=

- [~ = = ®a >
< A [~ = =
22z o | £ o =
2| 5|5 |EE
@ = = E S

baBoBHa B crocax (30 crociB), Bara

kunu 200 kr. 3aranbHa mioma ropia-| 2150 | 20 | 71,7 | 0,06

w3t 30 M

Bara B crocax (26 (2:T0c1B). 3aranbpHa 2150 | 18 | 65 | 0,06

TIJI0111a TOPIHHS 65 M

Ianip y pynonax, mo 30epiraBcs y

nomaTiii mpudymosi. 3araneHa mioma| 2150 | 10,5 34 | 0,054

ropisms 62 M°

Crurag manepa. Ilnoma ropinsst 55 ™. | 2150 [10,5] 39 | 0,062

Knoyus B TiOKax. [lnoma ropiHHS

60 v 4970 | 30 | 82,8 | 0,046

XKutnosuii 6yauHok. ['opinu pemiery-

BaHHS, KPOKBH, MiaAmuBKa, yremmosad| 2100 | 10,3 | 35,0 | 0,056

Ha ot 60 m>

Kutnosuit Oyaunok. [opinu mnepe-

KPHUTTSI TPETHOTO 1 YETBEPTOTO MOBEP-

X1B 13 mioler 46 M i MIEPErOPOJIKH 2100 110,51 29,0 | 0,046

Ha ot 26 m>

Kutnosuit Oyaunok. [opinu mnepe-

KPUTTSI TPETHOTO TIOBEPXY, MEPETrOpo-

JIKA TPETHOTO 1 YETBEPTOrO MOBEPXIB. 200001 11140 10,06

3arabHa mioma ropiass 50 m°

XKutnosuit OyauHOK (pyOaHi CTiHH,

neperopoaku, mnepekpurts). I[lmoma| 2090 | 15 | 26,1 | 0,021

ropidHs 80 M
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Kutnosuit OyauHOK (Tmeperopojka i

mimora). Iloma ropiass 9 m” 130 4 1441006
}KI/ITH.OBHI/I 6yL[1/IHQK (neperg)po,uKH 1 1980 | 15 39.6 | 044
me6di). [lnoma ropinas 50 m™.

ﬁl()eI;fZB aH1 capai. [1noma ropinus 2100 |10.3] 52,5 | 0,084
J;L()e;;/[ezls aH1 capal. [1imoma ropinus 2150 [10,5| 43 | 0,068
I[epeBZ}IHl capai. [Inoma ropinus 2000 | 10 | 20 | 0,033
100 m

Fopnqe JiepeB SIH;)FO Oyaunky. Ilno- 2000 | 5 | 11.7 | 0,039
ma ropidHs 120 m

Fopmue )KI/ITJ210BOF0 Oynunky. [Tnoma 1860 | 12 1 0,043
ropiHs 60 m

[Mau 3 razeramm, GOTOTEKOIO, CTe-

naxk 13 kHmramu, meOmai. ITmoma ro-| 1000 | 10 | 25 0,04
pisms 20 M

Me0ui, MEPEKPHTTA JKUTNIOBOT KiMHa-| ¢ 4 38 | 0,158
tu. [lnoma ropinns 22 m”.

é[(;)l;l_[?TI/II/I capail. Ilmoma ropiHHA 500 5 1166 | 0,055
ILougamn capai 13 apoamu. [lmomia 2090 | 12 [41.76] 0,058
ropiHs S0 m

IL'OH_IaTI/II/I capai (zpanTs, 2M1H_II(I/I, m- 4 |10 | 3.8 | 0,023
mip). [lnoma ropians 30 m

3aBOA CHHTETUYHHMX AapOMATHUYHUX

pedoBuH. [opiB metwnoBuii edip| 1200 | 15 | 60 | 0,064

a-Hadyrony Ha rroni 20 M
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Honatok C. Po3paxyHOK HIBUIKOCTI KOHJIEHCAIll Mapu Ha
BEPTUKAJIBHIN CTiHI

VY nanomy nonatky OyJie OKa3aHO, SIK PO3PAaXOBYETHCS BENU-
YHHA CTAl[IOHAPHOr'0 MOTOKY Mapy B MAPOIOBITPSAHIN cyMimi npH ii
KOHJIEHCaIlii Ha BEPTUKAIBHIN CTIHIII B YMOBaxX MPHUPOJHOI KOHBEK-
uii. 3 wi€eo MeTo OyJe po3risHyTa CHCTeMa PIBHAHB TiIPOJUHA-
MIKH 1 TEIJIONEPEeHOCy, IO ONMUCYIOTh CTAIllOHAPHE TOBOJHKCHHS
HaponoBITPAHOi cymiwi. Y reometpii puc. 2.10 gana cucrema mae
BUJL:

om om; . &( om
PWy— L+pw y—l—D—(p—lj, (C.1)

ox oy ox ox
oWy oWy 62Wy ( e
Wy —>—4+pW = + - , (C2
pxax pyay Haxz gWP—Po (C.2)
o(pw
Opwy) , P y)=0, (C.3)
Ox oy
a—T + or l—aZT 0 C4
pcpwxaX pchyay ox2 ., (C4
ne P 1 Pg - TYyCTHHA NAPONOBITPSIHOI CyMillli, BiIOBIAHO, y J10-

BiJIBHIH TOYII 1 TOYII, BiAAaleHOl BiJl CTIHH, KM (TomaHoK 13 TYyC-
TuHaMu y piBHstHHI (C.2) BpaxoBye€ 3MiHY T1IpOCTATUYHOTO TUCKY );

Wy, Wy — BIIIIOBiIHI KOMIIOHCHTH IIBHAKOCTI PyXy CyMmiLi,
M-c'];

1M — MacoBa YacTKa Mapy y MapoIOBITPSHIN CyMiIlli;

W - koedilieHT TMHAMIYHO] B'S3KOCTI CyMilll, KF-M_I-C_l;

€ — IPUCKOPEHHS BUIbHOTO naaiHusd (g =9,81 M-c?);
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clp — IMTOMA 1300apHa TEIUIOEMHICTh MApPONOBITPSAHOI CyMmili,
JIK-KT K

A — koe(illieHT TErIONPOBiHOCTI MAPOMOBITPAHOI CyMii,
Br-m K.

B o6umacTi THCKIB 1 TemmepaTyp, 1110 MarOTh MICIe MIPH TaciH-
Hi, TAPOIOBITPSIHA CYMIIII 13 IOCTATHIM CTYIIEHEM TOYHOCTI 3a/10BO-
JIBHSIE PIBHSHHIO CTaHY 1/1€JIbHOTO Ta3y:

_Pu

= : C.5
RT (C.5)

p

. -1
o€ W — MOJEKyJspHa Maca CyMilli, KI-KMOJIb

MonekyisipHa Maca CyMili 3B'si3aHa 3 MAaCOBUM CKJIQJIOM Tia-
POIOBITPSHOI CyMIIIIi:

=— .6
B m, m,’ (C.6)

Ry M2

ne  INj— MacoBa 4acTKa BOJASHOI MapH B CyMilli (BOJIOTOMY IOBi-
Tpi);
M, — MacoBa YacTKa CyXOro Mmositps B cymimi (IMy =1 - my);
M1 1 Y2 - BIINOBIAHO, MOJISIPHI Macu BOJSHOI apyu i MOBITPs

(M =18 KI-KMOJIB K2 =29 KI-KMOJIB ).
CkopucraeMocst HE3HAYHUM BMICTOM BOJSTHOI IApH B CyMilll,
TOOTO

m; << 1. (C.7)

VY oMy HabmmkeHHi popmyna (C.6) mpuiimae BU:
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L=H, (1+m1 Mj : (C.8)
Ky

OcTaHHE CHIBBIIHOIICHHS JO3BOJISIE, BUKOPHCTOBYIOYH DiB-
HsHHA crany (C.5), npuBecTH J0JaHOK 13 TYCTMHAMU y MpaBiii yac-
tuHi Bupa3y (C.2) no Buny:

- To—T
g(p—po)=gpo[M(mm—m1)+ 0 j (C.9)
151 To

Ie  INjg— MacoBa 4acTKa Mapy B CyMillli;

Ty — aGcomoTHa TemMneparypa cyminn yaajauHi Bij moBep-
XOHb KOHJICHCAIII1.

[Ipu nammcanni Gopmymu (C.9) mpupogHo mnepeadadaeThes
BITHOCHO MaJia 3MiHa TeMIepaTypH CyMIlIl MPH PycCl BiJ MOBEPXHi
KOHJICHCAIll1 BCEPEIUHY TTPUMIIIICHHS.

3 ypaxyBaHHSAM npuitHATUX pomyiieHs cuctema (C.1) — (C.4)
MpUKMae BUJI;

2
Wy m1+wyam1=Da'n1, (C.10)
ox oy x>
ow ow, 0w _ _
W, +W, =V zy +g [_lvlz t (mlo—m1)+TO T}
ox oy ox Ly Ty
(C.11)
oW
Owx ™y _y. (C.12)
ox oy
w §£+W'§£—a§i£ (C.13)
X aX y ay t axz ’ ‘
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ne V =—— — KoediIll€eHT KIHEMaTUYHOI B'sI3KOCTI, M2-C 1;
Po

a¢ =——— — Koe(IIEHT TeMIepaTyponpOBOJHOCTI Cy-
Po " Cp
Mili y/anuHi Bij oBepxHi KoHAeHcawii, M>-c.
Cucremy (C.10) — (C.12) HeoOXiTHO JOITOBHUTH TPAHUIHUMU
ymoBamu. Tak, rpaHUIYHUMH YMOBAaMH B INIMOMHI cymimri (X = o) €
3aBJJaHHs 3HaYeHb LIyKAaHUX MEPEMIHHUX:

my (o,y) =myg, T(w,y)=T, Wy(°°9Y)=0 (C.14)

1, MOXKJIUBO, BEJIMYMHH MOTOKIB MapH 1 TeIjIa B HANPSIMKY CTIHKH.
JlaHl MOTOKM yJaJIMHI BiJ CTIHKM MalOTh YMCTO KOHBEKIIHHY TPH-
poay i Tomy

ix(©0,¥)=pg - Wx(0,¥) = jxq, (C.15)
qX(OO’y)=cp -jx(oo,y). (C.16)

Binbm ckiajiHUM € TUTaHHS PO TPAaHUYHI YMOBHU Ha TPaHMI
napora3oBoi cyMimli ¥ KOHJeHcaTy (MpH HalMCaHHI TI'PaHUYHHUX
YMOB JUIS Ta30BOi (pa3u MO>KHA BBaXKaTH, IO TPAHMIII ra3zy 3 KOH-
JICHCATOM BIJIMOBI/Ia€ BepTUKalbHA IUIomuHa 3 X = 0). J{ns mBua-
KOCTI IIe 3BUYaifHa YMOBa NPWJIHIIAHHS, TOOTO BUMOTra 30iry KOM-
MOHEHTIB IBUAKOCTEH cyMmilli i KOHAEHCATy AOTHMYHHX /0 MOBEp-
XHI po3aiy ¢as:

Wy(0,y) = Wy (0,y). (C.17)

TyT 1 mani iHAekc "K" yka3zye Ha MPUHAICKHICT 10 KOHJICH-
cary.

HactymHoo yMOBOIO € 30epeKeHHs MOTOKY BOJH 4epe3 rpa-
HUIIO, WI0 sBIse o000 BapiaHT cmiBBigHOWIEHHS (2.67).
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3 ypaxyBaHHSM TOroO, 110 MONEPEYHUN KOMIIOHEHT LIBUIKOCTI CYy-

mimi HextoBHO Masmii (Wy(0,y) = 0), ue cniBBignomenss mae
BUJL:

om .
~Po Da—xl= ixac(0,¥) (C.18)

ne  Jx.x(0,y) — rycruHa moToky KOHjEHCATY Ha IpaHMIL i3 Cy-
MIIIIIITIO.

Takox MOTPIOHO BUTPUMATH HEMEPEPBHICTH TEMIIEPATypu —
30ir TemmepaTyp CyMillli 1 KOHAEHCATy Ha IPaHMIII:

T(0, y) = T«(0, y). (C.19)

HactynHoto BuUMoOro, siky Mu He Oy/JeMO BHUITMCYBAaTH B SIB-
HOMY BHUJI, € 30UIbIICHHS TYCTHHU IOTOKY TEIUIa Ha TPaHUIll Ha
BEJIMYMHY TETIOBUIIICHHS, 3B'I3aHOTO 3 KOH/ICHCALIIETO.

3amMuKkae rpaHUYHI YMOBU OOMEKEHHS Ha MapIiaIbHUA THCK
napu:

ml(o,y)uiP=Ps(t(0,y». (C.20)
1

Lle obmexeHHs BigoOpaxae Ty oOCcTaBUHY, 11O Tapa BOAU Ha
TIOBEPXHI KOHJICHCATY € HACHYCHOIO.

SIK BUIIMBAE 3 TPAHUYHHUX YMOB, PO3TJISL CUTYyalii y CyMimni
BHMarae 3HaHHsI XapaKTePUCTUK KOHJIEHCATy Ha TPAHMIII 13 CyMilll-
rro. Y Takwid crocid HeoOXiTHO CHUIBHO BHPINIYBAaTH 3aAadi Mpo
TEIJIOMacoOOMIH ¥ y cCywmimm, 1 y KOHJIEHCATi, NMPUYOMY TIpH
PO3B’s3aHHI 3a/1a4l PO KOHJEHCAT HEOOXITHO 3alyyaTH TPaHUYHI
YMOBH Ha TpaHMII KOHJICHCATY 31 CTIHKOI. Mu He OyneMo gopmy-
JIOBaTH TYT BimoMy 3agady HyccenbTa mpo CTiKaHHS KOHICHCATY
no miockid crinui (ii pimeHHs BimoOpaxkeHo dopmynoio (2.64).)
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Sk yxe OyJio BIJ3HAUEHO paHillle, aHaJli3 [TOKa3ye, 1110 B OCHOBHOMY
HAOJIMKEHHI MOYKHA PO3JIUTUTH 3a7a4i PO TEUil0 KOHJICHCATY 1 Cy-
mimn. [Tpyu oMy mpu po3risii CyMmimnn MOKHA MPHUITYCKaTH, 10
TeMIepaTypa Ha TPaHUIll KOHIEHCATY i3 CyMIIIIIIO 30iraeThes 3 Te-
MIIepaTyporo NOBEPXHI CTIHKH, TOOTO ymMoBa (C.19) mae Bux:

T(0, y) =T(y). (C.21)

Kpim Toro, yepes Te, m0 xapakTepHa MBUAKICTh CyMilIi 3Ha-
YHO TMEPEBMINY€ MMBUAKICTb KOHJEHCATy, TO TpPaHMYHIM yMOBI
(C.17) moxHa HagaTH OLIBII TPOCTOTO BHITY:

wx(0, y) = wy(0, y) = 0. (C.22)

Hnsa pimenns cuctemu (C.10) — (C.13) BUKOPHCTOBYETHCS
HaOJDKEHHSI IHTETPaJbHOTO mapy. B OCHOBI HOTO JIEKUTH HACTYTI-
Ha oOctaBuHa. TeriomMacooOMiH NapoNOBITPSAHOL CyMillll 3 KOHJIEH-
CaToM CYIPOBO/DKYETHCS YTBOPEHHSIM Y IPUCTIHHIN 001acTi MmIapis:

TemneparypHoro (tosumnow O1(y)) i mudysiiiHoro (TOBHIMHOW
Op(Y)) (mmB. puc. Cl). V Mexax 1ux mapis y HanmpsMKy MONEpeEK
n1apy BiIOyBaeThcs 3MiHa MapaMeTpiB CyMillli: Temreparypu (Ipu
0 <x <91(Y)), a Tako) MBUAKOCTI, CyMiIli i KOHIEHTpALii mapy

B Hili (mpu 0 < X < dp(Yy)) Bix 3HAYEHb y MIMOUHI 10 3HAYEHD HA
NOBEpXHi (y JaHOMY BUIAJKy Ha IMOBEPXHI KOHJIEHCATY). 3a Mexka-
MH IIapiB MapaMeTpHU BBAXKAIOTHCSA MOCTIHHUMU W PIBHUMU CBOIM
00'eMHUM 3HAYCHHSIM. BiHOIICHHS TOBIIMHU IIAPIB 3QJICKHUTH BiJ

BennuuHK kputepiro Jlpoica cymimi e = a¢/D. Tak, 3a ymosu
Le = 1 Bonu 36iramuca 6: dr(y) = Op(y). Y namiii curyamii
Le =~ 0,6 i Tomy, six 6yne nokazano naii, O(y) = 0,8-:0p(y).
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AT

Am

0 S1(y) Spy)

Puc. C1 - 3anexxHocTi MacoBoi yacTku napu (my(X)), Temrneparypu

(T(x)) 1 BepTHKaIbHOIO KOMIIOHEHTA MIBUAKOCTI (Wy(X)) CyMillli Bij

MOTIEPEYHOi KOOPAMHATH X IIPU (PIKCOBAHOMY 3HAUEHHI1 BEPTUKAIIb-
HO1 KOOpJIMHATH Y

Jnist onucy mpotieciB y mapi cuctema audepeHiiaibHuX piB-
HsHb (C.10) — (C.13) 3amiHsi€eTbCsl HA 1XHI 1HTETpalibHI aHAJIOTH -
3aKOHU 30€peKeHHS BIAMOBIAHUX (PI3UYHUX BEIMYMH y MIapi B IIi-
nomy. Ipu Takomy migxoxi rpanuuni ymoBu cuctemu (C.10)-(C.13)
BPaXxOBYIOTHCSI aBTOMAaTUYHO B X0 HAITUCAHHS MeX. PillicHHS Bif-
MOBIIHUX pPIBHSAHb WIYKAIOTHCS y BHJI IOJIIHOMIB BiJ 3MIHHOI
"x/Op(y)" (abo "x/O1(y)" mist TemmepaTypu) i3 HeBU3HAUEHHUMH KO-
edimieHTamu, Mo € (Tak camo, sK 1 TOBIIMHM MIapiB Op Ta Ot) cTe-
NEeHEeBUMH (PYHKLISIMU MOJOBXKHBOI KoopauHatu "y" 3 HeBH3Haye-
HUMH 3HAQYEHHSMH TIOKa3HHMKIB CTENeHs. 3HAYCHHS IMOKa3HUKIB
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3HAXOAATbCA 3 BUMOTM BHUKOHAHHS IHTErpajbHUX 3aKOHIB 30epe-
KCHHSI B IIapi.

Ha nepmomy kpomi BupimienHs piBHsHHA (C.12) 3anucyeTbes
B iHTerpaibHii (¢opmi 3 ypaxyBaHHsSM rpanudHoi ymosu (C.22)

(Wx(0, y) = 0):

Xowy (x',y) |
wx(x,y)=—jya—dx : (C.23)
0 y

10 J03BOJIE€ HaJAajl 3BUIBHUTUCS B CHIBBIJHOIICHHSX BiJ IOIe-
PEYHOT0 KOMITOHEHTA IIIBUKOCTI CYMIIIIi.

Ha nactynnomy kpoui 3 ypaxyBanHsaM ¢opmynu (C.23) pis-
asaHHA (C.10), (C.11), (C.13) iHTerpyoThCcs B MEXax IIapy 3MiHU
mBuakocted (TooTo Bix 0 10 Sp(y)). [Ipu mepeTBOpeHHSX BBaXKa-
€ThC4, 1110 Ha 30BHIIIHIN rpaHuni mapis (ToOTO npu X = dp(y) y pasi
MIBHUJIKI 1 KOHIIEHTpaIlii Ta mpu X = Or(y) y pasi Temreparypu) Be-
JUYUHU TIapaMeTpiB JIOPIBHIOIOTh CBOIM OO0'€MHHUM 3HA4YEHHSIM
(C.14). Y pe3ynbTaTi BUXOJAUTH CUCTEMA PIBHSHD:

8
6})awé(x,y) ooy [

_p, 0D
X=V +gM I(mlo—ml)dx+

o O x| 1o
ot
+2 [(Ty-Tydx | (C.24)
Ty |
% olmag _ml)wy]d __pm o (C.25)
0 ay 5x 0 ’
SJT a[(TO_T)Wy] X =-a a—TST (C.26)
0 6y t 6X 0 .
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Bupimenns piBusHb (C.24) - (C.26) nmoynHaeThCs 3 MPUITY-
IICHHS, [0 3aJIS)KHOCTI YaCTKHU TapH ¥ TEeMIepaTypu Bija Torepe-
YHO1 KoopauHaTH "X" y BiANOBIAHUX (Iudy3iiiHOMY i TemnepaTyp-
HOMY) TIEpeXiIHUX IIapax € IMOJIHOMaMHU JAPYroro mopsaky. llpm
LIbOMY BBA)Ka€ThCS, 1110 HA 30BHILIHIA rpaHuli n1udysiiiHoro mapy,

10010 Mpu X = Op(y), MacoBa yacTka Mapu J0CATAE 00'EMHOTO
3HAYEHHS Mo 1 i HE 3MIHIOETHCH:

m;(X, y) = myy,
Kle TOro, BI/IKOHy€TBCH BUMOTA.

omy _
ox

0.

VY Takomy pasi y audy3iitHOMY IIapi 3ajeXHICTh MacOBOI 4a-
CTKH TIapH BiJl TIOTIEPEYHOT KOOPJAUHATH OMUCYETHCS (DOPMYIIOIO:

2
X

my(x,y)=mpg—-Am-|1———| | (C.27)
Sp(y)

ne Am = myy — my(0, y) - 3MiHa MacoBoi 4acTKu mapu 1pu
nepeMilieHHi 3 00’eMy 710 TOBepXHi KoHJeHcallli (auB. puc. Cl).

AHaJIOTIYHO 3MIHIOETHCS Temreparypa. Ha 30BHIIIHIN rpaHu-
i TEMIIEPaTypHOTO 1Iapy BiI0YBa€eThCs IJIABHUNA MEPEXia Temrepa-
Typu 110 ii mocTiiiHOro 06'eMHOr0 3Ha4YeHHs, T06T0 mpu X = O7(y)
BUKOHYIOTBCS CITiBBiTHOIIICHHS:

oT _

—=0.
ox

T(x,y) =T,
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VY 3B'3Ky 3 ITUM TeMIlepaTypHa 3aJIeKHICTh y IIapi ONMUCYETh-
cst GopMyIIOFO:

2
X
T(x,y) =Ty —AT- |:1 - i| , (C.28)
’ S(y)

ne AT =T, - T(O, Y) — 3MiHa TeMIlepaTypH [pu mepeMileH-
Hi 3 00’eMy 110 HOBerHl KoHzeHcary (puc. Cl1).

TeMnepaTypa 1 MacoBa yacTKa Mapy Ha TPaHUIl 3 KOHJCHCA-
TOM 3B's13aH1 Mixk coOoto criBBigHomeHHs M (C.20). Sk yxke Bia3Ha-
4ajocs, B OCHOBHOMY HaOJMXeHHI BUKOHYEThCsl opmyna (C.21).
Tomy Hanaii, BBaskarouu temneparypy crinku (T¢) cramoro, mu no-
BuHHI B criBBigHomeHHs X (C.27), (C.28) npumyckaTy HE3MIHHICTb
senmurH Am i AT. Octanns o6ctaBuHa 103BOJISIE, TOMIHSBIIN TIO-

Ny, N

psnok iHTerpyBanus mno "X" i audepenuiroBanns no "y" i BpaxyBa-

i ymoBy Wy(Op(y), ¥) = 0, npusecru cucremy pisasiab (C.24)
—(C.26) o OLIBII TPOCTOTO BHUILY:

o
D ow. |°D
— j'wg,(x,y)dx —v—Y +§ H2 ~H1 Am dop(y) |+
dy 0 aX 0 3 H1
g| AT
+2[—206 C.29
3[T0 T(Y)} (C.29)

) 2
d| P X D
— w (x,y)(l— j dx =2 , (C.30)
dy[ { Y 3p(y) Sp(y)
4
dy

ST X 2 a
) dx |=2 C.31
£ My y)( ST(Y)J T e
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3anexHICTh MOJIOBXKHBOIO KOMIIOHEHTA IIBUIKOCTI CyMIilli

(Wy(x,y)) BiJl KOOPJIMHAT LIYKa€MO y BHUJI JOBUTBHOTO KyOi4HOTO
nojiiHoMa 1o y. Bpaxysanus ymoBu (C.22) Ha rpaHuIll 3 KOH/IEHCa-
TOM 1 TUTABHOTO 3aHYJICHHS TOJIOBXKHBOI IIBUIKOCTI Ha 30BHINIHIMN
rpanuui wapy (mpu X = Op(y): Wy(X,y) = 0 i Owy/0x = 0) na-
Ja€ 111 3aexHOCTI hopMmy:

2
Wy (%) = u(y) = } (€32)

X .[1_
Sp(y) Sp(y)

Hesinoma ¢ynkiis u(y) Mae ceHC XapakTEpHOI IIBHIKOCTI
Tedii cymimn y310Bx audysiiiHoro nepexigHoro mapy. g ¢yHk-
1is, K i TomHEn nepeximaux mapis Op(y) i Op(y), mykaerses 3a

JIOTIOMOT 010 MiACTaHOBKM cmiBBinHomeHHs (C.32) y cucremy piB-
HsHb (C.29) — (C.31). Y pe3ynbTari BUXOJAThH CIiBBIIHOIICHHS:

2 —
i[u SD}Z_VL+§|:MAHI5D+£6T},(C.33)
dy T

105 dp H1 0
i(ustJ:ZR, (C.34)
dy\ 30 8p

2 2

dJudt |5 401 (01 |[l_53 (a5

dy 608]) SD 8]) ST

Bupimenns cucremu (C.33) - (C.35) urykaemo y Buji CTyne-
HIB ITOJIOBXHBOT KOOPAMHATH Y

u(y)=a;y™, 8p(y)=ayy" 2, 8p(y) =a3y"3,(C36)
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3 HEBM3HAUYCHUMHU KoedillieHTaMu aq, 4, 43 1 CTyneHsMu Ny, Ny,

nj3. ITligcranoska (C.36) y (C.33) - (C.35) mepeTBOpro€e CUCTEMY
TudepeHIiaTbHUX PIBHAHb Ha anrebpaiuHy, NpUUOMY Biipasy K
JI03BOJISIE€ BU3HAYNTH 3HAUYEHHS CTYIICHIB!

n; =1/2, n,=n3=1/4. (C.37)

ToBmmHM TemmepaTypHOro W Iu(dy31HHOTO IapiB BUSBIIS-

I0ThCA NOIOHMMH, a ixHe BigHomenns b = &1/0p = az/ay 3ano-
BOJIBHSIE PIBHSHHIO:

b*-(b* - 4-b +5) =2-Le, (C.38)

ne Le = a¢ /D — xpurepiii JIptoica.

BianosigHo nmo piBusHHS (C.38) BigHOIICHHS TOBIIWH IIIapiB
(b) siBsie c0O60I0 MOHOTOHHO 3pocTarouy (QyHKUi0 mapamerpa Le.
[Ipu Le = 1 ToBImMHM TemnepaTypHoro i audy3iitHoro mapis 30i-
ratotecs (b(1) = 1), mpu Le = 0,59 (w0 BiAmoBimae teMmmeparypi
napomnoBiTpssHoi cymimi t = 100°C) b(0,59) = 0,78, npu Le = 0,57
(uro BignoBigae Temmneparypi cymimi t = 60°C) b(0,57) = 0,77.

Koeditientu a; i a2 3370BOJIBHAIOTH CUCTEMI PIBHSIHD:

2 N
atan_ g,
84 a
C.39
, . (C.39)
a1 a» 2
80 a ’
J
y SIKifl yBeIeHEe O3HAYEHHS:
f:g.(MAm+bA_TJ_ (C.40)
3 151 To

248



Pimenns cucremu mae BU:

1/2
a; = 80—20 f , (CA41)
— 4+ Pr
21 D
1/4
@-I-PI'D
a, =D!/2| 8021 , (C.42)

ne Prp — mudysiitnuit kputepiii [pangmsa (Prp =v/D) (inma
iforo Hassa — umcino Ilminra Sc).
Bupa3s i3 BU3HAUYCHHS I'YCTHHH TOTOKY BOSHOT MapH, IO I0-

najia€ B KOHJICHCAT, MOXKHA 3aIllMCaTH, BUKOPUCTOBYIOUHM CITiBBiJI-
HomeHHs (C.18) 1 (C.27):

Am
Sp(y)

Jx(0,y)=-2pg D- (C.43)

Tonxi cepenne ii 3Ha4eHHS Ha IUISHIN BHcoTorO L, Bimpaxo-
BYIOUH B1Jl BEPXHBOT'O KpPalo CTiHH, 3 ypaxyBaHHsIM ¢opmyi (C.36),
(C.37), (C.43), mpeacTaBuMO y BH/I:

L

. |

Jeep =7 [Ix(0:)dy =2 pg - D-
0

Am.IJf dy
1/4°
022 y/

o 3 ypaxyBaHHsAM criBBigHOmeHHs (C.42) micist iHTETpyBaHHS
nae:
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. Am
Jeep =~NUp.cep *Po D~~~ (C.44)

ne NuD.cep — cepenHe 3HavYeHHs nudysiitHoro kputepito Hyc-
cenbra (iHma Hasa — uncio llepsyna Sh), sxuit Moxna 3anucaru
y BUI:

B q1/4
4 B27M A+ b iT
Nup,cep=——— | GaPrj H 120 01 | (cas)
31
—+ PI'D
L 1 =
3
ne Ga= % — kpurepii Famines.
A%

nn

3Hak y Bupazax tuny (C.44) ykazye Ha Te, 11O MOTIK
CTIPSIMOBAHO Yy OiK 3MEHIICHHS KOOPAWHATH X, TOOTO JI0 TMOBEPXHi
KOHJIeHcallii.

@®opmymu (C.44), (C.45) MoxHA TIPUBECTH A0 BHIY OLIbII
3py4HOro Juist Bukopuctanus. [lo-nepie, Bpaxyemo, 110 B MPAKTH-
i TIOKEKOTACIHHS BOJASHOIO TAapO0 3BHYANHO MPOXOAUTH TPH at-
Moc(hepHOMY THUCKY, TOMY, BUKOpUCTOBYtouu ¢opmyny (C.5), Bu-
KIII0YUMO TycTuHy 31 crmiBBigHomeHHs (C.44). [Tpu poMy OyieMo
BBAXKaTH, 1110 TUCK 30iraeThes 3 Hopmansuum P = 101,3 kI]a.

[To-apyre, BMicT mapu Oy1IeMO BUpaxkaTH B 00'€éMHUX YacTKax
I'y, BUKOPUCTOBYIOYH JJISl 1IbOTO BIIOMY IE€pEpO3paxyHKOBY (op-
MyJIy CyMilli i/ieaJIbHUX Ta3iB:

Am=&ArzﬁAr=§Ar ,
29

H 25)
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ne Ar — 3mina 06'eMHOI YaCTKM mapu IpM pyci cymimni 3 Tiim-
OWHU J10 TIOBEPXHI KOH/ICHCATY, OI[IHIOETHCS CITiBBITHOIICHHSIM

Ps(te)

Al‘=l’10— P
0

(C.46)

[To-Tpete, Bpaxyemo I1aBHYy 3MiHy Koedilienta qudysii npu
3MiHI TemmepaTypu cymimn. [[jst mapu Boau B MOBITPI Taka HAOJH-
YKEeHa 3aJIeKHICTh Ma€ BUJI:

1,8
Dz3,31-10_5(%j el (C4T)

[To-ueTBepTe, CKOPUCTAEMOCS THM, 110 3AJIEKHICTh HapaMeT-
pis b i Prp Bin temneparypu cnabka. Bynemo BBakarH, IO
b =0,78, a Prp = 0,40.

[TincymkoBa popmyina Oyae MaTu BUA:

0,25
. 2 Ar AT )~
Jeep = 0711072 ———— | Ar+ 2,1~ | kv,
L™ T()’ T()
(C.48)
ne AT = Ty — T, - pisuug mix TemmepaTyporo cymimi B

rMOuHI 00’ €My 1 TeMIIepaTyporo MOBEPXHi CTIHKU.
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