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Ximiku - ye mi, xmo OilicHO
PO3YMIE, IK YAAULMOBAHUTL C8IM.
Jaiiayc [oninr,

JBidi Jaypear Hobeniscbkol mpemil

NMEPEOMOBA

GynnameHTapHa iHXeHepHa HayKa, 10 BHBYAE
TEOPETH4HI Ta IHKeHEPHI OCHOBH NMPOUECiB XiMiYHOT
TEXHOJIOTI], a8 Takox OyAoBy, NpUHUMIK POGOTH i
METOAH TEXHOJOINYHUX PpO3PAXYHKIB THIIOBOTO i
HecTaHAapTHOro oOmajgHaHHS XiMiYHMX BUpOO-
HMLTB, TpajuuiiiHo Ha3zuBaeTrbes “TIpoumecu Ta
amapatd XiMiunol TexHosorii”. [lpuHuMIHM TOGY-
oM Kypey “Ilponiecu Ta amapatd ..., a TaKkox Kia-
cudikauio MpoueciB XiMigHOT TeXHONOTIT Brepiie
zanponoHyBaB y 1897 p. BHAaTHHH pPOCIHCBKHI
ximMik [J.I.Menpenee y kumsi “OcHoBu (habpuuHo-
3aBOJICBKOT IPOMMCIIOBOCTI”.

[Mporarom OaraTboX NECATHIITH Wi MOKONIHHSA
XIMIiKIB-TEXHONOTIB i MeXaHIKiB XiMiYHUX BHpOO-
HHLITB BUBYAIM L0 AHMCUMIUIIHY 3a QyHIaMeHTalb~
HuM nigpy4yuukom A.I.Kacatkina “OcHoBHI mpore-
CH Ta anapaTh XiMiuHol texHoiorii”. CeOroAHi I
KHI)KKa, He IOHUBASYACH Ha OaraTokpaTHi MepeBH-
IaHHA, CTaja NPaKTHYHO HEJOCTYITHOK IS CTYIEH-
TiB 3 6ararbox Npu4MH. 3a POKH, WO NPOKIUIH Micis
OCTaHHBOI'O BHIAHHA KHWKKHM, BiOynucs 3HaUHI
3MiHHM SIK y DPO3BHUTKY CaMoOi JHCLMIUTIHH, TaK i B
HOBHX HAayKOBHX i iH>KEHEpHHX IOCATHEHHAX WIONO
mporneciB xiMiyHo! TexHonoril i XiMiuHO! TexXHiKH,
ToMy BHHHKIA HeoOXimHICTH NEPErNAHYTH i JOIOB-
HHTH iHQOpMaLi}0 HOBUMH MAaHHMH, MEPETTIAHYTH
METORUYHEMI MiAxig 80 BUBYEHHS PO3IiNB Kypey Ta
IIOCUIIMUTY HANpsSM LIORAO MOXIIHBOCTEH CaMOCTiH-
HOrO BHMBYEHHS Lie] cxiagHol IHCUMIUIIHU B YMOBaX
OUCTAHIIHHOrO HABYAHHS,

ITepedmosa



3a OCTaHHE NEecATHPIYYS, BHACTIIOK CTBOPEHHS HOBMX HE3AJTEHKHHX
JeprKaB, 3MIHWIKCA NPIOPUTETH B PO3BUTKY cleuiaabHOI OCBITH, paKTHY-
HO TMOBHICTIO 3YMHMHMIOCH HAMXOKEHHS B YKpaiHy CIieliaibHOl TeXHIYHOT
HaYKOBOI 1 HaBYaJIbHOI NiTepaTypH. KpiM TOro, 3aKOH npo MOBY, IIO Ji€ B
Vkpaini, 30008’ s13y€ BHKJIAJATH TEXHIYH] AMCLUHIUIIHA JEPKaBHOK MOBOIO.
B ymoBax roctporo ne¢iluTy HaBYANbHOI TEXHIYHOT JITepaTypH Ta BIACYT-
HOCTI KOWTIB Ha iI MpHAOaHHs, BIACYTHOCTI cTanoi TEXHIYHOI TepMiHOJIO-
rii, HETOTOBHOCTI BHJIABHHLTB A0 BHAAHHA TEXHIYHOI JIITEpaTypH yKpaiH-
CbKOIO MOBOIO BHHHKIA roctpa npobiema, 1o npumyinye $paxiBuis 3atpa-
YaTH BEJIMKi 3yCWIA Ha NMIATOTOBKY HOBHX HaBYalbHHX NOCIOHMKIBR yKpa-
{HCBKOIO MOBi, B AKHX Yy cTuciiii dopmi, ane 6e3 1IKOAM AN CYTHOCTI,
BHKJIaJa€Thes HeoOXiZHA HayKoBa i HaBuyasbHa iHdopMaLis IOA0 CBITOBUX
AOCATHEHB HAYKH 1 TEXHIKH B OKPEMHX CHELialbHUX Tally3sX BHPOOHHULTB i
[IPOMHCIIOBOCTI.

VY HaByYaNbHUX IUTAHAX MIAroTOBKY Oakanampis, ¢aXiBHiB i MaricTpis 3i
crientianpHocTi “O0NagHaHHA XIMiYHHX BHPOOHHIITB 1 MiAIpHEMCTB Oy -
BeJIBHUX MaTtepianiB” HaBuajgpHa aucnuruiiHa “Tlpouecn i1 obGmagHaHHA
xiMiqHOI TexHoJoTii” 3aiiMae mpoBifHE Miclle, OCKINBKH BOHa € 5a30BOI0
JUISl BUBYEHHS KOMIUIEKCY CrienialbHUX IUCLMIUIIH, 110 GOPMYIOTh KBami-
¢ixanifinuii pisens paxisua. Kype “Ilpouecn i obnannadng ...” 6a3yeTbes
Ha (QyHJAMEHTATBHHX HAayKOBHX 1 [IPAKTHYHHMX MOCATHEHHAX JIIOACTBA Y
BUBYEHHI MPHPOJAHHYHX HAYK i BUMAra€ JOCTaTHbO EMHUX 3HaHb B rajly3sx
bi3ukH, XiMil, MATEMaTUKH, TiApOJHHAMIKH, TEpMOIMHAMIKY Ta iH. Y Kypci
CTYLEHTU AOJIaTKOBO BHUBYAIOTh HOBI 00nacri 3HaHbL, OPIEHTORAHYX Ha
BHKOPUCTAHHA iX y XiMi4Hil TexHOMOTIT T2 TEXHIL.

Ha 6as3i oTpiMaHUX 3HaHb GopMyeThecs (PaxiBellb, IO 3NATHHH BUKOHY-
BaTH poOOTy KOHCTPYKTOpa 3 XiMi4HO! TeXHIKH, MalicTpa i3 peMoHTy obna-
JHaHHA, MeXaHika LeXy XiMiuHOro BHPOOHMIITBA, IH)KEHEPHO-TEXHIYHOrO
npauiBHUKa XIMIYHOTO TignpueMcTBa abo LEXy CHeliani3oBaHOrO Mariu-
HOOy/MiBHOTO 3aBOXy, MOCHiAHUKA i po3poOHHKA HOBOI TEXHiKM, (axiBis
HayKOBO-A0C/1HOT 1abopaTopil 4M iHCTHTYTY.

MerTor0 1aHOTO HaBYANILkHOTO MOCIOHMKA € CUCTEMATH3allisl HaBYAIbHO-
ro Matepiajly OO0 riJpOMeXaHiYyHUX NpPOLECiB Ta 0ONagHAHHA XiMIYHUX
BUPOOHMUTB 1 HaJaHHA METOAMYHOI JOTIOMOTH y BHMBYEHHI CleianbHOi
iHKeHepHO! JUCLUILIIHH CTyAeHTaM, U0 HABYAIOTHCA 3a CHENialbHICTIO
7.090220 Ta crienianizyroThes B ranysi npouecis Ta o61agHAHHA XiMiYHUX 1
HagTonepepoOnux BUpoOHHLTB. HaBuanbHuil nociGHIK Moxe GYTH Kopuc-
HMM 1 CTyAEHTaM, WO CHeliani3yloThes B Tanysi XIMIYHHMX TeXHOJOorii
HEOPraHiYHHX BUPOOHUIITB,

IMepedmosa 5



Hapuanbuuii mociOHHK Mae jpa po3lind: 1) OCHOBHI IIOJIOXEHHS Ta
HaykoBi ocHoBH Kkypcy [TOXB; 2) rimpomexaniumi mpouecH Ta oGnaj-
HauHA. [To cyTi nociOHMK € mepuIo0 YaCTHHOIO i3 TPHOX, WO CKIJAioTh
¢GyHIaMEHT Kypcy npolieciB Ta 0O0NnagHaHRA XiMi4HMX, ra3o- i Hadronepe-
poOHHX BUPOOHHLTB.

ABTOp mHUpo MsKye peueHsenTaM npod. O.P.Sky6i ta kadenpi ximiunol
TEXHIKH 1 MPOMHCIOBOI eKoNorii XapKiBChbKOTO AEPKABHOrO TEXHIYHOTO
yHiBepcHuTeTy (3aB. kadenpH, npod. B.I1.lIanopes) 3a npawio, nos’s3any 3
peLeH3yBaHHAM PYKONHMCY, Ta 3a LiHHI 3ayRaKeHHA 1 peKOMeHpawii, 1o
CIPHSIN TTOKPAIIEHHIO 3MICTy KHHTH.

PozyMitoun, o 1 KHMra He no3basieHa HeAOMiKiB, aBTop Oyae WHpo
BAAYHHN 4MTayaM 32 KPUTHYHI 3ayBaXKCHHS, MPOMO3MLUII 1 mopaad moxo
HOJHMIIEHHA 11 AKOCTi 1 3MicCTY.

6 Ilepedmoea
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Po3Ain 1

OCHOBHI ITOHATTA 1 3ArAJlbHI
3AKOHOMIPHOCTI [TPOLIECIB

Y ybomy posoini...

Lewo npo npoyecu dns 6azamsox MexXHON0zIl.
IIlo yue makxe - mexHo02iuHe 0OIA0HAHHA?
1o posymitoms nio napamempamu npoyecy?
o pobumu 3 OCHOBHUMU 3aKOHAMU Npupodu?
SK npaytoe OCHOBHUL KiHemuuHull 3aKoH?

Sxi npoyecu 6yearoms i sike 001AOHAHHS 0N
U020 HEeobXIOHO?

¢ Pospaxysamu anapam - ye He makx npocmo!

* & ¢ S &

1.1 3micr i 3aBpanus xkypey “Ilponecn i obgagnanns...”
OcHOBHI MOHATTH | BH3HAYEHHSA

CyuyacHe pO3BHHYTE CYCIIJIbCTBO HE MOXKE ICHYBAaTH H YCIILHO pyXa-
THCH Briepejl 0e3 BUTOTOBNIEHHA 3ac00iB BUPOOHHMITBA 1 TPEMETIB CIIOKH-
pandsa. HaiiGinpl panioHanbHUM | NPOrpecHBHUM € NMPOMHCIOBE BHPOO-
HHUTBO, sike HaHOinbLIOK Miporo 3abesneuye nMoTpedu CycCIiabCTBA BUCO-
KOAKICHUMH BHpoDaMH, NpONYKTaMH, TOBapaMH, MallUHAMH, obiagHaH-
HAM 1 YCTATKYBaHHAM.

TpoMucioBe BUPOGHHLTBO 1OB’A3aHE 3 BUKOHAHHAM 0araTtboX MeBHHUX
BHUPOOHHYHX OmepaLii i NpoLeciB.

Ilix omepauicw po3yMiloTh LIIECHPAMOBaHUH MeXaHIYHHH BIUTHE
Ha Marepiaiu, pedoBHHY abo NMPOAYKT, siKi 06poGIAOTECA, 1 WO IPH3BO-
IUTh 10 3MiHH 1X dopMmH, 06’eMy ab0 30BHINIHBOTO BMIUIAAY, ajle He
0B’ s13aHe 31 3MIHOIO XIMIUHMX BracTuBOcTeH MaTepianis. Tak, y MalwmHo-
OymysaHHi MeTaneBa 3arOTOBKA B pe3yJIbTaTi HU3KHM NIOCHIAOBHUX MeXaHi-
YHHX Orepauiil NepeTBOpPIOETHCA B MOTPIOHY meTanb. Y TipHM4oa00yBHIH
IpOMHCIIOBOCTI 100yTa pyda miagaeTbes MexaHiuHilt mepepobui: moapi6-
HIOBAHHIO, NMPOCIIOBAHHIO, COPTYBAaHHIO, IOAULY HAa KJIAcH, 30arayeHHIo
i 1.1 Takl Ta iHwi moaiGHi onepaunii BiAHOCATL [0 MeXaHiYHOT TexHo-
7orii, IpH BUKOPHCTaHHI AKoi NepBuHHI a00 BTOPHHHI MaTtepianu 3a3Hal0Th
IIPUMYCOBOT MEXaHIYHOT 06pOOKH.

OcHosHi noHsmms | 3a2a1bHi 3aKOHOMIpHOCMT npoyecia 9



[Tig npomecom po3yMilOTh HH3KY MOCHIZOBHHX 1 3aKOHOMIPHHX BILIH~
BIB 1 3MiH, OB A3aHUX i3 (Qi3HKO-XIMIYHUMH TNEPETBOPEHHAMHU B CKJIATHHX
CHCTEMaX, MepPepo3NOAIOM CKJIAJOBUX CHCTEMH i 3MIHOIO 11 napaMeTpis,
10 TIPHBOJATH KO HaOyTTS HMUMH HOBHMX BlacTHBOCTeH. Y mpotieci dizuko-
XIMIYHOT IlepepolOKH MaTepiald MOXYTh 3MIiHIOBATH HE TiNBKH 30BHILIHIH
BUIJIAM, ale TaKOXK arperaTHHi CTaH i XiMIYHHI cKia.

CyxkynHuicTh onepauiif i npouecis, siki rIOTpi6Ho BUKOHATH TIPH IEpepo-
611i CHPOBHHU y BHpOOU, HaniBabpukaTH abo LibOBI NPOAYKTH, BU3HA-
YeHHs IOPAAKY 1 3HAXOMKEHHs HaiOinblle eeKTHBHUX 3aco0iB 1X Mpose-
JEeHHS BHBYA€E TEXHOJOTisl — Hayka Iipo $ax, pemecio.

3a BuzHaueHHAM akag. M.M.KasopoHkoBa “...TexHoJIOTifl - L€ Hayka
Mpo HaWOIIBIT eKOHOMIYHI MEeTOIU 1 mpouecH epepodKH cHpuX MaTepia-
JIiB y IPEAMETH CNOKHBaHHA i 3ac001 BUpOOHULTBA”.

IcHye BenWue3Ha KIiNBKICTH CHENiANbHUX raly3eBUX TEXHOJOrH, wo
3a0e3neyyloTh nepepodKy CHPOBHHH i MIHEPaJIBHHX PECYpCIB Yy pi3HOMa-
HITHI MaTepiainy, HamiBdabpuKaTH, KOPUCHI pedi, peYOBHHH, a TAKOXK BU-
pOOGHHUTBO Pi3HOMAHITHHX IPOAYKTiB, TOTOBHX BHpoOiB, peaMeTiB moby-
Ty, MalUHH Ta 00NafHaHHA, eHEeProHociiB i 3aco0ip 3abe3meyeHHs 1 oXopo-
HH JKHTTERISIBHOCTI Ta iHm. SIK npHKIal, MOXHA Ha3BaTH TEXHOJOTIl
MaUTMHOOY IyBaHHsA, NPOMUCIOBOIO 1 XHTJIOBOro OyAiBHHITBA, CHEPTETH-
4HY, XiMiuHy, HadTOXiMiuHy, MeTamypriiiHy, rizpoMeranypriiiHy Ta Tex-
HOJIOTi¥0 XapYOBHX [IPONYKTIB 1 Oarato iHIIHX.

V kypei “Ilpoltecr Ta obnaaHanHs XiMIUYHHX 1 HadTonepepoGHHX BHPO-
OHMUTB” BUBYAIOTHCH TEXHOJIOTIYHI MpouecH, MoB’s3aHi 3 XiMiduumu,
HadTOoXiMiuHHUMH, ra3o- Ta HadTonmepepoOGHHMH TEXHOJOTI-
SIMM IS [iepepoOKH CHPOBHMHM i Pi3HOMAHITHUX PEYOBHH y HaIlBIIPOLYK-
TH 1 IPONYKTH, fKi BHKOPHCTOBYIOTHCA B HapOJHOMY TrOCIOZApCTBI, B
[HIIHX TATy39X NPOMHCIOBOCTI.

Mexaniyni Ta (i3UKO-XiMiuHi TEXHONOTIYHI TMPOLECH NPOBOIATEH i3
BHKOPUCTAHHSIM 06JagHaHHA — CYKYNHOCTI amapaTiB, MeXaHi3MiB i
MallliH, [0 I03BOJIAIOTE pealli3yBaTd Pi3HOMaHITHI NpOLECH B HeoOXia-
HOMY PeXHMi Ul NOCATHEHHS [10CTAaBIEHOT METH.

AnapaToM Ha3HBaIOTh CTATH4He 00JaJHAHHA MICTKICHOTO THIY, SIKE
3allOBHEHE DISHUMH NPHCTPOAMM 1 NMPU3HAUEHE ANA MPOBEACHHS OIHOTO
abo nekinbKOX creludiuHWX TEXHOJNOTIYHHX IpOLEciB NMpH mepepobui
pobounx cepelOBHIL (HanpHKIal, OZHOAPYCHHH BIACTIHHHK, (inbTpy-
BaJILHUH anapat, BUMAPHUIT anapaT Ta iHIi).

MexaHi3MOM Ha3MBAIOTH CYKYITHICTh 3’€IHaHHX MiX c000I0 pyxo-
MHX AeTajiedf 1 JIAHOK, 1O BHKOHYIOTh OAHOTUIIHI, 3a371aIerib NpU3HaveHi
PyXH Ta Ail (Hanpuknaj, KpHBOUIMNHO-IIATYHHHH MEXaHi3M MOPLIHEBO]
TIOMITH, MEXaHi3M 3aKpUBAHH KPHUIIKY anapara Ta iH.).
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MawuHa — 3 e¢lHaHAA PYXOMUX i HepyXOMHX AeTaiel, By3miB i Mexa-
Hi3MiB, NPHU3HAYEHHX JUIA BUKOHAHH] OKPEMHX ONepalid i npouecis 3a
AOIOMOIOI0 MEPEeTBOPEHHS MEXaHIuHOi, TiApaBaiuyHoi abo ejeKTpHYHOL
eHepriil B KOpHCHY poboTy (Hampukiaj, BiAcTiiiHO-1IHEKOBa HeHTpUdYTa,
BHXOPOBHII Hacoc, FTBUHTOBHH KoMIpecop, OapabaHHa cyluapka Ta iH.)

Arperar, ycTaHOBKA — CYKYIHICTb anapariB, MEXaHi3MiB i MaLluH,
3’€qHaHUX [IEBHUM YHHOM 1 y BU3HAUYEHIH IOCITiJOBHOCTI, A8 NPOBEAEHHSA
HW3KH MpH3HAYEHHX NPOLECiB (HAMPHKIa, CyUIMABHAN arperat, GilbTpy-
BAJbHA YCTAHOBKA, OMPICHIOBAJILHA YCTAHOBKA Ta iH.).

YeraTKkyBaHHAM HAa3UBAIOTh KOMIUIEKC JOIIOMIKHOTO OONagHAHHS,
1[0 OB’ A3y € Pi3Hi arperaTy Ta MallMHK B €AMHHH KOMIUIEKC Ta 3abe3nedye
(GYHKIIIOHYBaHHS CKJIAJHOIO arperarty Ijs BUIICKY FoTOBOI npoaykuii. do
YCTaTKyBaHHS CJIifi BITHOCHTH TPyOONpPOBOAM, PETyIIOlOdy Ta 3allipHy
apMaTypH, KOHTPOJIbHO-BUMIPIOBANIbHI IIPHNIAJH Ta iHIIE.

CyvacHi MPOMHCIIOBI TEXHOJIOTI] OXOMUNHK yci BUAM AISUIBHOCTI JIOACH-
KOTO CYCITIBCTBA 1 0B’ 43aH1 3 TEXHOTEHHHM BIUIMBOM BUPOOHHYOT Hislib-
HOCTI Ha IPHPOAY T4 HABKOJIHLIHE CEPEAORHILE.

ToMy mnapanessHO 3 BHUpIIIEHHAM 3aBJaHbh BHpOOHHYO! OisIBHOCTI
HeoOXIi/iHO RUPILIYBAaTH NUTAHHA 3aXMCTYy HABKOJMIUHBOIO CepelOBMIIA,
po3po0NEHH | BIOPOBAa/KEHHA NPHPOJOOXOPOHHHX TEXHOJNOTiH, sKi
JO3BOJISIIOTE 3HW3HTH BIUIMB Ha NPHPOAY HECHPUATIAHBOI TeXHOTECHHOI
JiSTBHOCTI JIIOAMHY, PaliOHATbHO BUKOPHCTOBYBATH HPHPOAHI pecypc,
CTBOPIOBATH i BIPOBAIXKyBaTU MaJIOBiIXOIHI, pecypco3bepiraiodi TeXHO-
JI0Ti1, CTBOPIOBATH HOBI 3pa3ky €PEeKTHRHOT XiMiYHOT TEXHIKH.

OnHo4acHO Ha nepeaHiil MIaH BUXOAATH 3aBAaHHA 3MCHIIEHHS €Hepro-
BHTpAT Ha NMPOBENEHHA TEXHOJIOTIHHHUX NMpoNeciB Ta 36epexkeHHs HEBiTHOB-
JFOBAJIBHHX €HEpropecypcis, TOMY IO XiMiyHa i CIIOpinHEHi TexHOoIorii B
LinoMy ¥ yCTaTKyBaHH:, iK€ 3aCTOCOBYIOTH JiJId MIPOBENEHHS IMpPOLECIB, €
Ny’K€ €HEPrOEMHHUMH, TOMY pAalliOHaJbHA OpraHi3alifs TEXHOIOTiYHOro
npouecy, BUOIp edeKTUBHOTO 00NaAHAHHS JAOTh HAHOINBLI CYTTEBY €KO-
HOMIIO EHEPTOPECYPCiB.

Bpaxosyloun BuKIaJeHe, 3a3Ha4YHMO, 110 HaByaHHA ¢daxiBuiB 3a cneli-
ami3auisMM, MOB’A3aHMMHM 3 OOJafHAaHHAM Ui XiMiYHHX i Hadro-
nepepoOHUX TEXHONOTIH, BUMarae TakoX BHKJIAJaHH WIJIOTO psgy AOHaT-
KOBHX JUCLMILTIH, 3HAaHHS SKUX 1aBa 6 (axiBusM MOXIHBICTE TPaMOTHO
BUDIWIYBaTH HE TiNbKH BHPOOHWYI mpobiaemu, a N 3aBAAHHA 3aXHCTY
HAaBKOJHIUHLOTO CEPENOBULIA, IO HA CHOTOAHI € TOJOBHHMH COLiaJBHO-
CKOHOMIUHHMH, HApPOJHOTOCTIOAAPCHKHMH 1 HAyKOBO-TEXHIYHHMHM IIpO-
OleMaMH CYy4YacHOCTI.
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Kype “Hpouecu i 06nagHanHs ...” € CleUiaNbHOK POBIIHOI0 HaBYallb-
HOK AUCIMIUTIHOI, Y SIKii BHBYAlOTbCA OCHOBHI (i3HKO-XiMi4yHI 3aKOHO-
MIPHOCTI CIifBHUX Uit GaraTboX BUPOOHHITB TEXHONOTIYHHX MPOLECIB,
METOIM IX PpaIiOHAJLHOTO AanapaTypHO—TEXHOJNOTIYHOTO oGhOPMIIEHHS,
TEXHOJOTIYHUX PO3PaxyHKIB IapaMeTpiB IpoLecy, 3aco0H CTBOPEHHS
ONTUMAJIBHUX YMOB IIPOBEICHHA MpolleciB, MPHHIMIN OynoBH Ta pOGOTH
o0JlafiHaHHsA, OCHOBH TEXHONOTIYHHX PO3PaxXyHKiB i KOHCTPYIOBaHHA TUTIO-
BOT 1 HECTAHZAPTHOT XIMIYHOI aNapaTypH JUIA IPOBEAEHHS WX MPOIIECIB.

B ocHOBy Kypcy, AKHit BUBYAETbCSA, 3aKIafeH] (pyHIaMeHTanbHl JOCAT-
HEHHs HAYKH i TEXHIKH 3 OCHOBHHUX MpPOLECIB, ariapaTiB i MamuH XiMIUHHUX,
HadTOXIMIYHHX, ra30- 1 HahToNepepoOHHX Ta HIMHMX CIIOpPiIHEHUX BHPOO-
wuawre. i 3106yTky BUkIaneHi B OaraTbox mifpyyHHkax i MoHorpadifx
BigoMux Buennx: npod. A.I'.Kacartkina [10], wi.-kop. AH I1.I".PomankoBa
[22], mpod. H.1.Tensnepuna [4, 5], akan. B.B.Kadaposa, npod. B.b.Ko-
rana [11], akan. O.M.Kyrenosa, npod). O.M.ITnanoscskoro [17, 18] Ta iH.

Cepen 3aKOpJOHHHX BUYEHHX, 10 3pOOHIH BAarOMHH BHECOK Y PO3BHTOK
HAYKH TpO NpOLECH Ta amapaTH, BioMi cBOiMH TpausMuH Mak-Anamc,
Lk eppi  [16], S.luGopoecekmit [29], T.llepsyn [30], C.bpert-
wHakaep (1], T.Xobaep Ta in.

Kype “TIponecu i o6nagHaHHA ...” 0a3yeThcs HAa 3HAHHAX, OTPUMAHUX
CTYACHTaMM B Kypcax MaTeMaTHKH, Gi3HKH, OCHOB TEXHIYHOI MEXAHIKH,
3araabHol i (isuyHOl XiMii, MaTepiallo3HABCTBA TiPaBIiKH, TEMIOTEXHIKH,
ta 6araThoX iHIINX.

VY kypci “IIpouecy i o6nanHaHHS ...”" BHKOPUCTOBYIOTHCS OCHOBHI ¢i3H-
KO-XiMIUHI 3aKOHH NPHUPOAM, 3aKOHH 30eperKeHHS 1 epeHeCeHHs MacH Ta
eHepril, 3akoHH (Pa30BHX MMEPETBOPEHB, 3aKOHH MaciTabHOro nepexony Ta
iH. YBech KOMIUIEKC PO3AiniB i IMTaHb, AKi BUBYAIOTHCA Y Kypci, NOBHHEH
3a0e3NeYnTH IiIecTpAMOBaHe HABYaHHA 1 MATOTOBKY KBalidikOBaHHX
¢axiBLiB 1 qaTH 3HAHHS, HEOOXIJHI 1 JOCTATHI A ONpALIOBaHHA 1 PO3p06-
JIEHHS HHMH TEXHOJIOTiH, palioHANbHUX TEXHOJOTIYHHX CXeM arperaris i
YCTaHOBOK ANl PO3paxyHKy i aobopy HeobximHoro obnaaHaHHA, And rpa-
MOTHOI eKcIuTyaTalii TeXHIYHHX O0’€KTiB, IUIi NPOBENEHHS HAYKOBUX
JOCTiIKEeHE, CTBOPEHHS HOBMX TPOIECiB, TEXHOMOTH Ta 061aHaAHH.

Kypc “Ilponecu i obnagnanns ...” 3aBepIye 3aTalbHOIHXKECHEPHY Mij-
TOTOBKY CTYIEHTIB i € 6a20BUM I BHBUEHHSA (axoBHX Ta TpodileHUX
CleliajbHUX HABHAJIBHUX AUCLMILIIH, AT BMKOHAaHHA BHITYCKHUX poOiT
faxanaBpiB, MaricTpiB Ta creuiajgicTiB, KypcoOBOTO i JUILIOMHOTO IIPOEKTY-
BaHHSA, AJIS caMOCTIHHOT iH)KeHepHOT AiANBHOCTI.
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1.2 QOcnogui noxa3HUKH npouecis i IXui Xxapaxkrepucruku

JUis MpOMHECIIOBOI pearizallii TeXHOJOTIYHOro Mpouecy MOTPiOHI Taki
OCHOBHi ymoBH: 1) Marepiadu i CHpOBHMHA, IO NiAAKOTECA HepepoOul;
2) eHepreTHYHi PecypcH (EIEKTPOEHEPris, BOJA, TEXHOIONYHMI nap, ras);
3) obnagHaHHA - arapaTH, MAIIKHH, arperaTd i YCTAHOBKH, 3a JIOTIOMOTOK
AKHX peanizyeTbes npoliec; 4) KBanidikoBaHi kaapH.

HaiipaxJIMBilLMM TTOKA3HHKOM, IO 3 TEXHOJIOTIYHOro GOKYy XapakTepH-
3y€ anapar, MallliHy, arperaT Yi YCTaHOBKY, a00 BUPOOHULTBO B LLIOMY, €
MPOAYKTHBHICTb — KiJlbKiCTh GUPOBHHM, LIO NEPEPOOIIAETBCS B OIMHHUIIO
gacy abo KineKicTh npoayxuii, PakTuuHo BUPOOIEHOI B OJHHULIIO Yacy.

Hponymusmcn BHPAXAIOTh Y MAacoBMX abo 00’€MHHX OJMHHIAX
(xr/ron., T/noly, M ‘/ron., M /noGy), IS KiTBKOCTI oOnagHaHHA 1 TeXHiu-
HHUX BHpOGiB — OXMHHL 32 MiCALb, OAMHHL 32 PIK.

Bax1MBOIO XapaKTEpUCTHKOK BHpOOHWYOro mpouecy abo amapaTa €
iHTeHCHBHIiCTH (IHTOMA NMPOAYKTHBHICTB) — NMPOAYKTHBHICTb, BiAHE-
ceHa 10 Oyap-1KOTO OCHOBHOTO MapaMeTpa, IO XapaKTepu3y€e MICTKICTb i
po3Mipu amapara abo yMOBH IPOBEJCHHA B HBOMY JaHOro npouecy. Yac-
Tille yChOro iHTEHCHBHICTE NPOLECY XapaKTepu3yoTh KinpkicTio {00cs-
ToM) nponyxnn BHpOGHeHm B OJIUHMII 06’eMy amapara (nnToma 00’ eMHa
OpONYKTHBHICTB, Kr/(M-c)) a60 mo BUPOOIAETHCH HA OAMHMILI IUIOLLI aria-
paTa (wBHAKICTb GiabTpauii, M (m*c)).

[poayKTHBHICTH amapara 3aJIEXHTh Bil IHTEHCHBHOCTI — IUBHIAKOCTI
Hpouecy, 110 MIPOXOANTH B HBOMY, Bil OpPraHizaliiHO-TeXHIYHOI CTPYKTYpH
BUPOOGHHITBA, Bif rabapuTHUX po3MipiB aGo 06’eMy anapara. ITpogykTus-
HicTb Lexy abo YCTAaHOBKM 3aJI€KHTh Bifl KiITBKOCTI BCTAHOBJIEHHX OCHOB-
HHX anaparie, BiJl CTYTeHs X BUKOPHCTaHHA 1 yMOB €KCILTyaTalii.

Bynp-akuil izuko-xiMiuauil Hpoliec, 0 MPOXOANTE B anapari peans-
HO, XapaKTepH3y€EThCS MapaMeTPaMH — KOMIIEKCOM (i3HYHHX BENHUMH,
WO pimyye BINMBAIOTH HA X1 1 YMOBM npouecy. Pospisuators ¢izuuHi,
©izuko-xiMiyHi, rigpaBaiyHi Ta TIAPOXMHAMIYHI, TEIVIOBI Ta Ter0di3nYHI,
Iudysiitni Ta 6araTo iHIIKMX MapaMeTpiB, IPUUOMY KOXHHH i3 HHUX MOXKE
HaOyBaTH Pi3HOMAHITHHX, aji¢ PeaJbHO BU3HAYCHUX BEIIMYHH 3a YMOB, 110
CYNPOBOKYIOTE X1l npoliecy.

InTencudikauis npouecy B amapaTi QOCATAETHCH JOOOPOM ONTHMAllb-
HHX TlapaMeTpiB pekuMy, 3MIHOK HalPAMKIB PyXy CEPeNOBHIN 1 MoJin-
HICHHAM KOHCTpyKUii anapata. [Ipu miaBHIUEHHI IHTEHCHBHOCTI IIPOXO-
JXEHHs npouecy mMoxke OyTn 30inbleHa NPONYKTHBHICTh arperary, ycra-
HOBKM abo uexy npu TiH camiif KiIbKOCTI anapartiB, abo 3MeHIIEHA Kilb-
KiCTb MpalloluiX anaparis, MOKyTh OyTH 3HMKEHI eKCNuyaTaliiiHi Ta
CHepreTHuH) BUTPATH. IHTencudixyioun supobuuyi npouecu abo pobory

—
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amapatiB 1 arperaris, Ha TOMY CaMOMY OOJagHaHHI MOXHAa OJEpKaTu
OimbILHi 0OCAT MPOAYKILiT.

Jlo OCHOBHHX NMOKa3HUKIB BUPOOHHYOTO NPOIECY BiTHOCATH TaKOXK BH-
TPaTH MaTepialbHUX i EHEPTETHYHHX PECYPCIB.

BuTpatu ocHOBHUX MaTepialiiB, CHPOBHHH, a TaKOK OOCAT IPOIYKTIB,
1o BUPOOGIISAIOTHCSA, BU3HAYAIOTLCS Ha OCHOBI PIBHAHB MaTepianbHHUX Oana-
HCIB. 3HI)KEHHS BMTPAT CHPOBHHH JIOCATAETBCS yIOCKOHATIOBAHHAM TeX-
HOJIOTii 1 301/IBIIEHHSM CTYIEHS IEPETBOPEHH.

Butpatu eHepropecypcie — eNeKTpOeHeprii, BOASHOI Napu, MajlnBa, razy
BH3HAUYAIOTBCA Ha OCHORI TEIIOBMX (CHEPreTHHHHX) OaylaHCiB. SHIDKEHHS
eHEePreTUYHNX BHTPAT AOCATAETHCS JOOOpOM ONTUMANBLHWX NapaMmerpin
npoLecy 1 TEXHOJOTIUHOTO PeXKHMY 32 paXyHOK 301IbIIEHHS IHTEHCHBHOCTI
NPOXO/UKEHHS IIPOLIECY, & TAaKOX 33 PaxyHOK 3MeHILEHHS TiJpaBiuyHOTrO
onopy anapartis i Tpy6onposois.

OCHOBHHMM IOKa3HHKOM 0araTeoX MpoleciB € BHXIA TpoAyKuii, 1o
XapakTepH3ye e(eKTHBHICTH TEXHOJOIIYHOTO NPOLECY, CTYNiHb HOro
JOCKOHAJIOCTI | TEXHI4YHHUM piBeHb BHPOOHULITBA B 1IITOMY.

Buxonom Ha3uBawTh BIAHOLICHHS KITBKOCTI pEajibHO OTPUMAHOrO
LIBOBOTO MPOAYKTY [0 TEOPETHYHOTO — MAaKCUMAa/IbHO MOXKIHBOI KillbKO-
CTi 3a IAHUX YMOB NIPOXO/KEHHsI POLIECY

iMi/ iMj 100, (%) , (1.1)
1 I

ae M; — MacoBi BUTpaTH yCiX KOMITOHEHTIB CHPOBMHH, Kr/c; M; — MacoBi
BUTPATH YCiX OTPHMAHHX MPOIYKTIB, KI/C.

UwpM Oinb1 IPYHTOBHO BUBYEHHIT 1 po3pobneHHH npouec, THM OipIITHM
€ TIPaKTHYHHUI BHXIJ LiNbOBOT NPOMYKLii, THM MEHIIE OJepKYITh nobiy-
HHX TIPOAYKTIB 1 BIAXOMIB BUPOOHHIITBA.

I MacooOMIHHUX, XiMIYHHX 1 010XIMIYHUX TIPOLIECIB TTOYATKOBI KOM-
MOHEHTH He IIIKOM TIepeXOiATh ¥ KOPUCHI NPOJYKTH, i TOMY BHXiI LiIHO-
BOT NPOAYKLI] XapakTepH3yIOTh CTYIEHEM MiX(a30BOrO NEpEcHECEHHS —
cTyHmeHeM BHJIO0OYBaHHs abo cTyNeHEM NEepPeTBOPEHHS, IPH LLOMY

vi =(Myi~M )/ My =1-Cj, (12)
ne M., My — MacoBi BUTpaTH i-ro KOMIIOHEHTA Ha BXO/1i 10 anapaTa i Bu-
xoJi 3 Hporo; C; — MacoBa 4acTKa HEBHKOPHCTAHOTO KOMITOHEHTA B IIPOLe-
ci Horo niepepobkn, C; = My; / M.

CryniHe nepeTBOpeHHs XapaKTepU3ye HACKIIBKU MOBHO B Mpolleci pea-
T'YIOTh i NEPeTBOPIOIOTHCA MOYATKOBI KOMIIOHEHTH CHPOBHHH B HiNboBI
nponyxty. CTymiHb TEPETBOPCHHS 3aEXKHTDb HC TUIEKM BIJ TEXHOJIOTIYHHX
IapaMeTpiB MpoLecy, afie i Bil KOHCTPYKIII MallMHH YH anapara, ki Bu-
KOPHCTOBYIOTECS B ITPOLECI.
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Jlo OCHOBHMX MOKa3HHUKIB IpolLiecy BiIHOCATH MapamMeTpH TeXHOJIo-
riYHOro pe:KuMy — CYKYIHICTH OCHOBHMX YHMHHHKIB, L0 BIUIHBAIOTh Ha
WIBMAKICTH miponecy. Jns OinbIIOCTI XiMIKO-TEXHONOTIYHMX IPOLECIB
OCHOBHMMH TMapaMeTpaMi TEXHOJOTIYHOro pexuMy € arperaTHuf cral
PEHOBHH, IO PEaTyIOTh, TEMIEpaTypa, KOHueHTpaum THCK, eHepreTqu
BIUIUBH 1 iXHiit XapakTep (HaHBHlCTL abo BiACYTHIiCTH IEpeMilllyBaHHS,
IPUCYTHICTH 200 BIACYTHICTB KaTaji3aTopa Ta iHIIe).

ArperaTHuii (da3oBuil) craH pevyoBHH, [0 HEPepOONAIOTHCA,
BH3HAYA€ HE TUILKM IIBUIKICTH IXHBOT B3a€MOIT B TEXHOJNOTIYHOMY IpO-
eci, aje TeXHOJOTIYHI 1 KOHCTPYKTHBHI ocobnuMBoCTi anapara, ioro raba-
PHTHI PO3MIpH.

TeMneparypa € HallBOKIHBILTHM TEXHONOTIYHHUM [1apaMeTPOM, IO
BH3HAYAE CTYMiHb HarpiBaHHA PoOOYHMX CepeloBMIL 1 BIUIMBA€ Ha LIBH-
KicTh B3a€MOmil (a3, 32 UM NAapaMeTpoM IPOLECH BiIHOCATH A0 HH3BKO-
Ta BHCOKOTEMIIEPATYPHHX, €HI0- Ta eK30TEPMidHHX.

KoHueHTpaniss BH3HaUa€ BMICT KOXKHOI peYOBHHH y MOTOKAx, O
pearytoTh abo B3a€EMOIIFOTH Y MpOIeci, KOHLUEHTpauii BIVIMBAIOTh HA LIBK-
KiCTE repeHeceHHs pedOBMHH MiX (hazamu. 3a YMCIOBHM 3HAYECHHAM KOH-
UeHTpaLii pO3pi3HAKTH HPOLIECH, IO MPOXOAATh Y MOTOKAX i3 HH3bKOIO
a0 BHCOKOI KOHLIEHTPALIE€I0 KOMIIOHEHTIB.

THcK BH3HAYa€ yMOBH PiBHOBard y aszax, yucjoBe 3HaYEHHS pyIIi-
HO CHAM Ta ii BIUTMB Ha HAmpsAM 1 WIBHAKICTH MPOLECIB, 32 BEIHYMHOIO
3aCTOCOBYBAaHOTO THCKY IPOLECH MOXKYTb BinGyBaTHCS Mix po3pilKEeHHIM
(BakyyMoOM), mp aTMOC(hepHOMY, NIABHUIIEHOMY a00 BUCOKOMY THCKY.

EnepreTuuruil BnAHB (eHepreTHuHe [iHHS), MOB A3aHUH 3
JOIAaTKOBHM IIiIBEIEHHAM B CHCTEMY (amapar) 30BHIIIHbOI eHeprii (Mexa-
HIYHOI, eJIeKTPHUYHOI, YBTPa3ByKOBOT Ta iHIIMX), 4aCTO CTHMYJIIOE LIBHA-
KiCTh IPOXOMXKEHHA NPOLECIB i JO3BONSE 3HUIUTH 00 €M arnaparypH.

BararopazoBo iHTeHcH(iKyBaTH i cCIpsMOBaHO BECTH XiMiyHHH abo Ha-
droxiMidHmii npouec J03BOIAIOTE KaTagdizaTopu.

Jns OioxiMiUYHHUX IIpOLECiB BaXJIMBY poib MaioTe (epMeHTH, a
TaKOX [HIIi METOAHM BIIMBY Ha MIBHAKICT MPOXOIKEHHS MPOLECIB.

Ba:x1MBMM NMOKa3HHKOM TEXHOJOTIYHOIO Ipouecy € iforo opraniza-
NiliHO-TeXHiYHA CTPYKTYpa, BIONOBIZHO A0 AKOI PO3PI3HAIOTH HEpi-
oauyHi, 6e3nepepBHi, koMOiHOBaHI i UMKIIIYHI IpOLIECH.

IMepiognynuii mpollec XapaKTEPU3YETHCA THM, IO Pi3HOMAHITHI Horo
CTaii 3/1iHCHIOIOTbCA B OJHOMY i TOMy caMOMy amnapari, ajie B pi3Hi mpo-
MDKKH uacy, TOOTO MepioauyHui NPOLIEC XapaKTEPH3YETHCA  EAHHHM
MicumeMm MpoBEACHHS OKPEMHX CTamiit npolecy npk 3MiHi B 4aci AK BHAY
CaMoro Ipouecy, Tak i PEXUMHHX NapaMeTpiB Horo NpoBeeHHS (TeMHe-
paTypH, KOHUEHTpauii, THCKiB Ta iH.). [lepioguuni mpoilecH mos’s3aui 3
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BUTpaTaMi py4HOI Nnpaili, 3 HU3bKOK IHTEHCHBHICTIO [IPOLECY TA 3i 3HAY-
HHMH BTPaTdMH 4Yacy Ha NPOBEACHHA MIATOTOBYMX oOmnepauiil y nepion
33BAHTAXKEHHS 1 PO3BAHTAXKEHHA oOnajHaHHi. ABTOMAaTH3alid Hepioaud-
HHX HPOLECIB JyXe yTPYIHEHA, TOMY LIO NOKAa3HHKH KEPOBAaHUX PEKHM-
HUX TIAPaMETPIB 3MIHIOIOTECS SK MO BUCOTI Ta 06’ €My amapaTta, Tak i mpo-
TATOM YCBOIO MEPIO/Y MPOXOIKEHHS MpOLeCy.

HenepepBHHIi NpolLiec XapaKTEPU3YETbCS THM, U0 B HLOMY OJHOYaCHO
NpOXOAATh YCi cTanil npouecy, ajle KoskHa 31 CTamiid IPOXOAMTE B Pi3HHX
o6’emax anapara afo B pi3HUX amapatax, TOOTO HenepepBHHUH mpollec
XapaKkTepu3yeThCs €IHICTIO Yacy NPOBCASHHS yciX cTaiiil mpoiecy B pi-
3HHX 00’€eMax anapaTypH.

HenepeppHi Ipouiec 103BOSTE 3a0e3MeyuTH PIBHOMIPHICTD iX IPOXo-
JPKeHHS, NOKalbHY CTalicTh TEXHONOrIYHHMX I1apaMeTpiB, crabifbHICTH
AKOCTI OCP:KyBaHO! MPOAYKLIi, MOXKIHBICTH MOBHOI aBTOMaTH3aLil npote-
cy abo Horo oKpeMHux cTalliii Ta yCTAaHOBKH B LIIOMY.

Y OpoMHCIIOBOCTI TaKOK BUKOPHUCTOBYIOTH KOMOiHOBaHI mpouecH,
B SKHX OJIHY a00 HeKkijbKa CTajiH peanizoBylOTH MEPIOAWYHO, a 1HI x
cTazii — HEMePEPBHO.

IukaivHMMH  Ha3WBAIOTh MPOIECH, WO NPOXOJATh B anapaTi [ociti-
JOBHO, 3MIHIOIOUH OTMH OOHOrO Yepe3 BU3HAYEHI NPOMIKKH Hacy (LHKITH).
Hanpuxnan, npouec normuHaHHs (agcopOuil) napis JeTy4ux pO3UMHHHUKIB
i3 MapomoBITPAHO! CyMillli B CTaliOHAPHOMY ajcopbepi CKIaNaEcTbCA 3
OKpPEMHX CTaliil, siki ITOCITIIOBHO MPOXOIATh B YCTaHOBII i 00’eaHaHi B
€IMHUIl UMK &) ancopOuil nmapiB pozuuHHHKA; 6) BiAmaproBaHHS NOTJIH-
HEeHOI peJyOBHHM; B) pereHepalii BIacTUBOCTER aicopOCHTY; ') MiATOTOBKA
ancopbepa 10 HOBOTO LIHKIY poOOTH.

3a XapakTepoM pyxy 1 3MiHM napaMeTpiB po6o4oro cepefOBHILA HElle-
pepBHO Ail0Ui amapaTd NOAISAIOTh Ha TPU TPYIH: alapaTH IOBHOTO BHUTHC-
KyBaHHSI, IOBHOT'O 3MIUTyBaHHS Ta anapary MPOMIXKXHOTO THITY.

V amapari MOBHOr0 BHTHCKYBAHHA HacTymHI 06’eMH pobodoro
CepeloBHILA HE 3MIIIYIOThCS 3 IONEPESAHIMH 1 TIOBHICTIO BUTHCKYIOTH IX,
TOOTO pyx poboyoi peuOBHHH BiAOYBA€THCA HIOM B MOPLIHEBOMY PEXHMI.
TeMmnepaTypa 1 KOHLEHTpallil pEYOBHHH, fAKa OOPOOIAETHCA, MIABHO
IMIHIOKOTBCH Bill MOUATKOROL 0 KiHUEBOI BENWYMHH N0 BUCOTI abo 10B-
KHHI anapara i MOXYyTb PETYJIIOBaTHCA B 3aJIEHOCTI BII MaCOBHX BHTPAT
B32€EMOZIIOYHX MOTOKIB.

Y amapaTax NOBHOrO BHTMCKYBaHHS pyLIifHA CHiA TPOLECY MOXe
JOCATaTH MaKCHMANpHO! BEJNMYHHM, IO IO3BONAE 3MEHIIUTH pPoOOYHii
00’em anapara abo iforo niHifHI po3MipH.

V anapati nOBHOro 3MilIyBaHH# BiZOyBa€TbCS MOBHE i MIBUIKE 3Millry-
BAHHs NOTOKIB CEPEJIOBHIL, SIKi HAIXOMATh [0 anapara 3 peuOBHHOIO, LIO
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3HAXOJUTHCA B HOMY. Y TaKOMy anapati TEMIepaTypH i KOHHCHTpaHII 3Mi-
[IyBAHUX PE4OBHH LIBUIKO cra61n13y10rr>ca 1 10CATAIOTh KIHUEBHUX 3HAYCHb.

Cnig 3a3HaYMTH, IO Bl HANPSMKY i XapaKTepy pyxy MOTOKIB PEYOBHH
B TAKHX arlapatax 3aNexHTh XapakTep po3noAiTy pyummon CHJIM TIpO-
1ecy — pi3HULI po6oYoro i piBHOBaXKHOIO napameTpus HiJ Oi€0 AKUX [po-
XOJIHUTB TPOLIEC Yy HATIPAMKY JAOCATHEHH: PiBHOBAXXHOI'O CTaHy.

Ha puc. 1.1, sk npuKiIaj, MoKa3aHMH anapaT NOBHOTO 3MiIlyBaHHsA Ta
xapakTep 3MiHH TEMIIEPAaTypH PEYOBHHH, INO HArpiBa€ThCA, 8 TAKOX 3MiHA
JOKAIBHOT pYINiHHG CHIH NpolLiecy B HbOMY IO BHCOTI. IIoTik cepenoBu-
ma, Ake HaIXOAMThH B amapar 3HM3Y i HarpiBaeThcs, yepe3 MaTpybok 1 3a
JOTIOMOIrOK MIINAJIKH MIBHAKO 3MILIYEThCS 3 HArpiTMH 00’€MaMu pedo-
BHHHM 1 NIPAKTHYHO Bifpa3y HaOyBa€ KiHLEBOT TeMIepaTypH cyMimi, sika
BiABOMUTECA yepe3 naTpy6ok 3. CepenHsa pyLIiiiHa CHla NPOLECY — cepel-
Hsl Pi3HUIIA TEMIEPaTyp MK CepelOBHUINAMH - TYT 3aAMINAETLCA NMPaKTHY-
HO CTAJIOK0, X0ua JIOKaJBbHI Pi3HHII TEMNEPaTyp Ha BXOXi B alapart i BUXOMIi
i3 HLOTO 3HAYHO BINIPIZHAIOTECH MK cODOIO.

{ Pucynok 1.1 - Xapakrep 3minn
/v/—’ H TEMIePATYPH CepeloBHLIA, 10 Ha-
4

R T T Tn  TpiBAETLCH, B ANAPaTi MOBHOTO
= IMILIYBAHHN:

’ 2 Ty, Tx - moyaTkoBa i KiHLEBa TeM-
2 o neparypa cepeJOBHIIA, 1O Harpisa-
: etecsl; Try, Ty - TEMIEpPaTYpa BOIA-
! HOI IapH Ta KOHAEHCATy BiIIOBiHO;
4 i - Aty - cepenHs pyuiiina cuna npoue-
\T Tu T« T cy; 1- nogawa cupoBuHM; 2 — BXin
1 f-l- KK napy; 3 - BIOBEAEHHS TMPOAYKTY;

H 4 — BinBeCHHA KOHICHCATY

=
=3

}
—~
LN
2

N

K 2C3Y

d

B amaparax NpOMiAKHOro THNY He CIOCTEPIraeThCsd NOBHOTO BUTHC-
KyBaHHS [IOTOKIB, aJI¢ 1 He B1I0yBaeThCs IOBHOTO 3MIIIyBaHHA MOMEpeIHiX
i HacTynHux o6’emiB poboumnx cepenosuil. PyniiiiHa cuna npouecis y
UboMy BUNAaAKy Oinblua, HDK B amapaTax ITOBHOTO 3MILIYBaHHS, aje MEH-
lIa, HiXK B arapaTax [OBHOI'O BHTHCKYBAHH.

Koumpononi sanumanus
1 Haiime eusnauenns nowame “onepayis”, “npoyec” ma “mexnonozia’. ¥ vomy nons-
2Q€ NPUHYLNOEA PISHUYSL MIXC MEXaHIyHuMU | XIMivHuMu mexnonoziamu?
2 Hagedime npuxaadu pisHOMARIMHUX 2Q8Y3€6UX MEXHONO2IN.
3 Haiime eusnauenna nouame “anapam”, “mawuna’, “azpecam” ma “ycmanosxa’.
Y womy noaszae npunyunosa pisnuys misc numu?

4 Hri piznosudu ximitHoz2o 0ONAOHAHHA BUKODUE Mrézgc!tq “sﬁxuwfyw §gm5yuzgmsax
Y womy nons2qe pisHuys Mioe Humu? yeinefoat eT
— . . . LR R
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5 Hazeimb 0CHOBHI NOKAZHUKY NpOYecis | oxapaxmepusyime ix,

6 Slki ocnogni napamempu mexuonoziyno2o pexcumy Bu snaeme i Ak gonu eniueaome
Ha weuoKicms npoyecy?

7 Haiime susnauenns xapaxkmepy NpOXOOXCEHHS DI3HOMAHIMHuUX npoyecis 3a ixHboW
Op2ani3ayiiHo-MexHiYHo0w CIMPYKMYpPoIo.

8 V vomy npunyunoea pisnuys mixc nepioOudrumu [ HenepepsHuMu npoyecami,
anapamam. ma YCmanoskamu ?

9 Axi 6yearoms Henepepano OIOU] anapamu 3a Xapakmepom pyxy pobouux cepedosuwl y
Hux?

10 Ax sminoemoca pywiiina cunra npoyecie 6 3anexcHocmi 610 xapaxmepy pyxy
pobouux cepedosuy 6 anapamax Henepepenol oii?

1.3 OcHoBHi 3aK0HH, IKi BHKOPUCTOBYIOTh B Kypci
“IIpouecH Ta 001agHAHHSA ...”

TexHoMorYHi npouecy XiMiynux, HahToXiMiuHNX, HaTonepepoOHUX i
CMOPiAHEHUX TEXHONOTIH TNOR’A3aHi 3 BHKOPWUCTAHHAM PI3HOMAHITHMX
maTtepianis 1 Buais eHepril. TexHomoriuHi NpouecH NPoOXoAATh BiANOBiIHO
70 3arajpHuX Gi3ndHKX, Hi3HK0-XiIMIYHUX 1 XIMIYHHX 3aKOHIB IPUPOLH.

HaiiGinbir yacto B kypei “IlpouecH 1 obnagHaHHA ... BUKOPHCTOBY-
I0ThCS TaKi OCHOBHI 3aKOHH 1 IPHUHIUIIH:

1 KinbkicHi 3akon# Ximil (3akoHH 30epekeHHs Marepil i 3MiHM il
cKaany).

2 3aKOHM TepMOZMHAMIKH (3aKOHH 30epeXeHHS 1 MNepEeTBOPEHHS
eHepril).

3 3axonu ¢a3oBoi piBHOBard (CTaTHYHOI, JMHAMIYHO! i XIMIYHOI) B
TOMOTE€HHHX CHCTEMaX.

4 3aKOHH NepeHeceHHs MacH Ta eHeprii (OCHOBHMH KiHETUUHHH 3aKOH).

5 TIpHHUMIH MOJETIOBAHHS | MACHITAOHOTO MEPEXOY.

LT *

1.3.1 3axoHn 30epeskennss MaTepii i 3MiHu il ckiaay

KinekicHi 3akoHM ximii, ski Bigkpumu M.B.JlomoHocoB, A.JlaBya3sse,
I Janeton, LPixTep Ta iHmui, yCTaHOBIIOIOTH 3B’A30K Mixk OynoBolo i
CKJQZOM BHXIZHHMX XiMIYHMX CHONYK, i TMOB’s3aHi 31 3MiHaMM iXHBOTO
CKJIajly, IO BiAGYBAIOTECA B Pe3y bTaTi XiMIYHHX 1 (I3MKO-XIMiYHMX B3ae-
MOJIiH i IepeTBOPEHb.

BianosiaHo no 3akoHy 36epekenHs MaTepii B MPUPOAi i TEXHIllI MalOTh
MicLEe Taki NMEPEeTBOPEHHs, NMpPU AKHX HE MOXE CHOHTAHHO (CaMOYMHHO)
BinOyBaTHCH BUHUKHEHHS a00 3HHKHEHHA MaTepii, TO6To MacH BHXiTHuX i
KiHIEBUX MPOAYKTIB Y CHCTEMI 3aIHIIANTLCH CTAJITAMH.

3akoH 30epexeHHs MacH PEeyOBHH 3aCTOCOBYEThCA AK A0 3arajbHOL
MaCH peuoBHUH, 10 GepyTh y4acTh y NPOLECI, TaK i 10 OKpeMuX il YacTHH
ab0o 10 OKPEMHUX KOMIIOHEHTIB, 1110 BXOJATh Y CHCTEMY.
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Hexail B anapar — excrpaktop 1 (muB. puc.1.2), Npu3HaYeHnit 10 BU-
poOHMLTBA EKCTPAKIHHOT docdopHOi KHCIOTH, HAAXOAATH aANaATHT 1
cyMilll pO34HHIB cipyaHoi i $OCHOPHOT KHCIOT.

Peakuis po3kiIaZeHHs anaTHTY Ha KiHUEBI NMPOAYKTH MPOXOMMTH 3a
CyMapHHM DiBHSAHHAM

Ca5(PO4)3F +5 H2804 +n H3PO4 +m HQO =
= (n + 3) H;PO, + 5 CaSO, 'm H,0 +HF . (1.3)

ITicis MpOBEAEHHS MpOIleCY eKCTParyBaHHA 3 arapaTta BUBOJTH Peak-
HifiHi ra3y i MymeIy, MO cKIaNaeThes 3 GocdopHoi KucaoTy, pocdorincy i
3QJIMIIKIB — BiAX0OIB, 110 HE IPOPEaryBallH.

BianosinHo 10 3akoHy 30epexxeHHs MaTepii MacoBi BUTPATH PEYOBHH,
110 HAJXONATh JI0 aNAapaTa i BUBOIATECS 3 HHOTO, PiBHI MiX c06010.

A_ b B| r
4_‘L_° X _g._‘ Pucynok 1.2 - Cxema maTe-
: piaJBHHX NOTOKIB y mpoueci oae-
T pkanns  excrpaxuiiinoi  doc-
——tH dopHuoi kucaoru (EOK):

— =11 A - anarut; b - EOK; B - cipuana
3 g kucnora, I - rasu; [ — mynena

- E®K i docdorincy;

: 1 oo %-.3 1 — ekcTpakTop; 2 - MilIaikxa;

e ermeeer e —— i 3 - 3arTHOHMIH Hacoc

Jlns OKpeMHX MOTOKiB piBHAHHA MaTepianbHOro 6anancy MarTh TaKUi
BUTJIAA
- I CKPOBUHH (ANaTUTy)

Ge=My+ My +M; (1.4)
- ]I PEareHTiB (KUCIIOT)

Gp=MK1+MK2; (14')
- Id NPOAYKTiB peakuii (kucnot i docdorimncy)

Gn = Mnl + Mn2 > (1 .4")
- 114 BiZXoniB (ra3iB i 3a/MIIKIB , IO He IPOpPEaryBaIn)

G, =My + M, . (1.4™

Ilns OKpeMHX KOMIIOHEHTIB, I1UO BXOZAThP OO CKjaay Oyap-ikoro
IIOTOKY, TAKOX MOKHA CKJIACTH PIBHAHHS MarepianbHuX GanaHcis.
Tak, I KOMIIOHEHTIB y CKJIaji CHPOBHHHM PiBHAHHA MaTepialbHHX
GananciB MOXHa 3aIIMCATH B TAKOMY BHIJISLI:
- 114 KOMNOHeHTa A 3a Macolo (abo MacoBOIO BUTPATOO)
o M= G X, (1.5)
- 33 KiIbKiCTIO B CHPOBMHI PEYOBHH, IO CKIaJat0Th JOMIIUKH:
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My =Ge Xs, (1.5
M.=Ge X, (1.5
ae X,, X, X, — MacoBa 4yacTka KomnoueHTie A, B i C y cupoBuHi.
AHAJIOrYHHM METOAOM MOJKHA CKJIACTH PIBHAHHA MaTepianbHux Gana-
HCIB 14 iHINHX KOMIIOHEHTIB CHcTeMHU 200 /14 CHCTEMH B LITIOMY.
PiBusHHs MaTepianpHOro 6anaHcy 3a NOTOKaMH PeUOBHH 714 IIPOLECY B
LiJIOMY Ma€ BTSN
Ma+Mb+Mc+Mp] +Mp2:Mnl+ Mn2+Mol+M025 (16)
AKE MOXKHA BUPA3UTH B 3araIbHOMY BHIIAII

k n
>M; =¥M;, (1.7)
1 1
ne M,, My, My, ..., M — Mach (MacoBi BUTpaTH) MaTepialbHUX TOTOKIB,
WO HAIXOIATH 10 anapata; Mgy, Mp, Mgy, ..., Mj — Macu (MmacoBi BuTpa-

TH) NOTOKIB, 110 BUBOASATHECS 3 amapary; kK, n — KilbKiCTh KOMIIOHEHTIB
PEYOBHH, WO HAAXOIATE B anapart abo BUBOJATLCS 3 HLOTO BiATIOBLIHO.

TakuM 4YHHOM, CKIABIUM CHUCTeMy pIBHAHb MarepianpHHX OanaHcis
(1.4) - (1.7), po3ryistHyBIIM XiMi3M mpomeciB, MOXHa BPaXyBaTH BCi 3MiHH
Mac abo MacCOBHX BUTpPAT, IO MalOTh MICLle Y MpoLeci, po3paxyBaTH MacH
MOTOKIB 1 OKpEMHX KOMIIOHEHTIB, 4 TAaKOX 3HAATH BHUTPAaTH KIHLEBHX
MacOBHX MOTOKIB i peYOBUHH, AKa EKCTPAry€ThCs.

BiamoBigHo 10 3aKOHY CTAJIOCTI CKJIajly KOXHA XiMiYHA CHONyKa CKIa-
JIAETRCS 3 THX CaMMX eJIeMEeHTIB, AKi pearyioTb MiK CO0O0I0 Y Ha3aBXau
BH3HAYEHOMY MacOBOMY CIIBBIIHOUICHHI 1 MalOTh HINKOM BM3HAYEHHI i
cTanuil XiMiuHM cKIal.

BiamoeigHo 10 3aKOHY KpaTHHX BigHOWEHb, akuil chopMyitosas Janb-
TOH, [IBa €JIEMEHTH, LI0 YTBOPIOIOTH JIEKIIbKA PI3HMX XIMIUHHX CIONYK,
3’eAHYIOThCS MiK co0or0 mpornopuiiiHo nefkuM winuM ducinaM. Hanpu-
KJIaJl, KHCEHb 3’ €IHYEThCH 3 BOAHEM Ipu yTBopeHHi Boau (H,0) y macoso-
My criBBiHOIICHHI Mo, @ M= 16:2 = §8; juId ByrJIen, 1o pearye 3 Bof-
HeM npu yrBopensi meTany (CH,), BiZHOIIEHHS Mac BYTIIELKO 3 BOJHEM
3BV BiATMOBiAAE piBHAHHIO Mc : My, = 12:4 = 3; npu yTBOpeHHI aie-
THJIEHY 3aBXKAM COpaBedIHBe CiBBIAHOICHHS My : My =24:2 =12,

34KOH eKBIBANEHTHMX CIIBBIiJHOIIEHs BCTAHOBIIOE, IO MACOBI BUTPATH
JBOX PEYOBHH, L0 MOPIZHO BCTYNAKTH y XIMiuHY Peaklilo 3 MOCTIHHOO
MacoOBOIO BHTPATOW) TPETHOIO KOMIIOHEHTa, JOPIBHIOIOTE a00 € KPAaTHUMHU
MacOBHM BHTpPATaM MMEePLIMX ABOX PEHOBHH ¥ IXHil peakuii Mixk coboro.

Npuxaan 1.1. B abcop6uiitgiit konoHi npu aTMOCHEPHOMY THCKY 13 Fa30MoBi-
TPAHOT CyMIl MOrIMHAETHCA BOJAOKO aMiak B Kinkkocti AMy=162 kr/ropuny, npu
UBOMY OTPHMYIOTh BOAHMHA PO3YHH amiaky y BOAL koHuentpauieto X,=0,085 kr/kr
BOJIY, CTYTIiHb MOTJIHHAHHA aMiaKy BOJIOIO CKIAAac Y,=92%, NpH LbOMY KOHLIEHT-
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ALlis aMiaKy B TA30MOBITPAHIA CyMillli Ha BMXOJl i3 KOJOHH cKmagae Y,=0,02
xr/Kr cymimi. BuanaynTi: 1) KUIBKiCTE OTPHMAHOTO BOJHOTO PO3UMHY aMiaky
micas KONOHY; 2) MacoBy BUTpary rasonoBiTpAHOL CyMimi Ha BXOJi JI0 KONOHU;
3) KOHLEHTPAILio aM1aKy B rasoBiif cymimi Ha BXOXi RO KOIIOHH; 4) BIIIHOCHy
MACOBY KOHIIEHTPAIif0 aMiaKy, KHCHIO Ta 30Ty B Ta30MOBITPAHIM cyMmilui Ha BXOZi
0 KOJIOHH,

Po3p’sizanns. 3amada po3B’S3yeThCs 32 JOMOMOTOK DIiBHAHB MATepiabHUX

GanaHciB.

1 Bu3HaunMO KibKiCTh OTPUMAHOTO BOJHOTO PO3HUHY aMmiaky i3 piBHSAHHS

MarepiansHoro 6anancy momo aMiaky AM, = GpXa,

ne Gp —MacoBa BHTpaTa BO/H, Kr/roa; AMj, - Maca MOriMHyTOTO aMiaKy.
3HaHJ:(eMo Gp= AM, /X,=162/0,085 = 1906 kr/rox.

2 BH3Haano KiTBKICTh aMiaky, 10 HaAXOAMTh 4O KOJNOHH 3 ra30BOK CyMill-

11110, BAKOPHCTOBYIouH piBHAHHSA (1.2) W = (Mya — Mka )/Mya ,

e Mua, My, — MacoBa BHTpaTa aMiaky Ha BXOJi i BUXOJIi KOJIOHH BiANOBIAHO.
Iiacrasumo 0,92= AMy /My, 1a 3HapmeMo Mua—162/0 92=176,1 kr/Tox .
MacoBa BUTpaTa HeNONIMHYTOro amiaky B ra3oBid CyMimli Ha BUXOMI i3 KOOHU

cxnagae M ,=M,, — AM, = 176,1 — 162 = 14,1 xr/rox .

3 BusHauuMo MacoRY BUTPATy ra3zoBoi cyMiLui, 1110 BHXOAHTH i3 abcopbepa
Mc=Mia/Var = 14,1/0,02=705 xr/ron.
4 Bu3nauuMo MacoBY BHTPATy Ta30Boi CyMillli HA BXOJi o abcopbepa
M =M tAM,=705+162=867 xr/rox .
5 BizHocHa MacoBa KOHUEHTpALiA amiaky B IOYATKOBIif ra3osiii cymimi
VY i=M,/M,=176,1/867=0,203 kr aMiaky/Kr ra3oBoi cyminii,
6 Macosa BUTpaTa IHEPTHOI IOBITPSHOT (a30THO-KMCHEBOI) CyMillli CKIafiae
Mg = Mpee (1 = Vo) = 867(1 — 0,203) = 691 kr/rox,

B TOMY 9HCII IIOJI0 KUCHIO Moz = My Yo, = 691:0,231=159,6 xr/rog,

a TAKOXK 230Ty Ta iIHEPTHHX Ta3iB Mz = My YNy = 691.0,769 = 531,4 xr/rog,

e Yoz, YNz — MacoBa 4acTKa KHCHIO Ta a30TY B HOBITPAHIA cyMini.

7 BigHOCHAZ MacoBa KOHIEHTpALis KOMIIOHEHTIB ra3oBoi cyMimi Ha BXOAi 10
abcopbepa: amiaky ¥,,=0,203 kr/kr cymiuri;

KucHIO Y(,=(1-0,203):0,231=0,184 kr/xr cyMiui;

azoty Vi = (1-0,203):0,769 =0,613 kr/kr cymiLii.

1.3.2 3akoHHn 30epeikeHH i NePeTBOPEHHA eHeprii

TexXHONOTIUHI TMPOLECH CYNIPOBOMKYIOTBCS NEPEMIIIIEHHAM MaTepiaib-
HHX [OTOKIB, a TAKOXX B33a€EMHHM IEPETBOPCHHAM Ppi3HOMaHITHUX (OpM
icHyBaHHSA, IepeHECEHHS | IePEeTBOPEHHS MaTepii.

KinekicHoto Miporo pyxy Matepii € eunepris. [lepexin eHeprii, o0y-
MOBJIEHHH pPyXOM MIKPOYaCTOK, BHKIMKA€ 3MiHY TeMmIepatypd i THCKY,
KiJIbKiCHOO Mipo10 Takoi popMu nepeHeceHHs €Heprii € TenJaoTa.

TMepenecenns euneprii, o0ymoBiene NEpeMilEHHSIM MaKPOKiNIbKOCTI
PEYOBHHH, BHKIMKA€E 3MiHy TepMO,Z[HHaMi‘{HI/IX napamerpiB CHCTEMH
(eHTanBMii, TeMIlepaTypH, KiHETHYHOT eHepril Ta iH.), KiJIBKICHOIO Mipoio
uiel popmu nepenaui pyxy € pobora.

OcHogHi noHssmmst 1 302a/16HI 3AKOHOMIPHOCMI npoyecie 21



Pobota i TennoTa € pe3yJIbTaTOM MPOBENEHHS HaNpaBIeHHX IpOHECIB i
BPaXOBYIOTh BHTPaTH eHeprii Ha 3MiHy TTapaMeTpiB IPOLECY abo peuOBHHU
BiJ I0YaTKOBOTO [0 KIHLEBOTO CTaHy.

KinpkicHOW0 Miporo BUTpPAT eHepril 6epCTBCﬂ mxoyab (x = Hm),

BianosigHo no 3akoHy 30epexeHHs i TIEPETBOPEHHS eHeprn eHepris B
Oyub-sKii cucTeMi He 3HMKA€E Ge3ciiHO 1 HE BHHHKAE CAMOBINBHO, TOOTO
MOBHA eHepris CHCTEMH TiJl HANPHUKIHLI Oy Ab-IKOTO MPOLECY 3aBXKAHU JOpi-
BHIOE anreOpaiyHiil cyMi NOBHOI eHEpril Ha MOYaTKy IPONecy i BCiX Kiib-
KOCTel eHeprii, niaBenenol abo BigBeaeHO! B LILbOMY MPOLEC,

%Qm =5 » (1.8)
1

ae Qui - cymapHi KiTsKOCTi eHeprii, nizBemeHol i BHAINEHOI B mpoLeci
(npubyTkoBa yactuHa); Qj ~ CyMapHi KilbKOCTi eHeprii, BiiBeneHoi B TOMY
caMoMy Tpolieci (BHAATKOBA YaCTHHA).

Enepretuusi (tennosi) 6anaHcH MOKYThb CKIAJaTHCA AK I IIpoLECy B
HITOMy, TaK i Juig Horo okpeMux craiiil. IIpuHUHD yNOpAAKyBaHHA €HEp-
reTHyHuX OajaHCiB NOJATaE B TOMy, IO BHECEHI B CHCTeMy NpPHOYTKOBI
CTATTi eHeprii MOBHHHI JOPiBHIOBAaTH MOTOKAM €HEpril, BHBe#eHOI i3 CHC-
TEeMH 3 ypaxyBaHHSM BTpaT eHeprii B XoAi npouecy. IIpu cknamansi pis-
HSHb eHepreTHYHKX 0anaHCiB cucTeMH 0COGIUBY yBary BapTo 3BEpTaTH Ha
IEPETBOPEHHSA OJHOTO BHIY €Heprii B iHIUHH, Ha TEIUIOB] eekTH peakuiH,
Ha 3MIHH arperaTHoro CTaHy PEYOBHH, L0 CYNPOBOAXYIOThCA BURINEHHAM
a0 mornuHaHHAM TEMa.

Jnst 6yb-KOro TEIUIOHOCIS, 10 MOAAEThCA B anapaT, BETHYHHY TEIIo-
BOTO NOTOKY BU3HAYAIOTH 32 3aNEKHICTIO

Q,=G,ct, =G, 1,
ne G, — MacoBa BHTpaTa TEIUIOHOCIA, KT/C; ¢ — TEIUIOEMHICTb PEYOBHMHY,
t, — MOYaTKOBA TeMIiepaTypa, °C; I, — eHTaNBIIIA TemIoHOCs, JIK/KT.

Eneprernunwuii 6anasc cknanaots y GopMi cxeM, piBHAHD i TabIHIb.

Posrnsuemo (muB. puc. 1.3) nporec HeHTpanizalii KMCIMX CTOKIB po3yu-
HOM BalHAHOTO MOJIOKA B PEaKTopi 1, OCHalleHOMY MIINanKowo 2 i 3MieBHKO-
BHM TEIUI0OOMIHHHKOM 3, Y AKHii NOJA€ThCA XOJIOAHA BOJAA i 3 HHOIO BHBO-
JUTBCA HATPiTA BOAA. I3 anapaTa BUBOAATHCA HEWTpari3oBaHi CTiuHi BOJH.

CraTTaMu Haaxo/DKEHHS TEMIA B CUCTEMY € MOTOKH KUCIHX CTOKIB (A),
po3uuHy BanHsHOro Monoka (B), oxonomkenoi Bogu (B).

Crartamu BuTpar Temna € notik nigirpitoi Boxu (I'), moTik HeliTpanizo-
BaHHUX cTOKIB (/1) i BTpaTH TeNJa B HABKONKIIHE CepeJOBHLUE.

Y npomeci HefiTpanizauii Takox BHIINAETBCA TEMIO peakuil Qp, 3a
JOTIOMOTOI0 MIlIANIKH B CUCTEMY IiIBOAMTHCA YaCTHHA €Heprii, eKBiBaeH-
THa Kinbkocti Temiia Q,, 4Yepe3 CTIHKM peakTopa BTPAYacThesA YacTHHA
TemIa B KUIbKOCTi Q.
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Pucynox 1.3 - Cxema rvennosux

NoToKiB y mnpoueci

KHCJIHX CTOKIB:
1 - KopIyc peakTopa; 2 - MilLajKa;

3 — TenI0OGMiHHHK

Crarri

HaaAXOKEHHA

pedTpanaizanii

BUTpAT

temna (eHepril) moxani B Tabi.1.1.

Ta6auus 1.1 — Crarri TennioBoro 6anancy npouecy Heirpanizauii
KHCJIHX CTOKIB y peakropi (auB. puc. 1.3)

Temmne- | Macosa Tenuo- IoTik
INoTik i fioro yMoBHE NO3HAYECHHA parypa, | BHTpaTa, | €MHicTh, | Temia,
°C Kr/c Jox/(xkrK) Br
CTATTI HAIXOJPKEHHS TEIUIA
1 3 kucianmu cTokamu (A) tan G, Can Qun
2 3 po34YMHOM BalHIHOIO  MOJIO-
xa (b) tou Gs Cou Qon
3 Temno peaxuii HeifTpanizauii Qpu
4 Tenno, eksiBageHTHe poboOTi,
BUTpaycHO! Ha nepeMillyBaHHS Qu
5 Tenno, mo HAAXOAUTH 3 XOJIOA-

HOK Bojomo (B) toy G Cux Qs
Paszom ﬂiIlBOIlﬂTbCﬂ QHi =Qut Qs+ qu +Qut Qo
CTATTI BUTPAT TEIUIA
1 3 remnoro Bogoto () tax G, Cux Qux

2 3 HejlTpanizoBaHHMH CTO-

kamu () tax G, Cax Qu
3 Brpartu Qu
Pazom BuTpayaeTncs Qg =Qut Qs+ Qp

HeoOxinuo minkpecauTH, WO 3MiHY NOKATGHMX MOTOYHHX BEIMHMH
BHYTpilIHIX MaTepiaJibHUX 1 TEMIOBMX TOTOKIB y Pi3HHX nepepisax anapa-
Ta Ta Y Pi3HHX arnapataXx MOJKHa BHSBHTH IIPH OJHOYACHOMY PO3IIIAAI i
PO3B’A3aHHI PIBHAHb MaTepialbHUX i TernmoBMX GanaHCiB. 3a LMX CaMHX
YMOB MOXHAa TaKOXX BH3HAYHTH BHTPATH OXOJOMKYIOUOro TEIIOHOCIH,
TEMIepPaTypH KiHLEBHX MPOAYKTiB, MOTpeGy B AONATKOBOMY NiABELEHHI
Tena abo eHeprii A yCHIlIHOro NPOBEEHHA JaHOTO NpoLecy Ta iH.

OcHoeHi noHamms i 3a2a/tbHI 3aKOHOMIPHOCMI npoyecie
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PiBHsAHHS MaTepialbHUX | TEIIOBUX (GHEPreTHYHMX) OaNaHciB NexaTh B
OCHOBI BHBYEHHS | PO3paxyHKy Oylb-SKOr0 TEXHOJOTIYHOro Npouecy i
BIAMOBIZHOrO HOMy amapaTta, BOHH X [al0Tb MOXUJIMBICTH YCTAHOBHTH
UUBIXH CKOPOYEHHS BTPAT MarepianiB i1 eHeprii i NMiJBMIINTH TeXHiKo-
€KOHOMIUHi IIOKa3HHKH poOOTH anapaTa abo yCTaHOBKH.

1.3.3 3akonu ¢pa3oBoi piBHOBaru B CHCTeMi

MeTor TEXHOMOTIYHOrO IIPOLECY € UNECTPAMOBAaHA 3MiHA MAKPOCKO-
NIYHUX BIACTHBOCTEN PEYOBHH, LIO 3HAXOMATHCA Y BU3HAYEHIH B3aeMOIil
onHoro 3 iHmum. SKuo B cHeremi 30anaHcoBaHi BCI NPOTHIICKHO HANPIM-
neHi Ha Hel BIUIMBY, TO CTaH TAKOI CUCTEMU Ha3HBalOTh PIBHOBaMHHM.

YMOBH PiBHOBATH XapaKTEPU3YIOTh CTATHKY IPOLECY, PO3PaXyHOK i
aHaNi3 AKOi J03BOJISIOTh BU3HAYMTH HAMPSIMOK 1 MOXJIMBI I'DaHULi, B Me-
Kax SKMX MOJKe IPOXOUTH IIPOLEC.

OnyH i3 HaliBAXIMBIIIMX 3aKOHIB TEPMOIMHAMIKH KOHCTAaTye, 1O pea-
JBHHMH MPOLEC MPOXOAUTE 3aBXKAH B HAPAMKY JOCATHEHHS PIBHOBaKHOIO
cTany. SIKLIO cHCTeMa He 3HAXOMUTBCS B PiBHOBA3I, TO B Hil BiOyBaloThCs
MPOLIECH, HANPSAMOK 1 IBUAKICTh TPOXOMAKEHHS AKX BH3HAYAIOThCA pobo-
4YYUMH fapamMeTpaMH CTaHy CHCTeMH 1 BEJMYMHOIO BIAXMIIEHb iX Bix mapa-
METpIB piBHOBATH.

Pozpin Hayku, M0 BUBYA€ PO3BHTOK MPOLECIB Y Yaci, BIIMB pi3HOMaHi-
THUX (i3UKO-XiMIYHHX NMapaMeTpiB Ha LIBUAKICTH NIPOXOKEHHS TIpOleCy,
a TAKOX 32 JOIMOMOTOI0 KOHKPETHHX 3alleXXHOCTel HO3BOIAE pPO3paxyBaTH
LIBMAKICTB NPOLECY, OJEpKaB Ha3By KiHETHKH.

be3 3HaHHY KIHETHYHUX 3aKOHOMIPHOCTCH HEMOXIIMRO IIpPaBHIRHO
BH3HAYMTH LUBMAKICTh MPOXOMKEHHS MPOLECYy, po3paxyBaTH i BUOpaTH
KOHCTPYKTHBHI pO3MIipH anapatis Ans XiMiYHUX BUPOOHHULITB,

PiBHOBa)XXHMi1 CTaH CHCTEMH PO3pPi3HAIOTH AK CTIMKUM — cTabinbHUH,
BimHOCHO CTilikuif — MeTacTabineHud i HecTilikuid — nabinenuil. TIpukna-
J0M CTabiIbHOT CHCTEMH € HEHACHYEHHMH PO34YMH COJI Y BOI, 10 36epirae
CBOI BJIACTHBOCTI HaBiTh NpHM OEAKHX 3MiHax mnapamerpiB crany. [Ipu-
KTaJoM MeTacTaGlIbHOI CHCTeMH € IIePeoXO0JIo/UKEHUI po3mnaB, wWo NpH
HAKMEHIIOMY HEKOHTPONBOBAHOMY BIUTHBI i3-30BHI (BIyY€HHI [OPOLIMH,
PYXOBi ITOBITPsI, MOIUTOBXY) Y OyOb-AKHil MOMEHT MOX€ 3aTBEPAITH.

CucteMa, mo He 0OMIHIOETLCS PEYOBUHOIO 31 CBOIM OTOUYEHHAM, Ha3H-
BACTECA 3AMKHEHOI, NMPU UOMY BOHA 3HAXOIUTHCA B CTaHi CTaTHYHOL
piBHOBaru, Hepyxoma i Jyxe CTiHKa, HE 3MiHIOE CBOTO CTaHy 3 4acoM.
3aMKHyTa CUCTEMA 3 HE3MiHHHMH TapaMeTpaMH MOX€E 3HAXOJAUTHCH AEIIO
B CTaHi YMOBHOIO CIIOKOIO Ha MaKpOpPiBHI CTaTHYHO! PiBHOBAaru, Ta y TOMH
caMuil 4ac ycepelnHi CUCTEMH Ha MiKpOpiBHi BinOyBaloThCcs Ge3nepepBHi
3MIHM MapaMeTpiB, TOMy WO B NPHPOAI MaTepid 3aBKAH 3HAXOZUTHCA B
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pnocriifHoMy pyci. Takuit craH CHCTeMH Ha3uBaKwTL JAHHAMIYHO
iBHOBAXKHHM.

V GinbmocTi Qizuko-XiMidHUX NpoleciB BiOyBaoThes MiXK(a3oBi B3a-
eMOJiii PEYOBHH, TIPHU LBOMY, K NPaBHIO, (a3u posfijieHi MK coboro
MiK(a30BOIO TPAHHUIIEIO,

@a3010 HA3UBAKTH OJHOPIAHY YaCTHHY CHCTEMH, BIIIUTEHY BiX
jHMX 11 yacTHH MDXK(Aa30BOIO rpaHuULElo, IPH HbOMY (azy MOXHa Mexa-
HIGHEMH criocobamu BitokpeMmuTy Big iHIIMX (a3, Dazu OyBarOTh HPOCTH-
MH — OJIHOKOMIOHEHTHHMM i CKJQJAHHMH — 0araTOKOMIIOHEHTHHUMH, TIPH
11bOMY KiNBKICTH KOMIIOHEHTIB (a30BOi CUCTEMH BH3HAYAECTHCA MiHiMalh-
HOIO KINBKICTIO XiMiMHO NOMITHHMX pedoBMH. Hanpwkiaza, cucrema, mo
CKIIAAAEThCH 3 BOAM, JbOAY Ta BOJSHOI IapH € OJHOKOMITOHEHTHOIO, e
pararodaszHoo, a BOJOre MOBITPs € 0AHOG}A3HOIO, ane HAraTOKOMIIOHEHT-
HOKO CHCTEMOIO.

Sxmio B i301bp0BaHHit 06’eM momicTuTH Oararodasny i Garatokommo-
HEHTHY CHCTEMY, TO B Hill MOYHYTh BiAOyBaTHCs 3ycTpiuHi IpoLecH oOMi-
Hy Macol0 Ta EHEPriero 1 3roJIoM y Hilf yCTAHOBIIIOEThCH CTAaH AMHAMiY-
HoY piBHOBAru, TOO6TO TakHH cTaH, KONH LIBHIKOCTI MpAMOro Ta obepHe-
HOI'C [pOLEciB NEPEHECCHHS YHCEIbHO BHPIBHIOWOThECA. [lofiOHe ABUILE
Ma€ Micle Ipy XiMidHIH piBHOBa3i, KOJIX IBHAKICTh NpsAMO] peakuii Aopis-
HIOE IIBHUAKOCTI oOepHeHoi peakuii.

PiBHORaKHHI CTaH, 10 BCTAHOBMOETECA B ONHOGA3HUX JBOX 4yH Oinb-
i€ KOMNOHEHTHHUX CHCTeMaX, Ha3UBA€TbCi TFOMOTEeHHHM — OJHOpix-
HHMM, [PUKIALOM SKOro MoXe OyTH HEHacHUEHHH pO3UMH COii y BO.IL.
PiBHOBa>KHMH CTaH, IO BCTAHOBIIOIOTHCS B CHUCTEMI MiX JEKiTLKOMAa KOM-
[OHEHTaMH 1 pi3HUMH 1X (a3amHu, HA3UBAETLCA IETEPOreHHHNM — HEOJ-
HopinHUM, [IpHKIaIOM TaKOTO CTaHy € NEPECH4YEeHHH pO3YHH COIi, B AKOMY
3HAXOJATHCS MIKPO3apOIIKH KPUCTAIIB.

Junamiuna pisHoBara (QisuyHa, ¢izsuko-ximiyna, xiMiyHa abo Gionori-
YHa) XapaKTEPH3YEThCA PAAOM 3aralbHHX Ta IHAUBiAyaJibHHX O3HaK: Blac-
THBOCTI CHCTEMH CTali; mpsmi Ta oOepHEHI mpouecH 30anaHcoBaHi Mix
co0or0; CTaH AMHAMIYHOI PIBHOBATH NOCATAETbCA AK i3 BOKY MPSMOT0, TakK i
3 6oky obepHEHOro npouecy.

CraH cuCTEMHU BH3HAYAETHCA CYKYITHICTIO mapamerpis il BIacTHBOCTEH
~ (a30Boro Ta XiMi4HOro CKJIally, TEMMEPaTypH, KOHLUEHTpALii, THCKY.
Kinpkictp HezanexxHux napaMeTpis, AKi MOXyTk OyTi BUOpaHi LOBiNbHO i
BH3HAYAKOTh 3HAUYCHHA IHINUX NAPaMeTpiB, HA3WBAETbCA KiJbKicTio
CTyneHiB BilbHOCTI.

Y TeXHONOrifX, fKi MOB’A3aHi 13 BUKOPHCTaHHAM ()i3UKO-XiMi4HMX i
XiMIYHHX mpoLeciB, BIJIHBATH HA LJIECOPAMOBAHY 3MiHY OKPEMHX napa-
MeTpiB CHCTEMH MOJKHA TiNIbKM Ha OCHOBI 3HaHb Ta MONIOKEHb 3aKOHIB
XiMil 1 TepMONMHAMIKH: NpUHUMIY 3MileHHs pisuoBaru Jle-IllaTeinbe,
npaeuia ¢as ['i66ca, 3akoniB [eupi, Payna, Konosanosa Ta iHmmx.

——
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BinnosigHo go mpunuumny Jle-1latense B cucreMi, BUBeAEHO! 3 piBHO-
Bard 30BHILIHIMH (axkTopamu, BigOYBarOTECS 3MiHH, CTpAMOBaHI NMPOTH
JIIOYMX CHJI B HANpPSMKY IOCATHEHHA piBHOBard, ToOTO HEpiBHOBaXKHA
CHCTEMA HaMAra€ThCst MOBEPHYTHCS 10 PIBHOBAXKHOTO CTaHY.

PizHuUs OHOWMEHHHX [1apaMeTpPiB CHCTeMU B AaHii ¢a3i Mixk pobodnm
i piBHOBa)XHMM CTaHOM, sIKa BH3HAHa€ Mipy BIIXWIEHHS X 3HauyeHb Bij
CTaHy piBHOBArH, Ha3UBacTbc PYWIiAHOI0 CHI0K NpoLecy.

Posrnsinemo asothazHy cucreMy cuib - Boga. Skwo B 100 r po3zumuy
npu AaHii Temneparypi pozuuHeHo X r comi, a B 100 r HACHYEHOTO PO3UM-
Hy IIpU Takiii caMifi TemrepaTypi 3HaXOIOMTbCAd X, T COJ, TO pyluiiiHa
CMNa IIpoLiecy JOPIBHIOE

AX=X-X,. (1.9)

[Ipy MO3MTHBHOMY 3HAYCHHI BENHYUHM PYyLUiHHOI CWIM B Ha3BaHOMY
NpHKIadi npoiec Mae BiaOyBaTHCs ¥ GiK HOCATHCHHS PIBHOBaXHO! KOH-
HeHTpauii i 3HXeHHs poboyol KOHIEHTpaLil coni B po3uuHi, TOOTO B CHC-
TeMi Gyne BinbyBaTucs npolec KpucTamisauii.

IMpu Bin’emuiii BeTHUMHI pyWiiHOI cMK mpolec Mae BiaOyBaTHcA B
HANPSAMKY HOCATHEHHS PiBHOBArd, To0TO y po3uuHi Mae BindysaTucs pos-
YHHEHHS COJIi | MiABHILEHHA Ti KOHLEHTpaLii.

Pymniitna cuia Qi3ko-XiMiYHHX MPOLECiB BHPAXAEThCH Yepe3 pi3HHU-
L0 THCKIB, TEMIIEPATyp, KOHIEHTpaLil i XIMiYHUX NOTEHLialiB,

[MpaBuno ¢a3 'ib66ca BCTaHOBIIOE 3B'430K MiXK KiJIBKICTIO KOMIIOHEHTIB
cucteMu K, kUibKicTIO a3 @ 1 KLTBKICTIO CTyneHiB BilbHOCTI C.

BignosigHo mo 3axony [i66ca s piBHOBaXXHOI CHCTEMHM KiNBKIiCThb
CTYNEHIB BITBHOCTI JOPIBHIOE

C=K-0+2. (1.10)

MMpasuno da3s [i66ca 103BoIE BUSHAUUTH YMOBH piBHOBaru B 6ararodas-
HHMX CHCTEMAX T4 KiTBKICTh HapaMeTpiB, SKi MOXHA 3MIHIOBATH B npouect.

PosriisitneMo YMOBH PiBHOBarH CHCTEMH Ia3oBa CyMill - pinuHa. [a3oBa
CYMIIIl CKNIaJa€ThCs 3 2 KOMIOHEHTIB: iHEPTHOTO ra3y - Hocis (OCHOBHHH
KOMIIOHEHT), L0 HE MOTJIMHAETHCS, 1 TA30BOTO KOMIIOHEHTA, [0 MOTIHHA-
eTbcs. Pinuna — ¢aza - po3YMHHUK CKIAJAETLCA 3 OJHOIO KOMIIOHEHTA,
TaKMM YUHOM, Y JaHiifl cHCTeMI KiNbKiCTh KOMIOHEHTiB K= 3, kimbkicTs
a3z & =2, Bi}moaiuuo 10 piBHﬂHHH (1.10) C=3 -2 + 2 =3, TobTO CHCTE-
Ma Ma€ 3 cTyneHi BibnocTi. OTKe, y POSTIAHYTIH CHCTEMi MOXHA 3MiHIO-
BATH TPH NIapaMeTpH: THCK, TEMIepaTypy 1 KOHUEHTpAIO.

3aekKHOCTI MDXK JeKibKoMa 3MIHHHUMHU NapamMeTpaMyu CKIIagHoOT CHCTe-
MH BinoOpaxaloTh rpadiuyHo y BUrngai Gpa3oBux AiarpaM piBHOBArH.

1.4 OcHoBHuii KiHeTHYHHI] 3aK0H (3AKOH NepeHeceHHs] MacH
Ta eHeprii). Knacudikauis npouecis i anaparis

HaliBasMBIIOIO KINBKICHOI XapaKTEPHCTHKOW OYan-Akoro oismko-
XiMiuHOTO npolecy € Horo MWBHAKICTh — KiHETHYHMH mapamerTp, w0
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noKa3ye, AKa KiIbKIiCTh Pi3nyHOl CyOCTaHIIT IEPEHOCHTBCS TIOTOKOM Yepes
OAMHHLIO IIOLLI TONEPEYHOTo NEPEPi3y NOTOKY B OAWHULIKO Yacy:

AM
W, = <, 1.11
0= (L11)

Jns intencudikanii Oynp-aKoro BUpoOHULITBA HeOOXiaAHO, mo0 uBKI-
KiCTh TEXHONOTIYHOTO Npouecy 6yia onTHMalIBHOIO.

Ha uIBMAKICTh MPOXOIUKEHHS MpPOLECY BIUIMBAE BETUKA KilbKICTh YHH-
HUKIB, O AKHX BiIHOCSTH MEXaHi3M B3aeMOJii IIOTOKIB, MapameTpH (Gizu-
KO-XIMIYHHX BJIACTHBOCTE! CEPEJIOBMIIL, XapaKTep IiapOoINHaAMIYHOL 1 MiXk-
dazoBoi B3aemogii Ta iH. BIIHB ycix HHX YMHHUKIB HA HIBMAKICTB MPOXO-
JUKEHHS TIPOLlecy B MPOCTOPI i yaci BUBYAETLCH B PO3ALTI (HizUKO-XiMiYHOT
KiHETHKH.

KiHueBUM pe3ynbTaToOM KiHETHHHHUX AOCHIMKEHb € KOHKPETHE KiHe-
TUYHE PIBHAHHA, SKe MICTHTh HeoOxinHy iHQOpMaIlilo TIPO OCHOBHI 3aKo-
HOMIpHOCTI ()i3HKO-XIMIMHHMX B3a€MOJIH B CUCTEMi Ta JO3BOJISE PO3pPaxo-
BYBAaTH IUBHMJKICTb IpoleCy 3a pi3HHX yMOB Horo peamizauii. lIBuakicrs
IpOLECy 3HA4YHO BIUIMBAE HA PO3MIpH anapariB, y SKUX peali3ylTbes
TeXHOJOTIYHI MPOLECH.

Kinetuuni 3akoHOMIPHOCTI MOXYTh OyTH IOJIaHi Y BUTJIAAI po3paxyH-
KOBHX 3a/exXHOCTeH ab0 rpadivHO KiHETHUYHHMHU KPHBHMHU.

Ha ocHOBi ekcriepHMeHTANIBHOTO BHBYEHHS Oaratbox (izuko-XiMiuHUX
TIpOLIECiB pi3HOMaHITHOI npupony Oyj10o BCTAHOBJAEHO, IO IXHI KiHETHYHI
3aKOHOMIPHOCTI MalOTh NOJIOHY CTPYKTYpY.

Bee ne nospommno copMymoBaTH OCHOBHHME KiHeTHYHMIA
3aKOH, BIANOBIZHO [0 SKOro WBHAKICTH Mponecy mMpsiMo mponopuiiina
pyuiiiniii cuai i o6epreno nponopuiiiHa YHHHOMY B nponeci KiveTny-
HOMY omOpy

W, = A , (1.12)
RK
Ae A, — pywiiiHa cuna npouecy; R, — xiHeTHYHHIT omip, WO nepeuikomKae
HIpAMOMY XOAY IPOLIECY.
Bpaxosytouu piBusanHs (1.11), ocHOBHMIT KiHETHUHKH 38KOH 3aIIMCYIOTD
B 00’ eqHaHil dpopmi
AM, A
0= thczR—Z’ (1.13) abo AM_ =K, -A,-Ft, (1.14)
Ae K, — xinernynuii koedilienT WBUAKOCTI NIpOLECY — BeTMYHHA, OOEpHE-
HO nponopuifina KiHeTHaHOMY onopy, K, = 1/R,.
Pignsuns (1.13) — (1.14) noxasyrots, wo s inrencudikauii mpouecy -
30inbuIeHHA HOTO WIBMAKOCTI - HEOOXiaHO 3GinmbwMTH pymiliHy cuny,

——
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MBUIIUTU KiHETHYHMH KoedillieHT IIBWAKOCTI abo, IO Te came, 3MEH-
IIHTH KIHETUYHHH omip.

Sk 3a3HayaNoCs BUE, pyIiiiHa CUTa mpolecy Moxe OyTH IojaHa y
BUTJIANI Pi3HULI poGoYoro i piBHOBaKHOIO MapaMeTpiB, XapaKTepHHX 1A
naHoro mponecy. JlokaneHa pyuifina cuna B ZaHMIT MOMEHT uacy abo B
JIaHOMy nepepisi Moxe OyTH MOJaHa y BUIJIAL Pi3HULI poOoyoro i rpanu-
YHO JAOCSHKHOTO napaMeipiB T BIUTHBOM SAKHX NPOXONUTH MpOLIEC.

Y 3anexHOCTI Bij (blsuqux npupoan cyOcTaHlii Ta pi3HOBUIY pymm-
HOI CHIIM BIAMOBIAHO 10 KIHETHYHOI'O 34KOHY OCHOBHI ITPOLIECH OIS~
I0TbCA Ha 5 knacie: 1) rigpomexaniuni; 2) TemnoBi; 3) MacooOMiHHi;
4) ximiuui; 5) GioxiMiyHi.

Kpim Toro, okpemo BHAIIEHHH Kac MeXaHIYHHX MIPOLIECIB, WO OIMCY-
IOTbCA 3aKOHAMH MeXaHIKH TBEPAHX TiX 1 He MiANOPAAKOBYIOTECA OCHOB-
HOMY KiHETHYHOMY 3aKOHY.

I'inpoMexaniuui mpouecu nos’s3ani 3 nepepoOKOI HEOTHOPIAHHX
CHCTEM ~ MOTOKIB PiJINH i Ta3iB, 0 HECYTH 3BaXKEHI AUCIEPCHI TBEpIi yac-
THHKH a60 Kparuli piJHHK 1 B3aEMOIIOTE 3 OTOUYIOYHM MOTIK MPOCTOPOM —
crucauM abo HectucnuM. Sk mepegaHa cybcraslis B mpoueci € 06’eMu
PiJMH 4H ras3is.

PymiifHoio CHIOIO TiIpPOMEXaHIYHOTO Npolecy € Pi3HHLA THCKIB Ha
NeBHOMY BiApi3Ky arnaparta. [ rifpoMexaHidHHX [IPOLECIB KiIHETHYRE pi-
BHSHHS 3a[IMCYETHCH B TAKOMY BUTJISAI:

v _ap a6o V=K. -AP-Ft, (1.15)

Ft R,
ne K. — koediuient meuakocti (MPOBIAHOCTI TIOTOKY) TePEHECEHHS
00’eMy piaMHHOIO cepenoBuina; AP — p13HHu;1 THCKIB — pywliHHa cHia
npouecy, H/M"; F ~ niowa nonepe4Horo nepepisy NoToKy, M t - iHTepBan
yacy, IPOTAroM SAKOTro BiaAOyBaeThCs mporec, C.

TennoBi (TemmooGMiHHI) mpouecH MOB’g3aHi 3 NEPEHOCOM EHEpTil 3
6inblI BHCOKOIO €HEPreTHYHOTO PiBHA HA HIDKYHMA, 1O HHX BiZHOCATH MPO-
LIeCH HarpiBaHHsd, OXOMOMKEHHS, BUMNapIOBaHHA, KOHACHCALl, MIaBIeHH,
3aTBEPIiHHA, KpHCTaNi3alil Ta iHIi.

PyLIiifHOIO CHIOI0 TEIUIOBHUX NPOUECIB € PI3HHLIA TEMIEparyp, a IBH/I-
KICTh TIPOLIECY BHIHAYAECTHCA HE TIIBKH 3aKOHAMH TEMIONEpPeHoCy, ane i
3HAYHOIO MipOI0 3a1eXHTh BiA TiApOAWHAMIYHMX YMOB, 32 SKHX BiaOyma-
€ThCS HEPEHECCHHA TeIlTa.

A1 TennoBHX NpoueciB KiHeTHYHE PiBHAHHSA Ma€ BUITIAA

Q A a60 Q=K -AtF-t, (1.16)
F-t R;
ae Q - KiNbKicTb nepemaHoro temna, JDk; At - pi3HHUA Temneparyp —
pyumma CHJIa npouecy Tennonepez[aqx K a6o °C; K, - koediuienT Temnno-
nepenaui (mposinHocTi Terma), Br/(M*K).
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Macoodominndi (audy3siiini) npouecu noe’sa3aHi 3 NEpeHECEHHAM
MAacH PedOBHHH 3 oaHiel dasu B inmy 3a gornomorow audysii (Monexynap-
Hoi Ta KOHBeKTHBHOI). JIo MacooOMiHHHX NpOLECIB BiAHOCATH abcopbuiio,
azcopOLiio, 1ecopbtiio, MEPETOHKY, peKTH(]IKallil0, BUCYIIYBaHH:, PO3UH-
geHHs, KpUCTali3allifo Ta 1HI.

PymriiiHOIO CHIO MacOOOMIHHMX NPOLECIB € Pi3HHIA KOHUEHTpaLlii
(po6o4oi i piB'HOBagmo'i) a60 mapuiaJbHMX THCKIB Ha MeXi moginy ¢asz i B
aApi IOTOKY BiZlIIOBIJIHO.

[IIBHAKICTh MPOLECY BH3HAYAETHCA AK 3a 3aKOHAMH (i3MKO-XiMi4HOT
piBHOBArd y q)a3ax TaK i 3a riApOMEXaHiYHIMH yMOBaMH B3aeMonii ¢a3 y
MOTOKAX, iHOMI CYNyTHIMU MAaCONIEPEHOCY MPOLIECAMH NIEPEHECEHHS TELIIA.

Jlns MacooOMiHHHX MPOLECiB KiHETHYHE PIBHAHHA Ma€ BHTIIAL

_M_:A(;’ abo M=K, -AC-F-t, (1.17)
F-t Rj
ne M - Maca mepefaHol pe4OBHHH, KT; AC - pi3HMLS KOHLEHTpauii -
pymmna CHITa TIPOLECY Macornepeaadi, KI‘/M K, — koediuieHT Mixdazo-
poi Maconepeadi, Kr/(M>c-0.p.c.).

Ximiuni (peaxuiiini) nporiecu moB’s3aHi 3 XiMIYHUMH TePETBOPEHHS-
MH pearylouiX pedoBHH B iHIII XiMiYHi CIONYKH i MPOTyKTH, T00TO B XiMiU-
HUX MPOLECaX [0YaTKOBI PEUOBHHY 3a3HAIOTH KOPIHHMX CYTTEBUX 3MiH, LIO
NPU3BOIHUTH JO TIOSBH B CHCTEMi HOBHX XIMIYHHMX CIONYK. XiMidHi IPOLIECH
MPOXOAATh Y 3aMKHYTOMY 00’€Mi 1 MOXYThb NapajelbHO CYNPOBOKYBATHCS
IIEpeHECEHHAM MacH i TEMJIa, L0 3Ha4HO YCKIaNHIOE IXHE BUBYEHHS.

PyuriifHOIO CHIIOIO XIMIYHHX NpPOLECIB € Pi3HUUA KOHLEHTpaliif pevo-
BHH, 1[0 PearyoTh i AKi IIBUAKO 3MIHIOKOTECA Y CHCTEMI B 3aJIE)KHOCTI Bil
4acy i JIOKAIBHOTO Mepepisy peakTopa.

Jlng xiMi4HHX [IpOLECiB KiHETHYHE PiBHAHHSA 3alUCYIOTh Y BUIIAMI

AM _K©) , abo AM =K -f(C)-Vp-t | (1.18)
Vot Ry
ae AM - KUTBKICTB PeYQBHHH, IIIO TIpopearybaia B npoueci, kr; V, - po60-
4mit 06’eM peaxTopa, M’; K, — KiHeTHunmMit KOC(l)lHlGHT IIBHJKOCTI XiMi4-
Horo npouecy; f (C) - q)ym(um 3MiHM KOHIEHTpaLii PEUOBUHH, 1O pearye -
pymiiina cuna ximMiuHOro npouecy.
Ias pesikux MacooOMIHHMX NPOLECiB, YCKJIAQJHEHHX XIMIUHOI peakili-
€io abo a3oBHUMM IepexosaMu (HaPUKIAX KPHCTANI3ALIEI0), KiHETHYHE
PIBHSHHS 1HOAI 3aNHUCYIOTH Y BUIIAAIL

AM, =K -AC™-F-t , (1.19)

e n - OKa3HHK, BeJIMYHHA SKOTO OiNbIlia Biji OAMHHIL, IO BJIACTUBO 1A
XiMiyHMX i 6i0XiMIYHHX mporeciB, n=1,2 - 2,5.

—
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Ta6muus 1.2 - Knacndikauis npouecis i 061aananns xiMivnux,
ra3o- i HagTonepepoOGHNX BUPOGHHITB

Hpouecn |

Anapatd i MamuHH

l'inpoMexaniunui

BiacToroBaHHA

BigcTifinuxu

InepuiiHoi 0OUHCTKH

Cenapatopu, xanto3ifHi amapaTu

®notauil

@noTaTopH, dhnoTauiiui Manmuu

HeutpnyrysaHus

Lentpudyru, uuknonn

DineTpyRaHHs

®insTpH, enexrpodinbTpH

Pyxy y npouapkax Hacaiku

Cxpy6epu

Pyxy y 3epHUCTHX NpoOluapKax

AnapaTi 31 3BLKEHUM LIAPOM

TepemilyBaHHs Miwanku

Tennosi
Harpisanns TennooOMiHHUKH
Ox0J100XKEeHHA XonoaunsHUKH
Bunaprosanus BunapHukH
Kounencauit KoHnzeHcaropu
IMnaBnenns TlnaBuneHi Ka3aHH
CnanoBaHH4, BUNAIIOBAHHS Ileui

Macoobminni
Abcopbuii Abcopbepu
Ancopbuii Ta ioHooOMiHy AncopbepH, i0HOOOGMIHHHKH
JHecopbuil Hecopbepn
Teperonkw, muctunsii, pextndixauii | Ileperinui kyGu i pextidikauiiini KosoHy
Exctpakuil Exkctpakropu, audysilini anapati
Kpucranizanii KpucTanizaropu
Bucyumysanus Cywapku, cyuapku-rpaHyasTopu
Ximiuni i HadToximiuui

OxuCIFOBaHHS PeakTopH 3 nepeMillyBanbHUMH NPHCTPOAMHY,
Aepaunif Aeparopu

Posxnananus (xpekiHry)
IinpyBaHHs, aeriapyBaHHs

PeaxTopu 3 npoluapkaMH KatatizaTopa

Mexauiuni

[Monpi6HioBanns

JpobapkH, ManHK

3MimyBanHs

3MiwryBayi

Poscisy (knacudikauii)

I'poxoru, cuta

Jlo3ysaHus Jlo3aTOpH, KUBHIIBHHKH
[padynioBaHHs MeXaHI4HOrO ['panynaTopi, npecH
TpaucnopryBanns Tpancnoprepu
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MexaHniuyHi [pouecH BiTHOCATH O NEpepoOKH TBEPAMX MaTepiamis
i cknamaroThes 13 HpoleciB NoApiOHIoBaHHA, KiacHdiKalii, cyxoro Ta
BOJIOTOro 3MIllyBaHHS, JO3YBAHHA | TPAHCMOPTYBaHHA, IpaHysLil, Tabne-
TyBaHHS Ta iHLII.

PyunifiHOIO CHICIO MEXaHIUYHHMX MPOLECIB Yy UbOMY BHOAAKY € Pi3HHIA
MEXaHIYHHX CcHI (CTHCKY, pPO3TATY, 3CyBy, 3pi3y Ta iH.), W0 OilOTh Ha
TBEpAE TiJIO, TOMY i TYT WIBHAKICTH NpOLECY BH3HAYA€TbCA 3aKOHAMHU
MEXaHiKH TBepAHX Till.

V tabnuui 1.2 HaBeneHa kiacH¢ikaLis OCHOBHUX NPOLIECIB 1 00aagHaH-
HA XIMIYHHX i HadTomepepoOHUX BUPOOGHHULITB.

Bignosizso Ao knacudikauii OCHOBHHX NpOIECIB 32 THMH CaMHUMH
03HAKAMM Knacmpucylon; anapaTi i MalMHK JUIK IPOBENCHHS NPOLIECIB.

IHoxi B amapaTi MOXXYTh OJHOYACHO MPOXOAWTH JAEKiNbKa MPOLECIB,
TOMYy FOro BapTO BIAHOCHTH JIO TpymH OOJa/HAHHA, Y AKOMY NIPOXOOHUTh
OCHOBHHMH TeXHOJIOr4HUIA IIpoleC.

1.5 3aranbpHi npuHOKBNHE PO3PAXYHKY
i BH3HAYeHHs OCHOBHMX pO3MipiB amapara

3amadaMH po3paxyHKy NpoLecy i BiANMOBiAHOTO HOMY amapara € o0rpy-
HTOBaHHH BHOIp 1 pO3paxyHOK TEXHOIOTIYHHMX IapaMeTPiB, BH3HAUCHHS
IIBUIKOCTI NpOLECY, @ TAaKOXX BH3HAYCHHS OCHOBHUX KOHCTPYKTUBHHX
po3MmipiB anapaTa - Ziamerpa, BUCOTH (JOBXHHH) Ta iH.

TexHONOri4HI PO3PaxXyHKH MpPOIECY CKIAJAIOTHCA i3 TAKMX OCHOBHHX
€TalliB:

1) ynopaakyBaHHs po3paxyHKOBOI CX€MH alapara 3 HAaHeCEeHHSIM Ha Hel
ycix BUXIAHHUX ITApaMeTpiB y BIAMOBIAHMX TOUKAX i Mepepizax;

2) cknanaHAd pIBHAHB MaTepianbHHUX 1 TemioBHX OanaHciB mporecy,
BH3HAYEHHS KUJILKOCTEHN ONep)KyBaHMX MIPOAYKTIB 1 BATPAT €Heprii;

3) Bubip BiANMOBIAHOMY NpPOLECY KiHETHYHOTO PIBHAHHS, PO3pPaxyHOK
cepenHboi pywmiiiHol cuiM i KoedinienTa WBUAKOCTI IIpolecy;

4) po3paxyHOK BH3HAUaJbHHX KOHCTPYKTHBHHX INapaMeTpiB anapara -
#oro nepepisy (ziamMeTpa), BUCOTH, IOBEPXHi HACAKH T4 iH.;

5) BUKOHaHHS NEPEBIPOYHHX i YTOYHIOBATEHHX PO3PAaXyHKIB anapara.

ITokaxemo Le Ha NpUKIadi po3paXyHKy HacaiakoBoro aGcopGepa
(nue. puc.1.4).

Hexail y ckpybep HamxomuTh V, M’/c ra3oBoi cyMillli, B skiil HasBHMI
KOMIIOHEHT, L0 NOrIHHAETLCSA BOJOKO, Y KinbKOCTI Y,y (00’ €MH. YacTko10).
KoHuentpallis razoBoro KOMIIOHEHTa, IO MOTJIMHAETLCA, Ha BHXOI1
i3 anapara 10piBHIOE Y. ITpoliec MOrIMHAHHS ra30BOTO KOMIIOHEHTA Bijl-
Oygaetses npu T = 25 °C. 3polenHs anapara BEAEThCA BOJHUM PO34HHOM,

[S—
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AKMil  TIOJJa€Tbcd B amapaT  3BEpPXY, KOHIEHTpalis  TOTJIHHY-
TOro rasy Yy PpO3u4MHi Ha BHXOAI 3 abcopbepa mopiBHIoE X
(KMonb pe4OBHHH / KMONIb BOAH). BH3HAUMTH miameTp amapara Ta BHUCOTY
MIPOIIAPKY HAaCaIKH.

Yol
L X. Pucynox 1.4 - PospaxynkoBa cxema
b %—J B npouecy abcopbuii B HacagkoBomy
ik t Hat Yo amapari:

a - cxema abcopbepa; O - 3miHa pobo-
9AX | PIBHOB@KHHMX KOHLEHTPALid rasy,
10 TIOTJIMHAETHCA, [0 BACOTI anapara;

A - mojgaya Tra3oBoi  cymiii;
B — BigsedeHHs O4YMIIEHOTO rasy;
B - nomauya pozuuny; I' — Bigsememns
po3urHy (abcopOeHTy)

I Bu6epeMo mpoTHTEYIHHUI ara-
paT HAacaAKOBOTO THNY, aGcopOeHT (BOAHUN PO3uMH rasy, IO HOIIHHAETh-
cd) i3 KOHUEHTpauiero X, mojgaerbcs 3BepXy. CKIageMo po3paxyHKOBY
cxemy mnpouecy. BubGepemo Bum i po3mipd Hacamku 3 Tabmumi XVII
[10, c. 524], BunuieMo ii OCHOBHI XapaKTEPHCTUKH: THTOMY MOBEPXHIO i
BiIbHUit 00’ €eM.

2 CxiajeMo piBHAHHA MaTepianbHOro banamcy npouecy abcopouii:

v, _ :
AM=—22—04-(YaH—YaK)=L-(XK—XH), (1.20)

b

ae  AM — MacoBa BUTpaTa KOMIIOHEHTA, LU0 MOTJIMHAETHCS B Tpoueci
abcopbuii, kmonb/c; L — macoBa BHTpaTa pimunH-aGCcopOEHTY, KMOIB/C;
Xk, Xy — KOHLEHTpalis peyoBWHH, LIO MOIIMHAETHCH, B abcopbeHTi Ha
BHXO/ i Ha BXOJi anapara BiJlIOBi{HO, KMOJIb ra3y/KMONb BOJIH.

3 nisoi wacTuHH piBHAHHA (1.20) 3HAXOAUMO KIABKICTH NOFITHHEHOrO
KOMIIOHEHTa, a TOAiI BHUTpaTy abcopOeHTy

-~ Vo . Yau- yaK)
22,4 Xk
Sxio npouec abcopbuii 3a yMOBOI IPOXOIUTS TIPH CTallil TeMneparty-
pi, TO PIBHSHHSA TEIUIOBOro GajnaHcy CKIAafaTH He Tpeba.

3 KinetnuHe piBHAHHA nponecy abcopOuii Biamosigae ocHOBHOMY piB-
HAHHIO Maconepesadi (1.17) i g AaHOTO BHNaAKY 3allMCY€EMO TakK:

(1.21)
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AM =K, AY, F, (1.22)

ge K, — koediuieHT Maconepeaayl cTocoBHO razoBoi ¢asu; AV, - cepeans
pylLiiiHa CHIa mpouecy abcopbuii B r:fnoxaiﬁ (basi;zF — 3arajbHa [10BEPXHA
Macoreperniayi, fika JopiBHIOE IIOBEPXHi HACAAKH, M.
4 I3 piBHsHHA (1.22) BUBHAYMMO II0BHY MOBEPXHIO HACAIKH:
AM

F=——""
Ky-AYe,

5 Cepennsa pyuiiiHa cuna npouecy abcopbuii Moxe 6yTH 3HalineHa Ha

OCHOBI CepeIHbOI0rapHPMIYHOT 3aIEKHOCTI
Y, = AY,—AY, ,
P In(AY,/AY,)

ne AY., AY, - pyuiiiiHa cuia mnpollecy B ra3oBiil ¢azi Ha Bxoni B amapar i
Ha BUXOJi 3 HBOTO BiMNOBIAHO, AY, =Y, — VY, AV =Yu—VY4; VY,
Yp — PIBHOB2XHA KOHUEHTPALisi KOMIIOHEHTA, MO NOIJIMHAETECS, B Ta30Biii
dazi Ha Bxopai i BUXozi rasy.

3mina pymiiiHoT cuim npouecy abcopbuii o BUCOTI anapara oka3aHa
Ha pHc.1.4, 6.

6 KoedinieHnT Maconepenaui B HacakoBoMy abcopbepi po3paxoByeThCs
32 KpUTEpiaNbHUMH PIBHSHHAMH (6.45) i (6.46) [15, c.294].

7 Ulsuakicts Ta3y B nepepizi abcopbepa moxe OyTH po3paxoBaHa 3a
eMIipuuHKM piBHAHHSM (6.36) [15, ¢.292].

8 MiameTp amapaTa 3HaXOJUThCA 3 PIBHAHHA 00’ €MHOT BUTpaTH razy

Vo=w-f, =§-D§-w,

4V v
Da=1/ © _113/-2 . (1.25)
W w

9 O06’eM HacaZKOBHX Till NMOB’S3aHUI 13 iaMeTpoM amapara, BHCOTOIO
IpolIapKy HacaJaKH, THTOMOK MOBEPXHEIO Hacaaku (G,) i HOBHOIO ii MmoBe-
PXHEIO TaKOIO 3aIEXKHICTIO!

(1.23)

(1.24)

3BiAKH

F
V,=2D2.H, =2 . (1.26)
4 Oy
10 Ha 6as3i piBHaHb (1.22) i (1.26) 3HaX0AMMO MOBHY BHCOTY HacaAKH
4. AM
H, = , 1.27)

- 2
Ky AYg, 0, Dy
Ae G, - mUTOMA MOBEpPXHA 0OpaHoI HacaIKH, MM
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O6yHCIIeH] BEIHYUHY T€OMETPHYHHX PO3MIpPIB anapaTa € po3paxyHKo-
BHMH 1 X BAPTO OKPYTJIMTH 10 HAHOMMKUMX CTAHAAPTHHX (Ui UMTIHAPH-
yuux 0600HOK) abo [0 UIIMX 4YHceN (Ui JTiHIHHUX PO3MIpIB — AOBXKHHH
Tpy®6, BUCOTH HACANKHM Ta iH.). B3aTi micna OKpYT/IeHHS posMipy HasHBa-
I0Th BHKOHABYHMH PO3MIpaMH.

SIx npaBmyo, Po3paxyHOK amapara He Biapasy Hae MOTPiOHMA pe3ylb-
TaT, iHOZi 06’€M amnapara BHXOIMTb HaJMIpHO BEIHMKHM ab0 Iyke MajluM.
V 1pOMY BMIAAKY BHOMPAIOTH {HIUHII THN HACAAKH Ta iHIi i po3MipH, a
TaKOX 3MiHIOIOTh YMOBH PoOOTH anapara (MIBHAKICTh pyXy rasy B anapari,
I{bHICTh 3POLIEHHs, TEMIIEPATYPY, THCK Ta iHILI NapaMeTpH).

SIKImo B pe3yJIbTaTi PO3PaxyHKIiB pO3MIpH anapara OTpUMaHi 3aHAITO
BEJIMKHMH, TO OepyTh JeKiIbKa OJHOTHIHMX ANapaTiB MEHLIHX PO3MipiB,
3’€IHAHUX MapalenpHO OCHOBHHM TeXHOIOridHMM TpyGonposonam. Lle
yacTo OyBa€ BUMIIHMM Yepe3 MOXIMBICTh MiAKIOYaTH abo BiAKIIOYAaTH
4aCTHHY amnapaTiB MpH 3MiHi HA YCTaHOBII HABAHTAXKCHHSA 332 CHPOBHHOIO,
1110 IEpepodNAEThCS.

slkuio amapar Mae€ BEJIMKY BHCOTY, TO BCTAHOBIIOIOTH JeKiNbKa MOCHi-
JIOBHO CHOJY4€HHX amnapaTiB OJHAKOBOTO AiaMETpa MEHIOi BHCOTH, IO
3HAYHO 3HWXKYE KamiTajbHi, eKCIUlyarauiliHi Ta €HepreTH4YHi BHTDATH.
OcraTouHe pilleHHs NpO BHKOpHCTaHHs Ti€l abo0 iHmOI TeXHOMOTiYHOI
CXEMH Ta NPO B3sTi po3MipH i KilIbKicTh anmapaTiB Moxe GyTu 3aTBEpIKEHE
Ticns BUKOHAHHA TEXHIKO-€KOHOMIYHOro OOIPYHTYBAaHHS Ta MOPiBHAHHSA
pi3HOMaHITHHX BapiaHTiB pealizauii mpouecy.

Konmponeni 3anumannn

1 Axi kinvkicui 3axonu ximii Bu snaeme?

2 Ax hopmymotomues 3axony 36epedcenns macu ma enepeii?

3 ¥V womy nonszae cymo (pazoeoi pieHo6azY 8 CIAMUYHUX CUCMemax?

4 Haeedims npuxiadu gazoeoi pienosazu ¢ 2- ma 3- asnux cucmemax.

5 o Hazueaoms weuoKicmio (izuxo-ximiuno2o npoyecy i 6i0 Akux napamempie oxa
3quexcums?

6 Axi ocrosni napamempu npoyecy Bu snacme | AK 80HU 6RIUBAIOMb HA WEUOKICTL
11020 nPOxXOOHCEHHA?

7 ILjo Ha3UEAIOMb PYWLITIHOIO CUTOID NPOYecy ma y AKOMY HARPAMKY 6iH Npoxooums &
sanexcrocmi 6i0 3naKa pywitinol cunu?

8 Ax cpopmymoembes ocHOSHUN  KiHemuunuil 3GKOH CMOCOBHO  (Qi3uKo-XiMiunux
npoyecia?

9 Ak POpMYAEMBCR OCHOSHUT KINEMUYHUT 3aKOH OO0 2i0posexaniunux npoyecie?

10 Cehopmymoiime ocroeHusi KIHEMUUHUL 3AKOH OO0 MeNI0O0OMIHHUX NPOYECIE.

11 Ha axux npunyunax 30CH08aNA Kaacugixayis npoyecié i obradnaunus Ximiunux
supobHuyms?

12 Sxi 8udu 061a0HaHHA SUKOPUCTMOBYIOMB ¥ XiMiunux [ HaghmonepepobHux 6upo6-
Huymeax?
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PO34INn 2

OCHOBHI ®I3UKO-XIMIYHI BJIACTUBOCTI
PEYOBMH | IXHE BUSHAYEHHSI

Y yvomy posoini ...

Tpoxu npo npupody peuosuH.

SK smiHUmMU dzpezamHull cmaH pevosuHu?

ITpo Haliearkauesiwi enacmueocmi 2asie i piouH.
Hasgiwo nompibHi KpumuuHi napamempu?

HuM NOPOUOK SIOPI3HSEMBCS 810 YeaIUHU?
IMopaxyemo weuodKo KinbKicmes NiUUHOK Y MOHHI
nicky.

L R R R N R J

2.1 OcHoBHi NOHATTH | BUZHAYEHHS PO NPHPOAY PEUOBUH

Haskommuniii ¢BiT HAA3BMUANHO PI3HOMAHITHHI: HaC OTOYYIOTh Npel-
CTABHHMKH XHBOI 1 HE)XMBOT NPUPOAH, MU CIIOCTEpiraeMo 6araTo GpiznyHHX i
(i3uKO-XiMIYHMX sBULI TPHPOAH, caMi OepemMo aKTHBHY y4acTh y ixHiH
3MiHi, CaMi BTPy4YaeMOCh B TIPUPOJHi NMPOLECH, MU JKMBEMO Y CBIiTi pi3HO-
MaHITHUX MaTepianbHUX CyOcTaHLiMH, pEUOBHH 1 pedeH.

PeyoBuHA — MpOAYKT BH3HAUCHHX (i3HKO-XIMIUYHHMX NpHpoxHux abo
WITYYHUX TMpPOLECiB, BOHO XapaKTePH3YeThCsl MEBHHM THUIOM (ha30BOIO
CTaHy i BU3HAYCHOTO XiMIUHOrO CKiIany.

CupoBHHA — PEUOBUHA TIPUPOJHOTO YK LITYHHOTO TMOXOMKEHHS, LU0
nepepobnseTeCs B OyOp-AKOMYy TEXHOJOTIYHOMY Mpoueci Ha BHpi® uu
HaniBpabpukar.

IIpoayxr, piv, BHPi6 — pe3ynpTaT LiJecnpAMOBaHO! AIANIBHOCTI JOAH-
HH JUTS 3310BOJICHHSA CBOTX XXHTTEBHX Ta IHTEIEKTYaIbHUX MTOTPeD.

Ximiunnii ckJax - OHe 3 OCHOBHHX KOHCTHTYTHBHHX BIaCTHBOCTEM
PEYOBHHH, Bijl SKOr0 3aI€XKHTh HOTO CKNaj i Gi3HKo-XiMiuHI BIaCTHBOCTI.
Croroani sizomo Ginblie Hixxk 2500 npUpoaHuX 3’€XHaHb, PEYOBUH i MiHe-
pammiB i Ginbiue Hik 3 MinbHOHN PiSHOMAHITHHX XIMIYHUX CTOJYK.

Haiipaxnupimoo  ¢i3HKO-XiMIYHOK  XapaKTEPUCTHKOI  pPeYOBUHU
(matepii) € i arperaTumii cran (AC), wo Bu3Hayae OyIOBY PEYOBUHH, Ti
bi3uko-XimMiuHHIl CKJIaJ, & TAKOXK XapakTep MIXKMOJEKYJIAPHUX 3B’ s3KiB,
AKTHBHICTH 1 LIBUIKICTEL B3a€MOi1 pEYOBHH Mik c000F0.

ArperarHuil CTaH 3aJIE)KUTh BiJ| XIMIYHOTO CKJIaly, TEMIEPATYPH 1 THC-
Ky, NIPY TOYHO O3HAUEHHX TEpPMOJMHAMIYHHMX yMOBAX BinOyBacThCa mepe-
XiZl peYOBHHH 3 OMHOrO arperaTHOroO CTaHy B iHIIMIA.
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I'a3 — HekoHOeHcoBaHUi AC peYOBHHH XapaKTepU3y€eThCS BiACYyTHIC-
TIO TMOPAAKY Y B3a€MHOMY PO3MIIIEHHI aTOMIB i MOJIEKYH, MPH LbOMY
OCTaHHi 31iHCHIOIOTh XaOTUYHI NEPEMIIEHHS Y BCIX HANPAMKAX Y 3aMKHY-
ToMy 00’emi. TTiABHINEHHA TeMIepaTypu cIpuse 301NbIIEHHI0 KiHETHYHOT
eHepril CKIa/JoBUX YaCTUHOK ra3y 1 B KiHLEBOMY MiACYMKY NPHU3BOIHTE IO
PO3pHBY XIMIYHHMX 3B A3KIB 1 JO IIABHIIEHHSA XiMIYHOI aKTHBHOCTI PEYOBH-
au. Tlpu Temneparypax uiux Hik 5000 °C ras ioHi3yerbes i mepexojuTh
y naa3mMoBuii crad. ITinBuIeHHs THCKY npH 3MiHI AC 3BOAUTBCS A0 CKO-
POUCSHHA MDKMOJICKYJIAPHUX BifICTaHEH 1 10 YTBOPEHHSA GiNbLI TICHUX XiMi-
YHUX 3B’sA3KiB. Tak, CTHCK BOJHIO 0 THCKY IoHay 50 Tuc. aTMochep npH-
3BOAMTH J10 mepexoy B iHmui AC Ta 1o OABY PEUOBHHH 3 LIITBHHUM yma-
KYBaHHSM, BIacTHBOI MeTaslaM. 3HHXKEHHS TEMIIEpaTypH 3MEHIIYE KiHETH-
YHY SHEpTil0 aTOMIB 1 MOJIEKYJI, WO MPH3BOJAMTH JI0 NOCTYTOBOTO MEPEX0-
ay AC peuoBHHHM 3 ra3onojibHOr0 CNOYaTKy B piIMHHMIA, a MOTIM y TBEp-
IuH cTaH.

Pinuna — xonnencoBanuii AC peyoBUHH, SKOMY BIAacTHBA “‘ONKHS
YIOPSAKOBAHICTD Y PO3MILIEHHI aTOMIB i MOJIEKYJ y KBa3iKpHCTATIYHHX
KOMILIEKCax i MOBHA BIACYTHICTH “AaTbHBOT — rparyactoi ynopaaKOBaHo-
cTi. PinuHa 3asxau 3afiMae dhopMy Toi nocynunu, 1o Bmimye 1.

Trepanit AC xapakrepu3yeTbCs ILIUTBHUM YNaKyBaHHAM 1 HaWOinb-
LIOK) YMOPSAJKOBAHICTIO ¥ B3a€MHOMY PO3MIllIEHHI aTOMIB i MOJIeKYJ Ans
KPHCTAJIIYHUX PEYOBHH. BifcTanbs MK LEHTpaMH aTOMIB JUIl THX CaMHX
XiMIYHHMX €eJIGMEHTIB ITPAKTUYHO OJHAKOBO, 4 BiCTaHL MK aTOMaMH pis-
HOMAHITHHX eIEMEHTIB BH3HAyae OyJTOBY KPMCTANI4HOT IPATKU PEYOBUHH,
IpH LIbOMY B TpaTlLi NepeBaXkae KONHBATBHUN THI pyXy aroOMiB i MONEKYIL.
s aMopHUX TBEPAHX TiJl XapaKTEPHOIO € MeHII yIIOpAJKOBaHA CTPYK-
Typa “OyAiBensHUX ONOKIB” 1 MONEKYISIPHUX JIAHIUOTIB,

VYMOBH PiBHOBaXXHOTO iCHyBaHHS Pi3HUX AC /I KOHKPETHOI PeYOBHHH
BH3HAUYAIOTRCA PI3HOMaHITHOro pody Jiarpamamu (a3oBOrO CTaHy B
3aJIEXKHOCTI Bij il npupoH, OyA0BY, TEMIIEPATYPH 1 THCKY.

Jins iHAMBigyanbHOi XIMIYHOT CIIONYKH iCHYIOTH KPHTHYHI TapaMerpu
— iHAMBiAyaJbHI KOHCTAaHTHU PEYOBUHH, LIO BH3HAYAIOTH YMOBH (Pa3soBHX
HepexoiB i 3 pigKoro B ra3onoiibHuH cTaH.

OCHOBHMMH KPHTHYHHMH KOHCTA@HTaMH DEUOBHHH € KPUTHYHA TEM-
NepaTypa, KpHTHYHHH THCK | KpUTHYHHI nuTtomuii 06’em. [[ng Gara-
THOX PEUOBHH Li NapaMeTpH BU3HAYEHI EKCIIePUMEHTANbHO i ToaHi B Ta6-
aungx abo Ha rpadikax, y AeSKHX BHNAAKax X MOXHA pO3paxyBaTd 3a
JaHWMU JiTepaTypHux axepen [1, 2, 16,20, 21].

Po6oua Touka Ha jiarpami CTaHy, IO BpaxoBye po6Goui mapameTpu
(ax MiHiMyM — 1Ba) CHCTeMH, 103BoJsd€ BH3HaunTH AC peyoBMHH i
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HaNpPAMOK PyXy IIpoLleCy IIpH 3MiHi pobodHX mapaMmeTpiB (KOXHOTO
oKpeMO ab0 B CYKyITHOCTI) CHCTEMH.

Hmxdye BEeIBMH CTHCIO, B paMKaX PO3IJSHYTOrO PO3JiNYy, BHKNAACH]
yaitOUIBII TIOLUIMPEHI METOAM PO3PAXYHKY OCHOBHHX (bi3UKO-XIMIUHHX Bia-
¢THBOCTEH PEUOBHH y ra30BOMY, MApOBOMY CTaHi i pinunHomy AC.

JInsg BUKOPUCTaHHA B MPAKTHYHHX PO3paxyHKax 3aBxIH BapTO Biajaea-
TH TIEPEBAry CKCIEPUMEHTAIbHUM NaHUM i TIIBKH Yy BHIAAKY iXHbOI
BIICYTHOCTI MOKHa CKOPHCTaTHCS PO3PaxyHKOBUMH DIBHAHHAMH 1 Kope-
MALIAMH.

2.2 Bu3sHa4YeHHH OCHOBHAX (iznKko-xiMiuyHHX
BJACTHBOCTE peuoBHH
2.2.1 BnacruBocTi rasis i razoBux cymimeit

B ocHOBI po3paxyHKIB IHAWBILYalIbHUX BIACTHBOCTEH rasie i ixmix
cyMilllel Jie)aTh ra3oBi 3aKOHH, L0 BUPAXKAIOTb CHIBBIIHOLIEHHA MiX Te-
MIIEPATYPOIO, THCKOM i 00’€MOM ra3ib.

006’ennanuii razosuii 3akod (Boiing — MapiotTa i eif — Jlroccaka) ms
ifeanbHOTO a3y 3afuCyIOTh Y (JOpMi 3aexHOCTI

Po-Vo _B -V, , @1
To T
3 AKOi BHIUIMBAC TaKe:
P, T QR73+t)HP
V=V, 2-L=v .—1)_0, (2.2)

P-T, © 273p

Ze P, i P, - tcku 3a HopmansHHX (=0 °C, P,=760 mm pr. cT. =
=1,013 6ap = 10° Ila) i poBounx ymos Bixnosimmo (Gap, ITa, at™.); V.,
V) - 06’eM razy 3a HOpMaTbHUX 1 poGOUUX yMOB, M’ ; To, Ty - abcommoTHa
TEMIIEpaTypa rady 3a HOpMaJIbHHUX i pobouHx yMOB BioBiaHO, K.

Bijgoma Takox iHIIa (opMa pIBHAHHS CTaHY iAeanbHUX TasiB, BiANOBiA-
HO [IO SKOTO

P-V;=n-R-T;,  abo PI-V1=%-R-T,, (2.3)

Ze n — KUIBKICTB KiTOMOJIEH ra3y; m - Maca rasy, yTPHMYBAHOIO Y BM3Ha-
deHoMy 06’emi Vi, kr; M — BifHOCHa MOJBHA Maca Tasy, KI/KMOIb;
R — yniepcanena rasosa crana, R = 8314 I/(kmons-K).

BpaxoByroun, 0 TYCTHHA pPEYOBMHM BH3HAYAETHCA AK Maca, yKia-
AeHa B oAMHHLIO 00’eMy, i3 piBHAHHA (2.3) mns pisHOMaHITHHX rasis 3a
Po6oYHX i HOpMaTBHHX YMOB BiAOBIAHO 3HaM IEHO

[ —
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m M P m M P,
= 2.4 =— . 2.4
PEV R PP Pty R, 2.4
3i crinbHOTO PO3B’A3KY piBHAHB (2.2), (2.4) i (2.4') orpuMaHO
To I)l
=Py —— . 2.5
P1=Po T, P, 2.5)

BinnosigHo 10 3ak0HY ABOrazpo OAHH MOJb OYyAB-AKOTO ra3zy MICTHTh
OIIHAKOBY KIJIBKICTh MOJICKYJ i 32 HOPMAJIBHHX YMOB 3aiiMa€ OJHAKOBHI
06’eM, To oTpuMaHe pisHsHHA KnaneiipoHa - MeHgeneeBa, 3riJHO 3 SKHM
3HaXOAATh TYCTHHY ifieanpHOro rasy [15]:

M 273,15-P,

T 224 (273,15+1,) P,

MonbHy Macy IHAMBIIyalbHUX PEYOBHH OOYHCIIOIOTH 33 XiMiYHOIO
bopMy010 3 ypaxyBaHHSIM aTOMHHX MAc €JeMEHTIB, 10 BXOJSTh A0 CKJIa-
Iy MOJIEKYIIH.

PiBusinnst (2.2) 1 (2.6) 3aCTOCOBYIOTE K IJIsI pO3paxyHKiB 06’eMy 1 ryc-
THHH OKpeMHX Ia3iB y poboyHX yMOBax, Tak i jif po3paxyHKiB 06’eMy i
IYCTHHH I1apiB 1HAUBIAyaTbHHX PEYOBMH.

I'yetuna cymimi JekinbKkox rasiB i3 JocraTHpOl A TEXHIYHHX PO3-
PaxyHKiB TOYHICTIO MOXe OyTH BH3HAYCHA BiAMOBIAHO OO MpPaBH/JIa aTHTH-
BHOCTI (IPOTMOPLiHHOIO BHECKY ), TIPH LIEOMY

Py (2.6)

n
Pom =P1-Y1+P2 Y2 +-= 205" Yi> 2.7)
1
ae Yi, ..., Yi- 00’€MHI yacTKM KOMITOHEHTIB Ta30BOi (MapoBOi) CyMillli;
Pis e > Pi— LIIBHOCTI KOMIIOHEHTIB CyMillli 32 pOOGOYHX YMOB IIPOLECY.

MonbHy Macy ra3oBoi (mapoBoi) CyMilli BM3HAYAIOTE 3a 3aJEXKHICTIO
[20]:

n
Mey = 2Mjyi (2.8)
|

Ie M; —~MonpHa Maca IHAUBIyaNbHHX KOMIOHEHTIB, IO CKIaIal0Th [a30BY
CyMilll; y; - BiAnoBiaHi 06’ e€MHi a00 MOBHI 4aCTKH KOMITOHEHTIB CyMiLli.

IIutomnum 006°€MoM Ha3HBalOTh 00’eM, 110 3ajiMac OHH Kilorpam
PEYOBHHH, [IPU LILOMY

V=—=—. (2.9
m p
IMuromuii 06’eM rasiB i Hapu IHAMBIAYaIBHHX PEYOBHH 301IbLIYETHCA 3
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niABHLICHHAM TEMIIEPATYPHU 1 3MEHILYETBCA 3 MiABHILIEHHAM THCKY.

r YCTHHA rasis i napis mnusmyanbﬂnx PE4YOBHH MPH aTMOC(EpPHOMY
THCKY B lHTCpBaJII TEMIEpPaTyp 20-100°C npubnuzao B 300 - 1000 pasis
MEHILE BiJl T'YCTHHH BiAOBIIHMX Pi/lUH.

SIKINO BAACTHBOCTI PEANBHUX Ta3iB IIPH BHCOKOMY THCKY BiAPi3HAIOTHCS
BiJl BIACTHBOCTEH iI€albHHUX Ia3iB, TO B YTOUHEHHX PO3PaXyHKax L0 Pi3-
HHLIIO BPaXxOBYIOTh 32 piBHAHHAM Ban-nep-Baansca 11 peansHoro rasy

(p+-§—2—J-(v— b):RT , (2.10)

ae a i b - KOHCTaHTH, XapaKTepHi A1 KOXKHOTO PealIbHOTO raly, 3HaueHHs
SKHX HAaBe/EHI B JOBITHUKOBHX BHAaHHAX [20].
KoHcTantH a i b MoxHa OOuUMCAMTM 338 KPUTHYHHMH IapaMeTpaMu
rasy - KpMTHYHOIO TeMIepaTyporo Ty, i KpHTHUHNM THCKOM Py
2TR’TE, RT,,
a=———, b= . 2.11)
64 P, 8Py,

3Ha4eHHA KPHTHYHHX MapaMeTpiB 3ajiekaTh BiJl BIaCTHBOCTEH MOie-
KyJ1, i3 SIKMX CKTaAa€ThCs PEYOBUHA.

KpuTHuHy TeMIepaTypy NpOCTHX PEYOBHH MOXKHA MpUOIH3HO
po3paxyBatd 3a piBHAHHAM ["ateca i Tomoca [16] :

Tep =147 T . (2.12)
Jns 40 pizHux HeOpI‘aHI‘lHI/IX CIIONIYK BCTaHoBIeHa [20] 3anexHicTb
Typ /Tyun =0,613 (2.13)

i3 cepenHbOIo MOXHOKOW PO3paxyHKy OIH3BKO 5 Y.
KpuTuynnuii THCK )4 OpraHiuyHHX CNOJIYK MOXHA BH3HAYHTH 3a
dopmynoro Enynmxki [1, 20] :
2

4 n
P =10"M/ | X Ap| | (2.14)
1

ne Py — XpUTHYHHI THCK, aTM; Ap — YacTKH aTOMIB i aTOMHHX TPYN y
CKJIajli MOJIEKY/IH PEHOBHMHH, JUIS BH3HAYCHHA 3HaueHb Ap y kHu3l [16]
HaBseacHa Tabmuug 1-5.

Kputnunuii nutoMnii 06’eM po3paxoByrOTb 3a CIiBBiJHOLICH-
Ham ['eprora [16, 20] :

Vip =21,75Typ/Pyy (cM’/MOIIB) (2.15)
i3 cepennporo MOXHOKOI, WO He nepesHiye 10%.
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Ha ocHOBI KpHUTHYHHX MapameTpiB BH3HA4alOTh [16, 21] Gararo iHImHx
TEpMOAHHAMIYHUX KOHCTaHT PEYOBHH, TaKi, AK CHTabIis, TEeMIEPaTypa Ku-
MiHHA, TUTOMA TEILIOTa (Pa30BOrO NEPEXOY, TOBEPXHEBHI HATAT Ta iHLI.

J1s BU3HAYEHHS MapaMeTpiB CKIATHHX BYIVIEBOAHEBHX Ta3oBHX CyMi-
el 3anpoIOHOBAaHI NMCeBAOKPHTHYHI KOHCTaHTH, B SKUX BHKOPHC-
TOBYIOTh CEPEAHBOMOJIbHI 3HAUEHHA KPUTUYHHX KOHCTAHT iHIHBINyaIbHHX
KOMIOHEHTIB cymMiuii [1, 16, 21].

HaitpaxxmBimnM (isHKO-XIMIYHHM TapaMeTpoM rasis abo piguy, wio
XapaKTepU3y€ BIACTHUBICTb CEPEIOBHINA YMHUTH OMIp MpH NepeMilleHH]
HOro 4acToK i MpOIIAPKIB OXHH BIOJHOCHO IHIIOTO, € AHHAMIiYHA
B A3KIiCTh, TUM CaMHM B’A3KICTb XapaKTEPU3YE CHIM BHYTPILTHBOrO
TEpTA B MIOTOKAX CEPEAOBHILA HPH HOTO pyci.

Ha ocHoBi piBHsHHa HetoTOHA 3HaiimeHo

p:F/s-%, (2.16)

Ie W — auHamivHa B’a3kicTs, H-c/M*=Ila-c; F — cunma BHyTpiLHBOTO TEpTS
MiXx Mpolapkamu cepeosuma, H; S — moia KOHTAaKTy MpOIIApKiB, M2
dw/dn — rpagieHT UIBMAKOCTI, IO XapaKTepHU3ye 3MiHy IIBUAKOCTI MOTOKY
3 pO3paxyHKy Ha OAMHHLIO BiACTaHI MK NpOIUapKAMH CepeaoBHIA, 110
nepeMilyeThes.

KinemMaTHYHY B’A3KICTb BHPaXalOTh uYepe3 BIXHOWEHHA AHHAMIYHOL
B’S3KOCTI 0 T'YCTHHH CepeIOBHIIA:

v=

(2.17)

o =

B’a3kicTh € IHIMBIIYaJBHOKI XapaKTEPUCTHKOIO CepeloBMila 1 3ae-
JKHTb B1J KOHCTHTYTMBHMX BJIaCTMBOCTEH pedOBHHH (po3Mmipy #oro Mone-
KyJ), TEMIEpaTypy i TUCKY, NPH LBOMY 3 MiABMILEHHAM TEeMMOEPaTypH i
THCKY B’#3KICTb ra3y (mapu) i ra3oBux (IapoBHX) CyMillieit 3pOcTaE.

B obnacti momipHux THCKiB (o 5-6 MIla) B’s3KicTh rasis npakTH4HO
He 3aleXHTb BiJl THCKY, B 00NacTi BHCOKHMX THCKIB B’S3KiCTh rasiB i3
JOCTaTHLOK TOYHICTIO MOXKHA BU3HAYMTH 3a JOMOMOTOI0 PO3PaXyHKOBHX
3ayexHOCTeH i HoMorpaMm, ony6iikoBaHuX y KHHrax [1, 16].

3MmiHa AHHAMi4HO! B’A3KOCTI iHAMBIAyaNbHUX TasiB y 3aleXHOCTI BiX
TeMIepaTypH BUpaxaeTbes Gopmynoro CaTtepinenna

1,5
273+C) (T !
—pg| | — 2.18
He “0( T+C ] (273) (2.18)

Ie Mo — B’A3KicTh rasy 3a HopMalbHHX yMoB — 0 °C 1 P=760 MM pT. cT.;
C — crana Carepnenna, 110 BpaxoBy€ BIAaCTHBOCTI rasis {15, ¢. 513].
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JInst BU3HAUCHHS B’A3KOCTI Ta3iB 1 Mapy NEAKUX PEYOBHH Y 3aJIeXKHOCTI
il TEMIEpaTypH MoOynoBaHa HOMOTrpama, TojaHa B KHM3i [16, ¢.107],
(parMeHT HOMOTPaMH MOKA3aHO Ha PHC. b.2 (nuB. nonarok b).

JIns HaGnuKeHHX pO3paxyHKIB JHHAMIYHOI B'SI3KOCTI ra30BHX CyMmilIeH
BHKOPHCTOBYIOTH DiBHAHHSA

Hem :MCM/ Z(YiMi/“i) 3 (219)
1

xe Mi, M., - MONbHa Maca OKpPEMHMX KOMIIOHEHTIB i ra3oBoi cyMilli Bix-
AOBIOHO, y; - 00’€MHI YacTKM KOMIOHEHTIR ra3oBoi cymimm; p; — Bia-
HOBiAHI AHHAMIUHI KOeQIiEHTH B’ SI3KOCTI OKPEMHX KOMIIOHEHTIB,

HafiBaxknMBilUNMM TEPMOIUHAMIYHHMH XapaKTEPHCTUKAMH Ta3iB Ta
NapiB € €HTANbMis (TEIIOBMICT) Ta TEIUIOEMHICTb.

EnTtaannisi xapakTepu3ye BHYTPILUHIH 3anac eHepril (KiNbKiCTh Ter-
1a), WO YTPHUMYETECS B OJHHHII Mack pedoBHHH, [Ix/kr, [[x#/Mous.

V 3arajpHOMY BUNAJKY €HTAJIBINIIO Ta3y BU3HAYAIOTH 33 PIBHAHHAM

I=u+PV=u+RT , (2.20)

me U - BHYTDIIUHS eHepris rasy.

BuyTpitmns EHEpTid ileanbHoro razy € (GYHKUIE TiIIBKH TeMIepaTypH
TOMY SHTAIIbITisl TAKOXK € QYHKIUIEK TeMIepaTypH.

Jns peanbHMX Tas3iB 3a/IeXHICTh EHTaNbIIi BiJ| TEeMIepaTypu peasi-
3YETBCS Yepe3 TeMJO0EMHICTD, MPH LLOMY

ol

cp = (E’T'L , (2.21)

A€ Cp— TEIIOEMRBICTB Tasy NMpH CTATOMY THCKY (i300apHa).

VY 3araipHOMY BHIIAJIKY TEIUVIOEMHICTh € (DyHKIiS NapameTpiB cTaHy
CHCTEMH 1 3a1eXKHUTh BiJl HANPAMY X0y MPOLECY.

ITuToMOI0 MAacoBOK TEIIOEMHICTIO HA3HBAKOTh KIMBKICTH TeIltd, LUO
norpibne aAns HarpiBanHs 1 Kr peyoBunu Ha 1°C.

VY po3paxyHKax pO3pi3HAIOTH JEKiNIbKa BUIIB TEIIOEMHOCTEH: TMTOMY
MacoBy abo 06’eMHy (Ha OAMHMIIIO MacH ab0 ONUHHULIO 06’ €My PEUOBHHM);
MoOnsApHy (Ha 1 MOIb pEHOBHHM), iCTWHHY (mpu JaHii Temmeparypi);
cepentto (B inTepBani temneparyp T—Ts); i300apuy c, (nmpu P=const);
isoxopny ¢, (npu V=const).

Binnowenns ¢p/c, =k Ha3MBaIOTH MOKa3HHKOM afliaGaTH, BiH 3a1€KHTH
BIX KiNBKOCTI aTOMIB, 1O BXOIATH [0 CKJIaldy MoJeKyau rasy. Jis moum-
PeHHMX ra3iB 3HAYCHHA BEIHYMH Cp, C, 1 K HABOASTBCA B Tabnmusx
[15, c.513].

Di3UKO-XIMiUHi BIACTHBOCT] I KOHCTAHTH AN MNOLIMPEHMX Ia3iB HaBe-
Aeni B TabN.A.5 (OuB. 1onaTok A).

Y TNpakTHYHUX pO3paxyHKax KiUIBKICTb Temna, M0 BUAUISETHCS
OXHHUM KT Ta3y MpH HEPEXOAl 3 OAHOTO TEMIIEPATYPHOTO PIBHA Ha IHILMIA,

——

>

>

Ocro8HI DI3UKO-XIMIUHI @1acmiueocmi peuoguH 41



BH3HAYAETHCA 33 3AEKHICTIO
q=l1-I) =c,.(Ti-T2) , (2.22)
A€ Ccp— CCPEHA TEMIOEMHICTh Fa3y B Aianmasosi remnepatyp T i Ts.

TennoeMHICTh ra3iB i mapiB MepeBaKHO 30LIBLIYETHCS 3 MiJBHILEHHAM
TEMMEPaTYpH 1 THCKY.

Jlas peanpHHUX rasip, LIO MAlOTh TEMIIEPaTypy BHILY BiJ KPHTHYHOI i
THCK HUXKYUH BII KPHTHYHOIO, TEIUIOEMHICTH PO3PaXxOBYIOTE 32 GOPMYIIoH

c=c0+a1t+a2t2 , (223)
JIE C - ICTHHHA TeIJIOEMHICTB, C, - TEIIOEMHICTS rasy npu 0°C; a; , a, -
ctami koedilieHTy, o BPaXOBYIOTE mszmyanLH] BJIACTHBOCTI rasy.

TennoeMHicTs cyMinni ra3iB nNpu BH3HAUCHIH TeMrepaTypi po3paxoBy-
I0TH 33 NpaBUiIoM afgutusHoCTi {20]:

n
Cpc =2 CpiXj > Cvo = 2eyiYi » (2.24)
1
e X;,Yi — Macosa 4yd of’eMHa YaCTKH KOMIOHEHTIB ra3oBol cyMili sig-
HOBiJIHO; Cp 1 C,; - i300apHa Ta 130XOpHAa TEMJIOEMHOCTI KOMIIOHEHTIB
CyMilli MpH po3paxyHKOBiH TeMIlepaTypi; N - KiABKICTh KOMITOHEHTIB ra-
30801 CyMiLLi,
2.2.2 Baacrupocti piamnH i ixuix cymimei

r ycnma YHCTHX PiAMH — IHAMBiAyanbHa XapaKTEPHCTHKA, IO 3ale-
KUTb Bi[l KOHCTUTYTHBHHX BJIACTHBOCTEH PiJANHH, TEMIIEPATYPH i TUCKY.

3BuuaifHo, NpK moMipHux THcKax (o 5 MIla) 3MiHy TyCTHMHM pinuHu
BiJ MiABMILUEHHA TUCKY B pO3paxyHKaX HE BPaxOBYHOTh.

Juist 6araTbOX NOIIMPEHMX YUCTHX PIiAMH, PO3YMHIB KHCIOT, BOLHO-
COJIOBHX 1 BOJHOCIUPTOBMX PO3YMHIB CKIIafieHi Ta omyOsikoBaHi Tabnumii
3MIHH T'YCTHHHM B 3aJIeKHOCTI Bi Temrepartypu [15, 16], npu HpoMy, gk
NpaBuJjl0, YHACTIIOK TEMIOBOrO PO3IUHPEHHA TYCTUHA 3MEHILIYEThCS 3 M-
BHIIECHHAM TEMIEPATypH. 3a BIJICYTHOCTI €KCIEPHMEHTAIBHUX JaHUX 3Mi-
Hy TYCTHHM iHOUBIIyaJIbHHX PEUOBUH Y 3a/I€XKHOCTI B1Jl TEMIICPATYPH TIpH
CTAJIOMY TMCKY 3BHYAHHO BM3HAYAIOTH 3a (POPMYJIOI0

p1=po(1-B-AD (2.25)

oe pg, P — TycTHHA DIOMHA NpH TeMIepaTypax ty i t; BiAMOBimHO;
B - cepennii koedinieHT 06’ €MHOTO PO3INMPEHHA PIAMHH B 3a3HAa4YE€HOMY
TeMIIepaTypHOMY iHTepBaJli.

I'ycTuny po3uMHiB i cymimeii piluH, Opy 3MilllyBaHHI SIKHX HE BinOy-
BAEThCA ICTOTHUX (Di3MKO-XIMIUHHX 3MiH, i3 JOCTaTHBOI Ul TEXHIYHMX
PO3paxyHKIiB TOYHICTHO MOKHA BH3HAUUTH 3 yMOBH, IO NHTOMHIT 06’em
CyMillli JOPIBHIOE CyMi IUTOMUX 00’ €MIB KOMIIOHEHTIR, TOGTO
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1

n
=21 (2.26)
Pem 1 i
3BIJIKH OTPUMAaHE TaKe:
n
Pem :1/ Z(Xi/ pi) ’ (2.27)
1
A€ Xi — MacoBi YaCTKH KOMIIOHEHTIB Cymim abo po3uHHy; pj - TYCTHHA
iHIMBIAYyaNbHUX KOMIIOHEHTIR PO3UHHY.
3a ananoriyHo GopMyJI0I0 PO3paXOBYIOTE I'YCTHHY cycneH3ii [15]:

1 x l-x ’ (2.28)

Pe  Pr Pax

J€ X — MacoBa yacTka TBEPHOi ¢a3u; Py, Pr, Px — TYCTHHA CYCIIEH3IT,
TBEpAOT (a3u i PiAVHM BiAMOBiTHO.

I'yetuHy ncepiospimxenoro mapy aGo piBHOMIpHO 3MILIAHOTO ILapy
piIMHM 3 3CpHHUCTHMH TBEPANMHK YACTHHKAMH MOXHA DPO3paxyBaTH 3a
3AIEXKHICTIO

Puc =Px -€+pr(1-¢), (2.29)
ae € - 00’eMHa 4acTKa piMHH B cycneHsii abo ncerno3pimkeHoMy wapi.
TeMneparypHa 3ae)XHICTh T'yCTHHY BOIH B TEMIEPAaTypHOMY iHTepBalli
0 - 100 °C, i3 moxubkoro B Mexax +0,1%, o6uncIoeThCA 32 PIBHAHHAM

Pt =po— 0,062t 0,00355t2, (2.30)

I€ Po, Pr - rycruna soau npu 0 °C i Temneparypi t °C BignosigHo.

I'ycTuny po3uHHiB HeOpraHiuHHX cOJlel y BOII B 3a/1€XKHOCTI BiJ KOH-
HeHTpauil po3ydHeHol coii i Temmeparypu 3 noxudkorw B Mexax +0,1%
PO3paxoBYIOTh 3a (GOPMYJIOI0

Pp =pa-e™ _ 2.31)

I Ps, Pp — TYCTHHA BOAM i PO3UHHY TIPM pPO3PaxyHKOBil Temmeparypi;
X — MacoBa 4acTKa pO34MHEHO] coli B pO34HMHi; b - koedimient nporopiiii-
HOCTI, 110 BPAaXOBY€ BJIACTHBOCTI PO3YMHEHOI COMi 1 AKHIl BU3HAYAIOTh 3a
ABOMa BiTOMHMM 3HAYEHHAMH I'YCTHHH PO3UHUHIB.

Jns Bu3HAYeHHA TYCTHHH PO3YMHIB HEOpPTaHiUYHMX conedl y BOAI Ha
OCHOBi €KCTIEpUMEHTAIBHMX BH3HAYeHb CKIajzeHi taGamui [15, 16], mpu
UBOMY BCTAHOBIEHO, ILO 3 MiJBHIIEHHAM KOHIIEHTpAllil PO3YUHEHOIO I'yc-
THHA PO3UHMHY 301/IbLIY€ETHCA, a 3 MiJIBULIEHHAM HOTO TeMnepaTypy — 3MEH-
wyerbcs. KpuBi 3MiHM TYCTHMHM DO3YHHIB BH3HA4YeHOI KOHLEHTpawii
B 3QJICKHOCTI BiJl TEMIEPATYpH PO3MIIIYIOTECA NPAKTHYHO MapanenbHo,
aJIe Ha pi3HMX BiACTaHAX (AMB. puc. 2.1).
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Py =P/ I—Zki-xi , (2.32)

ae k - xoediuienr, mwo BpaxoBye BIACTUBOCTI PO3YMHERHX coneii i TyCTH-
Hy GiHApHOro PO34HHY L€l COMi B BOJI NMPH pO3paxyHKOBIH TeMIeparypi.
BenuuuHa koedinieHTa Moxke OyTH po3paxoBaHa 3a GOpMYJIOIo

k:(pp_ps)/pp'x' (2.33)

Binpiny TOYHICTH BU3HAYCHHS 'YCTHHH CKJIaZHHX BOJHO-CONBOBHX PO3-
YUHIB eJeKTpoNiTiB 3abe3neuye MeTox, po3pobaeHnit 31aHOBCHKHM.

JnHamivna B’ SI3KICTh YHCTHX PiMH - HIHBiAyanbHa XapaKTEPUCTHKA,
110 3aJIEXKHTH Bi,u if cKazy, ¢isuko-xiMiyHHX BIacTHBOCTEH i TeMnepary-
pH, NIpH LLOMY B "S3KiCTh PiOMH Ha 2-3 NOpA/IKK BHINA, HIXK JUIS Ia3iB, i, Ha
BIIMiHY Bil HUX, 3MEHUIYE€TLCH 3 HllIBPI].I.leHHHM TEMIIEPATYPH.

Bruus Tucky (10 30 at™) Ha B A3KicTh PIAMHE AyXKE MaluH i HUM MOX-
Ha 3HEXTYBATH, IIPH BHCOKHX THCKaX B’S3KiCTb 3pocTae JiHIMHO 3 IiABH-
IIIEHHSIM THCKY.

Jlus nouMpeHUX PIIRH HaBeJeHi TabMHULli 1 HOMOTIpaMH, MO J03BOJA-
I0Th BU3HAYMTH B’A3KICTh PIMHH B 3aJE€KHOCTI Bia TemneparypH [15, 16].

JLis piavH 3aMeXHICTh B’ I3KOCTI Biji TeMIepaTypH ONUCYETbeA (hopmy-
noto 'yamana - Anapane [1, 16, 21] :

T, (2.34)

ae A i B - ingusinyansHi koediuieHTd, WO 3a1e)XaTb Bill BIACTHBOCTEH
pinnan; T — abcomoTHa TeMnepaTypa piauny, K.
Jorapudmyroun pieHauns (2.34), MaeMo
Iny = InA+B/T , (2.35)

AKE € PIBHAHHAM IPAMOI B IOrapUPMiuHHX KOOpIHHATAX 1 JO3BONAE 0OUH-
CIUTH KOHCTAaHTH A | B 3a aBoMa BIIOMHMMH 3HAYEHHSMH B A3KOCTI

pzA-eB
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piMHH TIPH Pi3HUX TEMIICPATypax.
B’s3KicTh BOJHO-COILOBHX BHCOKOKOHLIGHTPOBAHHX 1 HAaCHYEHHX
pO3YHHIB HEOPTaHIYHHX COIeH MOXKHA PO3PAXYBATH 3a 3ATIEHKHICTIO

In(u/p,)=A,+B/T+C,L, (2.36)

ge M, Mo - B’A3KICTb PO34HMHY i PO3UMHHHKA TIPH 3aJaHii TemmepaTypi Bii-
noBimHo, (cIl); L - MonspHa KOHUEHTpaLis PO3UHHEHO! PEYOBHHH, TMOJIb
pessoaHoi coni Ha 1000 r pozunHHuKa; A, , B, , C; — KoHCTaHTH, IO Bpa-
XOBYIOTB BJIACTUBOCT] PO34YHHEHOI COM.

JinHaMiuHu#i KOeQIMiEHT B’A3KOCTI CyMilli HOPMaJIBHUX PiIHH MOXe
6yTH pO3paxoBaHHil 3a MPaBUIOM ATUTHBHOCTI, TIPH LLOMY

n
How =1/ D (xyi/m) (2.37)
1

A€ i - B’A3KICTh 1-TO KOMIIOHEHTA; X.; - 00’eMHa 4acTKa KOMITOHEHTIB y
cyMiIli.

V kuurax [1, 16, 21] 3a3Ha4eHO, 10 eMIIPUYHE PIBHAHHSI, 3aNPOIIOHO-
BaHe AppeHiycoM, OiIblI TOYHO HO3BOJNSE BU3HAYMTH B’ A3KICTH CyMilIeH
HOPMAaJIbHMX HEacOLiHOBaHUX PiAHH, IIPH LBOMY

n
Igpe, = O xi-lgp; | (2.38)
1

JIe X; — MOJIbHA YACTKa OKPEMHUX KOMIIOHEHTIB y CyMillli.

EdexrupHa B’A3KicTh CycHeH3ilf 3ajie)HMTh Bl KOHUEHTpauii TBepmol
aucnepcHot ¢pasu i GOpMH TBEPAHX YaCTHHOK.

Jns po3BefieHUX cycleH3ilt i3 ChepHIHUME YaCTHHKAMH NpH 00’ eMHii
KOHIeHTpanii X MeHme HiX 10 % Mac. B’s3kicts 00uMCIIOOTH 32 GOp-
MYJIO0

He =w(1+2,5¢) , (2.39)

11 KOHLIEHTPOBAHUX CycCIeH3iif 31 BMicToM TBepaoi dasu mo 30 % mac.
PEKOMEHJIOBAHA 3aJIEXKHICTD

He =0,591(0,77 - 9)* (2.40)

A€ W, U - B’A3KICTH YHCTOI PIAMHM 1 CYCNEeH3il BiAMOBIAHO; ¢ - 06’eMHa
4acTka TBepaoi (a3u B CyCIeHsii.

TennoemMHuicTh piAVH B iHTepBAll BiJl TEMIEPATYPH IUIABJIEHHA M0
TEMIEpaTypH KMIIIHHA IIOCTYIIOBO 3pOCTA€ B CTENCHEBid 3anexHOCT 1
JocArae MakcHMyMy NoGnH3y TeMIlepaTypy KUMiHHs.

i GaraTbOX MOLIMPEHHMX YHCTHX PifIMH i pO3YMHIB CKIafeHi HOMO-
FpamMu, 11O HO3BOJAIOTh NPOCTHMH METOJAMH BH3HAYHTH iX MHTOMY
MacoBy TENJIOEMHICTD Y 3aN€XHOCTI Bil TEMIIEPATYPH.
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TenoeMHicTh ABOKOMIIOHEHTHHX PO34YHHIB HEOPraHiYHMX cojiel y Boai
BH3HAYalOTh NMpUOJH3HO B 3AJIEKHOCTI BiJ KOHLEHTpauii i BIacTHBOCTEH
po34MHeHoi couni, TpH HboMy [15, 25]:

- IJisl pO3BeIeHUX POo34MHiB (x< 0,2)

c=4190(1-x) ; (2.41)

- AN KOHLEHTPOBAHUX pO34HHIB (x > 0,2)
c=c1x+4190(1-x), (2.42)
A€  C; - IIMTOMA TEIUIOEMHICTE O€3BOAHOI pO3YMHEHOI pPEHOBHHH,

Jk/(xr-K); X - KOHLIEHTpaLisg po3udHEHOi PEYOBHHHU, MAC, YaACTKH,

BiftoMo 6arato po3paxyHKOBHX 3aI€XKHOCTEH JUisl BU3HAUSHHS TEILIO-
€MHOCTI opraHiyHux cnoayk [1, 16, 20], ame xoHa 3 HUX He € NPHHHAT-
HOIO JUTSi BAKOPHUCTAHHS B IHXEHEPHHX pO3paxyHKax.

3HayeHHs TEIUIOEMHOCTI PITHH HaBeleHi B Tabmuisx [16, c. 95] abo
MOXKYTh OyTH BH3HAUEHI 32 JONOMOTOK HOMOrpaM [15, c. 562; 16, c. 98].

YacTime BCHOTO BUKOPUCTORYIOTH METOMH, 3aCHOBaHI HAa YypaxyBaHHI
ATOMHHX 1 TPYIIOBUX CKJIAZOBHX ab0 HA MPUHLMNI BiAMOBIHUX CTaHIB, 10
BPaXOBYIOTb MOJICKYJIAPHY CTPYKTYPY OPraHidHOi pinnHu, HaKkTop MOIsAp-
HOCTI Ta i1 mapaMeTpH, SKi BaXKKO BU3HAYATH.

3okpeMa, BiamosigHO 10 MeToxay JlxKoHCcoHa — Xyaura {1, 20] Teruto-
€MHICTb CyMillli pifuH AOPIBHIOC

=Y a;+T Y b +T> Y ¢+ TP Tg; , (2.43)

A¢ Cp - TETUIOEMHICTb NPH CTANOMY THCKY, Kan/(Monb-K); a;, b, ¢, d; - ko-
eQillieHTH TPYIIOBUX CKJIAJOBOT MONEKYIH PEYOBHHHU,

Huyisi Bu3Ha4YeHHs TeruloeMHocTi HadT i Qpakiid Oyap-IKOro cxiaamy
3alIponoHoBaHa Gopmyia [20]'

p =1507,2+ (17182 1,5072p5), (2.44)

J€ C, - TEILUIOEMHICTE, lI)K/(Kr-K); t - Temneparypa, °C; pao - TYCTHHA
Hadty npu 20 °C.

Hna pO3paxyHKy cepeHbOl TEINOEMHOCTI glI)K/(KF K] pumHHHx Hag-
TONPOAYKTIB i3 rycTuHoro 750 - 1000 kr/mM” B iHTepBami Temneparyp
T, ..., To, ane T,< 533 K, 3aCTOCOBYHOTb PiBHAHHSA

Cep = 1444+0,0037(Il—f2£—273]x (2100 - pys) (2.45)

Je pis- TyCTHHa HadTomponykTis npu 15 °C, xr/a’,

Y TEeXHONMOTIYHHUX pPO3paxyHKaX BHHHKAE HeoOXiAHICTh BH3HAUCHHS
TeMITEPATyPH KUITIHHS PIAHHH B 3a7eXKHOCTI BT TUCKY.

Sx BigoMO, 3aKUNaHHS PIAUHM MOYHHAETBCA B TOMY BHIAJKY, KOJU
NPYXKHICTb 1f HacHYEeHOI NMapH AOPIBHIOE THCKY HAaBKOIMIIHBOTO Cepeslo-
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pumia abo THCKY B 3aMKHyTOoMy 00’emi. ToMy AKIIO BiZloMa 3aJI€XHICTH
Py KHOCT] Napy PiMHU Bill TEMMeEpaTypH, TO MOXKHA BH3HAYHTH i TeMITe-
paTyPY KHIIHHSA PUTHHH.

Ta6aung 2.1 — @izuko-ximMivHi BAacTHBOCTI ACAKHX PiluH
npu t=20 °C i P=1arm

XimivHa ®opmyna | Maca | Tye- | Ty, | Taa, Tuens | Ynoas,

" cnoayka XiMi4HOT | MOJiB- | THHa, °oC °C kpw/kr | kIbx/kr
CHOIYKH Ha Kr/m®

AleToH (CH;),CO | 58,08 | 810 56 | -943 523 98,1
AHLTIH CcHsNH, | 93,1 1022 | 1844 | —6,3 448 113,5
benzon CeHs 78,11 | 900 80,2 | +5,5 394 126,1
Bona H,0 18 998 100 0 2264 333
T'excad CeHyy 86 660 68,7 | =95 337,2 | 1514
'M-Kcuon CsHyo 106,1 [ 864 | 139,1 | —478 | 3436 128
MeTtaHoj CH;0H 32 800 64,7 | —98 1100 99,3

Memunanerar | C;HgO, 74,1 930 57,5 | - 98,7 411

HitpoGenzon | Ce¢HsNO, | 123,1 | 1200 | 210,6 | +5,8 410,6 94,3

CipxoByrienp CS; 76,1 | 1290 | 46,3 | —-112 352

Tomyon CeH;CH; | 92,1 870 | 1108 | —95 362,5

XnopbeHszon CH;Cl 112,6 | 1042 | 130,6 | —45,2 | 3205 66,7

Xopogopm CHCl,4 1194 | 1530 612 | —64,5 248

Ertunauerat C4HzO, 88,1 900 77,1 | —83,6 373 119

Etanon C,H;OH 46 790 783 | —114 8493 108

V kuurax [15, 25] naBeneHa Homorpama, o MOB’SA3y€ Li MapaMerpH i
R03BOJIsIE€ 3HAXOMUTH MPYXHICTh (THCK) HaCHUEHHX TapiB Pi3HHUX PIOVH Y
3aJIEKHOCTI BiJ IXHiX ()i3WYHHUX BIACTHBOCTEH i TeMIlepaTypH. 3a IOMOMO-
rOI0 HOMOTPaMH MOXKHA TaKOXK 3HAXOINUTH TEMMEPATypy KHITIHHS PiUHH B
3aJIeXHOCTI BiJ THCKY (B iHTepBai THCKIB Big 0,1 no 6 atm).

IHIMMH BaXUIMBHMH Terutodi3H4HAMH NapamMeTpaMH HHUCTHX PiAMH €
TernoTH $a30BUX NEPETBOPEHD: MHTOMA TEMIOTA [UIABAEHHS (3aTBEpAiHHA,
3aMep3aHHs), TEIJIOTAa MapoyTBOPEHHA (KOHAeHcalil). BHacmimok ckman-
HOro xapaxTtepy 3aJIeKHOCTEH 11 BU3HAYEHHS HA3BaHHUX [APAMETPiB BOHU
TYT HE HaBOAATHCA i PO3MIIANAIOTECA B CcrielianbHii giTeparypi [1, 16, 21].

Oxpemi Temnodisuyni i audysini Bnactueocti rasiB i piauH GyxyTs
PO3rIAHYTI Y BIAOBIAHHX PO3/iiax MPH BHBYEHHI TEILTOOOMIHHHUX 1 TH(Y-
3ilfHUX mpouecis.

Jns feaxux NOIUMpEeHUX piauH y Tabn. 2.1 HaBeaeHi OCHOBHI (i3uKo-
XiMiuHi BA1aCTHBOCTI IIpH aTMOC(EPHOMY THCKY.
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Y kHusi [21] nopaHo oriis HaMOIABII TOLIMPEHUX PO3PaAXyHKOBHX
3ajieKHOCTEH 1 HaBedeHa Gasza gaHuX mpo (i3HKO-XiMIYHI KOHCTAHTH AJis
468 3’e/THaHb.

OcHOBHI (i3HKO-XiMiUHI napaMeTpH BJACTUBOCTEH YHCTHX PiguH i po3-
4YHHIB HaBeJeHI B IOBIJKOBIFH niTeparypi [15, 16, 24].

®Di3uK0-XiMiYHi BIaCTUBOCTI PO3YHHIB HEOPTAHIUHUX PEYOBHMH MOJIaHI B
KkHU3i [8] , METOOM MalUMHHMX PO3PAXyHKIB MapamerpiB ¢i3uko-XiMidHHX
BJIACTUBOCTEI ra3oBHX cyMilieH, po3uuHiB Ta TBepauX TiN nojaHi B [7].

2.2.3 BaacTHBOCTi TBEpAMX Tijl, 3epHHCTHX MaTepianis i nopowkis

Trepai Tina — nallGinb cTiMKUA arperaTHUi cTaH PeYOBMHH, XapaKTe-
PU3YIOTBCS BHCOKOIO YMOPSIKOBAHICTIO MOJIEKYNI B 00’€Mi MpOCTOPOBO-
KpHUCTaniyHOl TpaTkH. Bim xapaktepy wuiel ymopsakoBaHOCTI 3anexars
OCHOBHI BIIaCTHBOCTI TBEPAMX TiJl.

Po3pi3HsIOTh PEHOBHHH KPHCTAJIYHI, 1[0 XapakTePH3YIOTHCA TOYHOK
MOp(dONOriyHO - KPHCTATIYHOIO CTPYKTYPOIO, ¥ AKHX 10HH, aTOMH i MOje-
KyJd B CKJIaAl XIMIYHUX CHOJYK 3aiiMalOTh CTPOro BH3HAYCHE, TPAHUYHO
YTOPSIKOBAHE ITOJIOXKEHHS, YacToO MOBTOPIOIOYH B PETYJApPHii mpocTopo-
Bil CTPYKTYpi PO3MILLEHHS YaCTHHOK TBEPAOI'O Tlia.

[cHye TakoX IIMPOKHI Kiac aMOP(HHX TBEPIUX TijI, 1O XapakTepu-
3yIOTBCS HEYNOPAAKOBAHOIO CTPYKTYPOIO, Hamnpukial, ckio. o amopd-
HUX PEYOBHH BIJHOCATHCS TaKOX IMOJIIMEPH, MOIEKYJIH AKHX XO4a i yTBO-
PIOIOTE  YHOPSIKOBaHE JIAHIIOTONMOAIOHE pO3MillleHHs, ale He MOXYTh
LIITBbHO YIIAKOBYBATHCA YEPE3 HEOAHAKOBI PO3MIpU MAKPOMOCKYJI.

@izuyHi 1 XIMIYH] BTACTHBOCTI TBEPAMX TiJ BHU3HAYAKTHECA XIMIYHNM
CKJIaJ0M PEYOBHHU, TUIIOM KPUCTAIYHOI IPaTKH 1 3a/1e3karh BijJ 30BHIIIHIX
napaMeTpiB — TeMTEPaTypH i THCKY.

V 3anexHOCTi BiJl XapaKkTepy PO3MILIECHHS aTOMIB 1 MOJICKYJ Y KPUCTa-
AIYHINA TpaTmi pO3pi3H${}OTL YOTHPH THUIIM KPUCTaNiuHOT CTPYKTYypH: iOHHy,
aTOMHY, MOJICKY/IAPHY i MetajieBy. THII CTPYKTYPH IS OKpEMHX XIMiuHmX
eNeMEHTIB 1 iXHiX CTIONYK MOXe 3MIHIOBATHUCA [MiJl BILTHBOM 30BHIIIHiX
YMOB — TEMIIEPATYPH i THCKY.

OcHoBHMMH (i3UYHUMM i TEPMOJHUHAMIUHUMM XAPAKTEPUCTHKAMH TBE-
PAMX TiT € TEIUIOEMHICTb, TEIUIONPOBIHICTH, TEMIIEpATypa 1 TEIUIOTa ILIa-
BJEHHS, 00 €MHA CTHUCJIMBICTB, E€NEKTPOIMPOBIAHICTh, ICTHHHA TI'YCTHHA,
NO3ipHA WiIbHICTH, PO3YMHHICTD Y PI3HOMAHITHUX PO3UMHHKKAX Ta iH.

TengoeMHiCTh | TENJIONPOBIAHICTL TBEpIHX TiN € Tenaoi3HYHUMM
(TepmoaMHAMiYHMMM) XapPaKTEPUCTHKAMH 1 3BHYAHHO TIOJIaHI B TOBIIKOBIH
JiTEpaTypi AK €KCTepUMEHTANbHI BEIMYHHH JUIsi BU3HAYEHOrO TeMmepa-
TYPHOTO iHTEpBaNny, NpU LbLOMY 3 HiABUILCHHAM TeMIepaTypu oOHIBI xa-
PAKTEPUCTHKH, SIK MPaBUIIO, 3POCTAIOTh.
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Kpucraniydi TBepai pe4OBHHH XapakKTepU3yOThCA YiTKO BU3HAYEHOKD
TeMnepaTypom MAaBJEHHS. HA BIAMIHY BiZ aMoOpdHHUX, TeMIeparypa
pO3M’AKIUCHHA | IIABNCHHS SKHX XapaKTEPH3YEThCH JesSKHM Aiama3zoHOM

430BOTO Tepexoay. TeMrepaTypu NNaBIeHHs NAKHX PEYOBHH HaBeJEHI B
gavrax [ 16,21, 25 ].

VY npouecax XimMiuHMX BHPOOHHMLITB ITEPEBAKHO BUKOPHCTOBYIOTH 3€p-
HHCTI 1 nopowkonoAiOHi TBEP/i MaTepiany, MPU LHBOMY BMHHKa€E HeoOXin-
HICTh BH3HAYATH JIOJATKOBO JESKi KOMIUIEKCHI XapaKTepHCTHKH JaCTHHOK,
IO 3aJeKaTh Bil HU3KH BIAcTHBOCTEH, po3MipiB i ¢opMH 3epeH, cTaHy
{xHpOi moBepxHi. J[0 HHX BiTHOCATB: HACHIHY IYCTHHY, €KBIBaJICHTHUI
RiaMETp 3epeH, JMCIepcHicTh, kKoedillieHT chepHuHOCTi, TMTOMY MOBEpX-
HIO, IOPO3HICTh 38PHUCTOTO NPOLIAPKY TA iH.

TleBHOIO MIpOI XiMiuHA aKTMBHICTH TBEPIUX PCUOBHH 3AICKHTH Bil
pO3MipiB YaCTMHOK: IPYJKOBI MaTepiail MEHII aKTHBHi, HDXK 3€pHOBI i
nopowikosi. Tomy B 6arareox mpouecax XiMi4HMX BHPOOHHUTB TBEpIAi
Matepianu nepen ix ¢isHyHOI0 abo XiMiuHOIO 00pOOKOI HiANalOTh IOIe-
PeRHbOMY IIOAPiIOHIOBAHHIO.

HajisaknHBimoo ¢izHYHOI0 XapaKTEpUCTHKOK TBEPIOrO Tijla € IycTH-
Ha — Maca PeYOBUHH B OJHHHLI 06’ €My, NpH 1BOMY AJIs TUT Y BUMMIAL Ipy-
JIOK 1 IIMATKIB PO3PI3HAIOTE ICTUHHY i II03ipHY FYCTHHY, a IS 3¢pHUCTUX i
NOPOLUKONOAIOHAX PEUOBUH — ICTHHHY Ta HACHITHY TYCTHHY.

Ipy Bu3HayeHHI iCTHHHOI ryCTHHH TBEPIOTO Tijla BBAXAalOTh, WIO
PEYOBUHA € HIIIBHOI 1 HE Mae BHYTPIIIHIX MIKPOINOp, TPILIMH Ta IHIIHX
MOpyUIeHs MIKPOCTPYKTYPH. ICTHHHA I'yCTHHA IPYAKOBUX TBEPAUX MaTepi-
aJIiB QyKe Majlo 3aJeXKHUTh BiJf TEMIEPaTypH, Y TEXHIUHUX PO3paxyHKax L0
3MiHy He BPaxOBYIOTBH aX 1O TeMrilepaTypH IIaBileHHs pedoBHHH. [lepe-
BaXKHa OUTHINICTE LUIUIBHUX TBEPOHX PEYOBUH NMPAKTUYHO € HECTUCIHBUMU
B inTepBani tuckiB 1 — 100 atm.

Y Toli caMuii yac 6arato NpupoOJHUX 1 IUTYYHUX MaTepialiB € LnapyBa-
THMH, [IODUCTUMH — 3 BEIMYE3HOK KUIBKICTIO BHYTPILIHIX ITYCTOT i KaHa-
NiB MIKPOCKOMIYHHX PO3MipiB. Y IBOMY BHNAJKy MOMJIHBO BH3HAYHTH
HIIapyBaTicTh TBEPAOro TiNa i Tak 3BaHy IO3ipHY ryctuny Horo. Ocobnu-
BIiCTIO MOPHCTHX TBEPIHX Till € IXHsS BNACTHBICTH BMIlIATH PiAMHH i ra3u B
NpocTOpi BHYTPILIHIX IIyCTOT, y 3B’S3KY 3 YUM FYCTMHA NOPHCTHX Tin
3aNe)XHTh Bifl IXHBOI BOMOTOCTI i 3aBXKAM MEHINA Bij iCTHHHOI TYCTHHHU.
lInmapysaticTs TBEPAMX T BU3HAYAIOTH METOJOM 3allOBHEHHSA LINAPHHOK
JIErKOMPOHUKHOIO PIIHHOIO Ta 3BaKYBAHHS CYXOTO i BOJIOTOTO IIMATKIB
TBEpIOTO MaTepiaiy.

HInapysaTicTs kepaMidHUX, METATOKEPAMIYHHUX 1 ClIeYeHUX MaTepialis,
a TakoX copOEeHTIB 1 KarasizaTopiB BH3HAYAIOTh AK DPI3HHULIO MHTOMHX

[E—
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06’€MIB MOPOXHHH B OJHHHMLI 06’€My MOpHCTOTO Marepiany, (M/KT),
ToOTO

vy=t L (2.46)

- >
" e Pr

J€ Pr, Px— ICTHHHA Ta MO3ipHA I'YCTHHA TBEPAOTO Tija BiANOBIAHO.

HacHunmHOI0 TYCTMHOIO Ha3MBaIOTh Macy 3epeH, BiAHEeceHy 10 00’emy,
SAKUA 3aiiMae BINBHO HAacUTaHWH B MOCYAHHY Mmarepiaj. SIKWo y BilbHO
HAaCHIIaHOMY MPOIIAPKY 3epHA 3aiMalOTh TiIbKH YaCTHHY 00’ €My, a peIuTy
foro 3aiiMaroTh MyCTOTH MIXK YaCTHHKaMH, TO HACHMIIHA I'yCTHHA 3€PHHC-
TOTO 1Py 3aBXKIM MEHLIA BiJ iCTHHHOI IYCTHHM TBEPJOro MaTepiaiy yac-
THHOK.

XapakTepHCTHKOO 3alIOBHEHHS 00’€My BNacHE TBEPAMMH YaCTHHKAMH
€ 06’eMHa BiTHOCHA KOHUEHTpALis TBepAoi (a3 B mIapi:

Y=V, /Ve=M_/p, V., (2.47)

e V., V;— 00’em BCbOro uiapy i TBEpAHX YaCTHHOK B HbOMY BiIIOBIJHO;
M, — Maca TRepP/INX HYaCTHHOK; P, — ICTUHHA TYCTHHA YaCTHHOK.

XapaKkTepUCTHKOI BiNBHOrO, HE3aMOBHEHOTO YacTHHKaMM, 00’eMy €
HOPI3HICTH 3€PHUCTOTO 1I1apy, N0 BU3HAYAIOTH 3a POPMYJIOI0

£, =l=y=1-V,/Vo=1—p, /p:, (2.48)

ae Vi - 06°eM MIX3EpHOBUX NYCTOT 1 KaHAJIB Yy BiIbHO 3aCHIIAHOMY IIapi.

[opizHicTpb wapy 3a1exuTh BiJ po3Mipis, GOpMH 1 TPaHyJIOMETPHIHOTO
CKJIaly YaCTHHOK, Bifl cioco0y iXHBOT YKJIaJKH B [OCYIHHI.

[MopizHicTh APiOHOAHCTIEPCHOTO 3ePHUCTOTO 1UApYy OAHOPiIAHHX chepu-
YHHX YaCTHHOK, SK NPaBHIO, MEHIA, BHACHifoK OLTbII IMimbHOT TXHBOT
VKITAAKH B MOPIBHAHHI 3 YaCTHHKAMH TAKOT0 CaMoro posMipy iHuoi ¢op-
My, Y Tolf caMuil yac ykiagka MOJiAMCIIEpCHUX YacTHHOK pisHOi opmu
GLTbI LIJIbHA, HIDK MOHOAKCIIEPCHHX, 1, OTXKE, HOPI3HICTh IHAPY — MEHIIIA,

MexaHi4HHit BIUIMB Ha 3€PHMCTHI map (yTpaMOOBYBaHHS HOTO, HH3b-
KOaMIUTITYIHi BiGpalii Ta iHIlie) TaKoXK 10 MeBHOT MEXi 3MEHILIYIOTh opi3-
HiCTH mapy. s GinbuocTi BiIbHO 3acuIaHUX, HEYLIUIBHEHUX, MOBITpPS-
HOCYXHX 3€PHUCTUX IPOLIAPKIB 1 MOPOILIKIB 3 OKPYIIMX YaCTHHOK MOpi3-
HICTb APy KOJIMBAETHCA B inTepBani 0,32<g,<0,44.

Po3Mmip oaHopimHux 4yacTHHOK HechepuuHoi (HOPMH XapaKTEpU3YIOTh
€KBIBAJICHTHHM JiaMETpOM 3a Macoro abo 06’eMoM, IIpH LBOMY

d, =3fSMu _3/6Vu (2.49)
3 . T

ae My, V,—maca i00’eM 4aCTHHKHY BIOMOBIAHO.
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XapakTepUCTHKOIO PO3IOAITY 3€peH 3a po3MipaMu y cepefHiil npodi
[OPOLUKY € AMCNEPCHHH (IPaHyTOMETPHYHHUH) CKIa] — MAacOBHH MpoueHT
260 MacoBa yacTKa OKpeMHX (paxiii 3epeH y npobi mopomiky.

IMpy BH3HAUEHHI AUCTIEPCHOrO CKJIALY CHITYYHMX 3€PHUCTHX MaTepiasib
i3 po3Mipom yacThHOK 0,1-2,5 MM BUKOPHUCTOBYIOTH CHTOBUIi aHaNi3 — po3-
ciloBaHHS cepelHboi IpOOH NOPOLUKY HA KOMIUIEKTI CHUT i3 MOCTYMOBO
3MEHLIEHHM 3BepXy BHH3 PO3MIpOM KOMIpKH, IS MOPOLIKIB i3 po3MipoM
gactuHok (0,1-0,01 MM BHKOPHCTORYIOTH MIKPOCKOMUHWH 1 cenumen-
TaliHHHI METOM aHami3y, a TAaKOX MHEBMO- i rigpoknacudikaiiiro.

Cepenniii JiamMeTp 3epeH, SKi 3aTPHMYIOTBCS MDK JBOMa CYCiIHIMM
CHTaMH, BH3Ha4alTh OaraTbMa crnocobaMmy, MNOMIMPEHHM crnocoboM €
BH3HAUYEHHS CepeIHLOTEOMETPHYHOTO PO3MIpY 3a GOpMYyNOI0

dej =/dgi ~dy; (2.50)
ge d,, d; — po3Mip KOMIpoK CyCiHiX BEpXHBOrO (MPOXiHOTO) I HHX-
HBOTO (HEMPOXiTHOTO) CHT ¥ CTAHAAPTHOMY KOMIUIEKT! BIIMOBIAHO, MM,

KoxHe cHTO CTaHJapTHOTO KOMIUIEKTY Mae€ CBiii HOMep, II0 BH3HAYAE
po3Mip KOMipku cura. BignomeHHs AjaMeTpiB KOMIPOK ABOX, NOPYY PO3-
MiLIICHUX Y Habopi BEPXHbOrO I HMXKHBOTO CHT, HAa3WBAIOTh MOJYJIEM JAHC-
NepCcHOCTI KOMIUIEKTY CHT, IIPH HboMy m¢ =d,/d,.

V ¢BiTOBi#l npakTHLi BUKOPUCTOBYIOTb CTAHIAPTHI KOMILIEKTH CHT i3
TAKUMH MOMLYJISAMU JMcrepcHocT:: my, =+2 =1,414; m,, =10 =1,259;

my =210 =1,122.

Jns oNiAMCnepcHOro 3¢€pHUCTOrO 1IApy i MOPOLIKIB, IO CKIaJaloThCA
i3 YaCTHHOK pi3HOr0O PO3Mipy, CepesHiid eKBiBaIEHTHHIA TiaMeTp BH3Haua-
I0Th K CE€PEIHBO3BAKEHY BEJIMUHHY Ha 6a3i CHiBBiTHOIIEHHS

n
dcp =m1d1+m2d2+... +mndn =%m1dl s (251)

Ae mj, my, ..., M, — BMIiCT KOxkHOT ¢paxuii B npobi, Mac. yactkax; d,, d, ...,
d, — cepenHiit po3Mip 3epHHH KOXHOI QPaKLii Ha CHTax BiAMOBiAHO.

BaxxnnBoro XapakTEpHCTHKOI) JHCIEPCHHX MaTepialiB € MHTOMAa
MOBEPXHN YaCTHHOK — TOBHA 30BHIIIHA MMOBEPXHA BCIX YACTHHOK B OJH-
HHIIi 00’ €My 3€pHUCTOTO 1IApY :

fy =Fq/V, . (2.52)
Hns yactHHOK cdhepryHoi HopMH THTOMA MOBEPXHSA JOPIBHIOE
d3
fyo =md2 N/ —4_.N = 6(1-#)/d,,, 2.53
yo ‘*/6(1_8) (1-oyd, 2.53)
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ne fy. — NMTOMa [OBEpPXHA 3epeH y lapi, M*/M’; N — KifbKiCTb 4aCTHHOK B
1 M° 3epumcToro marepiany.

[TuToMy MOBEPXHIO MOAPIGHEHHX MaTepialiB YacTo BiAHOCATH O OIHM-
HHLi MacH TBEP/Oi PEYOBHUHM, MPH LBOMY JUIA CHEPUYHUX YACTHHOK
3

d
f, = Fy/M, =nd3.N/N-”T“pT = 6/d4p, , (2.54)

ae f, — MHTOMa NOBEPXHs YaCTHHOK B | KI iX MacH, MY/KT.

[MosepxHsi HechepHUHOT YacTUHKH 3aBXAW Oinblia, HiX chepuyHol
takol caMoi MacH, y 3B'M3Ky 3 UMM JUIS XapakTePHCTHKU BiJXHWJIEHHS
thopMHu 3epeH Bijl chepHUHOT BUKOPHCTOBYIOTh KOedillieHT chepuuHOCTI

0 = f,/t (2.55)

q kd
ne f., f,— momepxHs chepuuHoi i HecHepHUHOT JACTHHOK OJHAKOBOI MacH
BIJIMOBiTHO.

ExcrepHMeHTaNbHO | pO3paxyHKOBHM IIUISAXOM IS YacTHHOK Pi3HOMAa-
HiTHOT GOPMH 3Haiigen] 3HaueHHs Koe(ilicHTIB cdepuyuHoCTi, fKi moaaHi
HIDKYE.

Popma JaCTHHOK 0N ®opMa YaCTHHOK Qe -
Okxpyrna 6e3 pi3kUX BUCTYMIB 0,8 -09 OxTaenp 0,846
Oxpyrna 3 piskumu Buctynamy 0,65 - 0,8 Ky6 0,806
KyracTi, mopcrki 0,4 -0,65 Terpaenp 0,670
ITnacTunuacri 0,2 -0,4 Huningp h=d 0,873

ITuTOMa nosepXHsA HECPEPHUHHX MOHOAMCIIEPCHUX YaCTMHOK B OJUHHLI
06’eMy mapy (M*/M°) i3 ypaxyBanHAM koediienTa chepuuHOCTi AOpiBHIOE

fyq =6(1- £)/0¢-dg - (2.56)

ITuToMa moBepxHA (MZ/KF) MOJIiIUCIIEPCHOTO MOpPOUIKY, SKHH CKiaga-

€TheA i3 HechepUYHUX YACTHHOK, BH3HAYAETECS 3a 3alexnHICTIO
6 1

f,="-—+--—7-—, (2.57)
y p n

T %(midci Pei)
ae dgi - cepenniil miameTp 3epeH okpeMoi MOHOdpaklii; ¢ - KOeDillieHT
chepuuHoCTi 3epeH mus Aadol MoHOodpaKIii; m; — MacoBa YacTKa MOHO-
¢pakuii 3epeH y cepeaniii npobi moapibHeHoro Marepiany.

[TuToMy NOBEPXHIO MOPOLIKOBUX Ta 3¢PHUCTUX MaTepiaiB BU3HAYAIOTh
eKCIIEPUMEHTAIEHEM METOJIOM TpocovyBaHHA (QineTpauil) nopiTpsa depes
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3epHUCTHH 1ap abo ancopObLiHHUMU METOZAMH.
KifekicTs chepuyHHX YAaCTHHOK 3€PHUCTOTO MaTepialy MOXKHAa BH3Ha-
yuTH 32 GOpMYIOI0

N=6M/ndsp,, (2.58)
BiATOBITHO KINBKICTh HeC(ePHUIHMX YACTHHOK JIOPIBHIOE
N=6M/Amog)dip, (2.59)

ge M — HaBaxkka (Maca) 3epHUCTOrO MaTepiaily, Kr.

3aranbha (MOBHA) NMOBEPXHA HECHEPUYHNIX YACTHHOK, IO OOTIKAKOTHCS
[HOTOKOM CEpEIOBHILA 32 YMOBH iXHBOI PIBHOZOCTYNHOCTI, MOxe OyTu
BH3HAYEHA 34 3aJTEXKHICTIO

Fu=Mf, = s M (2.60)

p n
T Z(midg; 94)
1

V tabuungx A2 1 A3 (guB. 101aTOK A) HaBeJCHI OCHOBHI BIaCTUBOCTI
JESKHX TBEPIAHX TiJ 1 3epHUCTHX MaTepiaiB.

Bianosinaroud Ha 3aMWTaHHA, IO TOCTABJEHE HA NOYATKY pO3Aily, a
CKINBKH K MIIIMHOK 3HAXOJMTECS B TOHHI MiCKYy, B3fABIUM TXHiH cepeaHii
piamerp 0,8 MM 1 koebiuieHT cdepuunocti ¢=0,9 Ta BHKOPUCTABILIH
dopmyny (2.59), 3uaiineso N=2,472:10° mrryx.

Konmponwui 3anumanns

1 Bid sixux napamempis npoyecy 3arexcump azpe2amuuli ((hazosuty) cman pewosunu?
2 Axi npoyecu pazosux nepexodie Bu snaeme? Jatime ixuni usnavenns i nazeims mep-
Modunamiuni echexmu yux npoyecis.
3 Hazeimb mepmodunamiyni napamempy cucmemu, npu 0ocsicierHi saxux 6y0b-sikuld 2az
MOOICHa nepemgopumu 8 piduny?
4 3amauime opmyny, wo 0o3sonae susnauumu 0b’cm 2azy npu amini tiozo memnepa-
mypu i mucky.
S Banuwims Qopmyny, wo 0036045€ po3paxyeamu yCmMuHy napu pPIOUHU APU 3MIHAX
memnepamypu i Mucky.
6 Sk gusnauumu 8 'a3xicms iHOUBIOyaibHUX peqosun (2a3ie, pioun)?
7 Ax euznauumu 6’ssxicme cymiwi 2azie (napig) npu niogsuyenux memnepamypax i
mucky?
8 Sk susnauumu no3ipHy 2ycmuHy cycnem3sii?
9 Ax suznauumu HACUNHY 2YCMUHY 3EPHUCMO20 Wapy?
10 Sk suznauumu nopucmicme 3eprucmo2o wapy?
11 Ak susnauumu cepeoniti diamemp 3epen nonioucnepcroi cymiui?
12 Hx suznauumu nUmMomy noeepxuio 4acmox 3epHUCINO20 RPOMapKy?

—
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PO30IN 3
OCHOBM NPUKIIAQHOI T|PABIKU

Y yvomy poszoini ...

+ Illo susuae i wio Moxxe 2iopoduHamiKa?

IIpo macosy ma ob'emHy sumpamy cepedosua.

¢ S 3a sumpamoro cepedosuiya usHauumu 0ia-
Mmemp mpybonposody abo anapama?

¢ Hasiuio 80HO - pIGHAHHS HEPO3PUBHOCMI NOMOKY P

¢ SIKi 6ysaromo pexumu meuii nomoky?

¢ Hasiuwo supaxosyroms onip anapamisg?

*

PisnomaniTHI (iznko-XiMiuHi NpoLecH, M0 NPOXoAATh ¥ XiMidHIHA ana-
patypi, 4acTo CYNPOBOKYIOTHCS PYXOM Ta NepeMillleHHAM MaTepialbHUX
IOTOKIB - PiiMH, Ta3iB, TBEPAHX YACTHHOK B arapatypi, i3 iXHbOIO B3aEMO-
Ai€0 MK coGor0 1 3 HABKOJIMIIHIM MPOCTOPOM - 13 TREPAHMH YACTHHKAMH,
BHYTPIUIHIMM MPHUCTPOAMH, CTIHKAaMM anapaTiB i TpyOONpoBoOiiB Ta iH.
ToMmy BuHHKae HEOOXiIHICTh KOPOTKO PO3TIAHYTH esKi MON0KEHHS OCHOB
MPUKII3IHOI TiAPaBIIKY 1 TIAPOANHAMIKH.

TiapaByika — Hayka, 10 BMBYAC 3aKOHH piBHOBaru i pyxy piuH y
KaHamax i B IPUCTPOSAX pl3HOMaHlTHOl tbopMH, a TakoK NPAaKTHYHE 3aCTO-
CYBaHHJ LHX 3aKOHIB y TeXHi4HHX cHCTeMax. I'ijpasiika noaiiseTses Ha
ABi B32€MOIOB’ 13aH1 YAaCTHHK: T1J[POCTATHKY Ta rijpoIHHAMIKY.

TinpocraTuka ONMHCYe 3aKOHM PIBHOBard pifluud Ta 11 Ail0 Ha TBepAi
Tijia 1 CTIHKH CyJWH 1 anapariB y cTaHi CTOKOIO.

Fmponunamma BUBYAC 3aKOHOMIPHOCTI PyXy MOTOKIB piAMHH i B3ae-
MOJIiT X i3 HABKOJMILLIHIM NPOCTOPOM 1 3 TBEPANMH TiNaMH B NIOTOKaX IMpu
iX11bOMY BiTHOCHOMY TNepeMiILeHHI.

PeanbHi piiHHKA PO3PI3HAIOTH CTOCOBHO Aii HA HUX THCKY: NMPYXKHI piam-
HM — Ta3d i mapH, WO 3HAYHO 3MiHIOIOTh CBI 06’eM nia mi€ro THCKy, a
TaKOX KparmuuHi PiIHHH — CepeMOBHUILA, WO 3AaTHI YTBOPIOBATH KPaTLIIo,
AKI IPAKTUYHO HECTUCIHBI abo TaKi, [0 AYKE MajIo 3MIHIOIOTh CBil 06’ em
7] IIEK0 THCKY B M@Xax foMipHoro (1o 50 aTM) TucKy.

3.1 OcuoBuuii 3aK0H FiAPOCTATHKH

OcHoBHHI 3aKOH TIPOCTATUKH BH3HAYAC PO3NOLIN THUCKY B 006’ emi
piaHHH, sika nepebyBae MiJ [i€r0 30BHILIHIX I BHYTPILIHIX CHJl, € HEPYXO-
MO0 ab0 3HAXOIUTLCA Y BIIHOCHOMY CIIOKOT.
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Hepyxoma pifpHa cnpuiMae THCK, IO Ji€ MO HOpPMani [0 NOBEPXHi
PiIMHA i mepenaroThes ycepeansi ii 06’emy plBHOMlpHO B YCiX HanpsaMKax.

VY pigMHH, 110 3HAXOAHTHCHA B HepyXOMm nocynum (Ill/lB puc. 3.1),
BHAIHMO eleMeHTapHHH 006’€M y BHITISAI napajeieninela 3i cTOPOHAMM
dx, dy, dz i po3risHeMo YMOBH Horo piBHOBar# MHiJ Ii€l0 30BHILIHBOTO
THCKY ra3y P, (TloBepXHeBi CHIIH) i CHJI MAaCOBHX CaMOi PiUHH.

Pucynok 3.1 — Cuay, mo giloTh B
00’emi Hepyxomoi piauuu

Ha sepxHio mmowMHy napajeneninena nie

NOBEPXHEBA CUJIa TUCKY a3y, AKa JOPIBHIOE
dP, =P, dF =P, dx dy.

Ha mibxHIO MnomuMHy 1apaienenineaa n0JaTKOBO AIOTh MacoBi CHIIH

CTOBIA PiIUHH, PU LHOMY
dP,=dP, + pg-dV =P,dx dy + pg dx dy dz .

Hiroui cuiu Ha OivyHi TpaHi Mapajiemneninefa B3aEMHO BpPiBHOBaXYIOTh
OIHa OJIHY, TOMY 1[0 BOHH 32 BEJIMYHHOIO PiBHI i CIPAMOBAHI MPOTHUIIEHKHO.

THCK piAMHH HA HHKHIO TUIOLIMHY TIapaJielienineaa JopiBHIOE

dp, (P, -dx-dy+pg-dx-dy-dz)
p=—== = Py+pg-dz ,
dF dx-dy

Jie p — rYCTHHA PIJHHH.

PiBHAHHS TiipOCTaTHKH 3BMYANHO NOOAETHCA Y TAKOMY BUTJISL:

P, =P,+pgh, 3.1

NpH UbOMY BOHO MAaTeMaTHYHO BHpaXXa€ OCHOBHMH 3aKOH TiIpOCTaTHKH,
3rilHO 3 AKHM THCK, 110 zie B pinuui B 6y Ab-aKil TOKanbHiM ToOUIi yeepe-
IvHi 06’ eMy HepyxomMol PiIMHH, CKIaNAETHCs 13 30BHILIHBOrO THCKY HAA 1
Mmcq;aa.osoro TIOBEPXHEIO 1 THCKY CTOBIIA PiaKHY, BiAMIpEHOTO BiJ A3€pKa-
J1a if MOBEPXHi A0 JaHOT TOUKH.

OueBHIHO, WO AN BCIX TOUOK, IO PO3MILLYIOTHCA HAa OXHAKOBIH BHCO-
Ti, BeMYHHA TiAPOCTATHYHOTO THCKY € CTaloK Pr=pg-h=const i, oTke,
THCK y HEX Oyze 3MiHIOBAaTHCA TLIBKH 31 3MiHOK 30BHIIIHBOTO THCKY, NPH
UbOMy BilNOBigHO X0 3akoHy Ilackans BiH Gyme nepesaBaTHCs yciM ToOY-
Kam 1i 06’ eMy B ycix HanpsMKax piBHOMipHO.

3aKoH I‘iLlpOCTaTHKH € CTpaBeIMBHM I CTHCIIMBHX 1 HECTHCITUBUX
PimuH, a TakoX WA cyMimed rasis, napis 1 piguH.

Pignna Moxe 3HaXOAHTHCH B CTaHi piBHOBAard HaBiTh y _BUMAjKy i pie-
HOMIpHOTO pyXy, fKIO B CHCTeMi MIATPMUMYETHCH CTAnuii TMCK (Harip).
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VY upOMy BHIMAAKY TOBOPATH MPO BIAHOCHUH (LIOAO CTIHOK MOCYAHHU)
CTIOKIH piAVHH.

3.2 Tippoamnamika noToKy B’sizkol piguuu

OCHOBHUM 06’€KTOM BHBYEHHSA 3aKOHOMIDHOCTEH TigpoAWHaMIKu €
notik B’s3K0i pifHy, ToOTO pyx 06°€MiB 1 Mac pigHHH B KaHalax Pi3HHX
NpHCTPOTB 200 MiXK MOBEPXHAMH, 110 X 00MeXyI0Th. Po3pisHa0TE 3 BUan
NPOLECIB, 0 BU3HAYAIOTH TIAPOAMHAMIKY PyXY IOTOKIB PiIHHH:

a) BHYTPIIIHIO 32784y T1OpOAMHAMIKA — YCI BHAM PyXy Ta3iB 1 piltud y
IyCTOTIJIMX Ta 3allOBHEHHMX HacagkaMH TpyOax, kaHanax i amaparax;

0) 30BHIIIHIO 33734y — pyX Ta OOTIKAHHA TBEPAMX YaCTHHOK Ta Tij
CKJIa/IHOT POPMH y ra30BOMY i piIMHHOMY TOTOKAX;

B) 3MilllaHy 3a1a4y — PYX MOTOKIB ra3y abo piluHH B HacalKax i 3epHH-
CTHX NpoIapKax pi3Hol MINapyBaToCTi.

PyumiifHO0 CHIOK IpOLECy, Mil M€ K0T 3AIHCHIOEThCS NPUMY COBHi
PYX MOTOKY PiAMHH, € PI3HHIA THCKIB Ha AUNAHLI pyXy.

Po3pi3HAIOTEH yCTaNeHHH | HeyCcTaleHHH PyX MOTOKY.

YcerajeHHuM (CTAllIOHAPHHM) HA3HBAIOTH PyX MOTOKY PIAUHH, IpH
AKOMY IIBUIKICTE HOro B JIOKAJLHOMY NEpepi3i He 3MIHIOETHCA 3 4acoM.

Ilpy neycTajieHOMY (HECTALliOHAPHOMY) pyCi NIIBHJAKICTh NMOTOKY
3IMIHIETBCS 3 Y4COM B JIOKAJBHOMY TIepepi3i AK 3a BENHYMHONO, TaK i 3a
HanpaMKOM.

Pyx ra3iB i pioguH y TPyOONpOBROJAX XapaKTepH3YETbCsd OJHAKOBHMH
3aKOHOMIPHOCTAMH 33 YMOBH, LIO LIBHIKICTb iXHbOIO PyXy 3HAYHO MEHILIa
BiJl IUBUAKOCTI 3BYKY. SIK IIpaBuiio, pyX MOTOKY raly abo pilMHH B XIMI4HHMX
amaparax i Tpy0onpoBojax BifOyBaeTbcs uepe3 Horo MoBHUE NONEPEUHHit
nepepiz (y NycroTiiMx anaparax) abo depe3 CTHCiI IEpepi3H, 3allOBHEHi
nepopoBaHNUMH JIHCKAMH, HACAKOI0 a00 pi3HOMAHITHHUMH MPUCTPOSMH.

[Tnorra nonepeyHoOro Nepepizy anapara, MepleHIHKyIsIpHa 10 Horo oci
TA yepes iKY PyXa€eThCs CEPENOBULIE, HAZUBAETHCA KHBUM [EPEPI3OM.

B anmapartax, 3armoBHEHHMX Pi3HOTO pOIY NPUCTPOSMH Ta HAcCaAKaMH,
*KMBHH mepepi3 3aBiAH MEHIIWH B IOPIBHAHHI 3 TyCTOTINHMY allapataMH,

3.2.1 OcnoBHi xapakTepHCTHKH JMHAMIKM NOTOKIB

OCHOBHUMH XapaKT€PUCTHKAMH PiANHU, 110 PYXAEThCA, € MBHAKICTD
Ta THCK, SKUH € PyLUiHOK CHJIOI0 PYXY MOTOKY. Y 3B'd3Ky 3 THUM, LIO
WIBHIKOCTI PYXY OKPEMHX CTPYMKIB Y MOTOUI piiHHY PI3HOMaHITHI B pi3-
HMX TOYKax oro 1monepevHoro nepepisy, y po3paxyHkax BHKOPUCTOBYIOTh
HOHATTS PO CepeHI0 WBHIAKICTL — YMOBHY (0cepeRHeHy) IUBUAKICTE,
13 AKOI MOBHHHI OyiiM O pyxarHcs eleMeHTapHI YaCTHHKM PIAMHH uepes
BEChb MONEPEYHUI mepepi3 MoToky, 3a0e3neuyroun Taky camy il 06’emHuy
BHTpaTy, SIK i IpH peaibHOMY PO3NIOAITI WIBUAKOCTEH.
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Cepeliisi WIBHIKICTh NMPHUMYCOBOIO PyXy pLIMH Yy HamipHux Tpy0o-
npoBOAax i anapartax ckianae 0,8-2,0 M/c, IpH caMOILIMHHOMY pYCi cepe-
qHA WBHAKICTS cknapae 0,1-0,5 M/c; cepeiHs WBHAKICTL rasis i napu y
panipHuX Tpy6Gonposonax jopisuioe 10-25 m/c, BianmosinHo B OinbiuocTi
xiMIYHHX anapariB BoHa ckjajae 1-5 m/c.

06’e¢mHa i macoBa BUTpaTH pignHu. KinbkicTs piamMHu, Uio npoTikae
yepe3 TOTIEPEYHUH Mepepi3 NOTOKY B OJAMHMLIO yacy, Ha3UBAIOTh BHTPAa-
TO0, TIPH 11bOMY PO3PIZHAIOTE 00’ €MHY 1 MACORY BUTPATH.

O0’€MHAa BUTPATa BU3HAYAETLCH 33 HOPMYIION0

V,=wS§, (3.2)

ae V. — o0’eMHa BHTpaTa cepeloBHILA, Mle; w— cepeaHs HIBHAKICTE
[IOTOKY, M/C; S — IIOIIA ITOTIEPEYHOro Nepepisy noToky, M
MacoBa BuTpaTa C€pEIOBUINA BU3HAYAETHCA 33 GOPMYIION0
M, =V,-p=w-pS, (3.3)
ne M. — Macosa BHTpaTa, KI/c; p — IyCTHHA CEPEROBHILA, KI/M.
Jlisn amapariB i TpyGONpOBOMIB KPYyrioro MomepevHoro mnepepizy pis-
HAHHA 00’ €MHOT BUTPaTH Ma€ Takuil BUTTIAA:

chng-w=0,785D§-w. (3.4)

Ipu Bizomux 06’eMHKx abo0 MacOBUX BHTPATaX CepelOBHILA i B3ATIH
(abo po3paxoBaHiil) cepeHii MBUAKOCTI MOTOKY MOXHAa OOYHCIHMTH
noTpiOHult niameTp amapara 3a GopMyIow

= L=l,]3 Mc, (3.5
0,785w prw

Pospaxosanuii qiaMeTp TIOPIiBHIOIOTH i3 pAAOM CTAaHJAPTHHUX AiaMeTpiB
HMATHAPUYHMX 000IOHOK, BUOHPATOTh HAROIIKUMI Ta YTOUHIOIOTH po3pa-
XYHKOM CEPEeIHIO IIBUIKICTh PyXy CepelOBHILA B anaparti.

ExsiBanenrnuii ngiamerp. Ilpu nepemillieHH1 pilMHM Yepe3 KaHAIH
HEKpPyIIIoro nepepisy 3a po3paxym<013uﬁ 4acTO BHKOPHCTOBYIOTh €KBi-
BaJICHTHMIL  alamerp — TrajaHui nlamerp pr6onposony KpYyTJ0ro
nepepisy, A8 AKOro BIAHOMIEHHs MUIOWLI MOMEPEYHOTO Nepepisy MOTOKY 10
3MOYEHOI0o MepUMETpa Take came, SK i AN KaHajy HEeKPYIJoro mepepisy,
NpU HHEOMY

4S
d,=—, 3.6
2 I ( )

Ae S — muoma 3amOBHEHOTO [OTOKOM MONEPeYHOro Mepepisy KaHamy;
IT - 3moyenuit noTokoM MepuUMeTp KaHay.

[ S—

Ocrosu npuxnaonol eiopasniKu 57



Hpuxnaa 3.1 Tlo tpyGonposoay niaverpoM 108x4 MM Hacocom npu 20°C
nepekadyoTh Tonyos 3i mBuakicTio 0,8 m/c. BusHaunmTH 06’eMHy Ta MacoBy
BUTpATY TOAYOJy 3a TOAHHY. 3 AKOK WBHAKICTIO Dy/le pyXaTHCh TOIyOll Hepes OBa
OJIHAKOBI po3rayy)keHHs Big Tpybonporody AiaMeTpamn 57x3,5 Mm?

Po3s’sn3anug. | 3a (popMyﬂom (3.2) o6’eMHa BUTpPaTa TOJNYOIYy B CEKYMAY
ckmagae Ve=wS = wd”/4 = 0,8-3,14-0,1%/4 = 6,28 10'3 M’/c. OB’emua BUTpaTa
ToyOlly 3a rofuHy cknagae V. =3600V.=3600-6,28-10 =226 M/r .

3a nanuMu Tabn. 2.1 rycTHHAa Tonyoly AOpiBHIOE pr =870 kr/M’. Macosa
CeKyHJHa BHTpara Tonyoiny 3a gopmynoro (3.3) gopismioe M=Veps
=6,28:107-870=5,46 «kr/c. MacoBa TroAMHHA BHTpaTa TOJNYOLy JODIiBHIOE
M,=3600M, = 3600-5,46 = 19669 kr/T .

2 I3 gopmynu (3.2) WBHAKICTL PyXy CepefoBMIIA B TPYOONPOBOAL AOPIBHIOE
w=V /8. Bpaxosywuu, Lo TpyGONpPORiJA Mac ABa po3raly:KeHHs OJHAKOBOTO Nia-
METpa, B TAHOMY BHOAOKy Wi = V/28, =628 107 /2 0,785 0,05° = 1,6 M/c.

Mpukaan 3.2 Boasna napa npy temnepartypi 150 °C mig tuckom 2 at™ pyxa-
€Thes 31 WBHAKICTIO 12 M/c B pr6onp03011i JiameTpoM 76x4 mm. 3HaiimiTe Maco-
BY BHTPATY NTApH, SAKIIO WBKHIKICTh PyXY Napu B pr60HpOBO)J] 361BIIMTH 70 15
M/C Ta MiJIBULIMTH THCK TIapH A0 5 aT™ .

Poss’s3anns. [IpunycriMo, INO BIACTHBOCTI BOASHOI MapH BiANOBINAKOTEH
BIACTHBOCTAM 1A€aNBHOrO razy, i ckopucraeMocs (popmyioro (2.6) 1nd BU3HAYCH-
Hs TyCTHHU BOJSIHOL TAPH B 3a/IEAKHOCTI Bl TEMIEPATYPH T4 THCKY.

['ycTuHa BoasHOT mapn npu THCKy 2 at™ i Temneparypi 150 °C mopiBHioe

_ 18 273,152 ~ 10025 xr/ng®
P1= 504 (275,15+4150)1,033 ) KM
MacoBa BUTparTa BOISHOT ITAPH Mij TUCKOM 2 at™ 3a piBHsHHAM (3.3) cknanae
Me = wpS = 12x1,0025%0,785x0,068% = 4,37 107> kr/c = 157,2 kr/r .
HICHH 30inpIeHHs THCKY [apH Jo 5 atM 11 TyctuHa Oy/ie 10piBHIOBATH

18 273,155 25 i
P2 =554 (27505+15000,033 7 KM
MacoOBa BUTpara BOII?IHO[ rnapm I‘ll[[ THUCKOM 5 at™ CKIaae
M, = wpaS = 12x2,5x0,785%0,068> = 0,109 kr/c = 392 Kkr/r.
OTixe, NIABHIIEHHS TUCKY B TpyOOnpoBoaax crnpuse 36insiieHHIo ixupol npo-
TIyCKHOT CIIPOMOYHOCTI.

3.2.2 PiBnsinug Hepo3puBHOCTI (MaTepiaibHOro 0aJIAHCY) MOTOKY

Ilpu nepemiwmenni pigy i rasis B anaparax i TpyGonposonax cepesus
IIBUIKICTb X 3MIHIOETHCSA B NMPOCTOPI NPH MEPEXOAl Bijl OHOro nepep13y
JI0 1HILOTO, NPH LIbOMY CEPEIOBHILE 3alIOBHIOE BECh IMONEPEUHHH nepepis
anapata 0e3 yTBOpEHHs MyCTOT i po3puBiB NOTOKY. B Tol camuii uac maco-
BA BHTpaTa cepeloBHila B OyAp-iKOMY MOMEPEYHOMY mepepi3i anapara
3IMINAETBCS He3MiHHOI. TakHil cTaH pyXy NOTOKIB B anmapaTax Ha3uBa-
€THCS YMOBOIO HEPO3PHUBHOCTI (cyUinbHOCTI) TeUil HOTOKY.
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Ha puc. 3.2 noka3ana 3MiHa IBHIKOCTEH IIOTOKY Ia3y B PisHOMaHITHUX
nepepizax HacajikoBOTro Ckpybepa.

Pucynok 3.2 — 3mina mBuakocTi pyxy
OOTOKY Tra3y mo BHCOTI HAaCagKoOBOIo
CKpyOepa:

A - BxiArady; b - suxiarasy, B —exin
Boau; I' — BHXig BOAH,
Wi, Wy, W3 — JIOKaJIbHA IIBHIKICTE TOTOKY

ra3y B nepepizax l-1, 2-2, 3-3 BiamoBiAHO;
WP W >W;
A Ul . o

E W 3a BiACYTHOCTI 006’€MHHX BTpPAT MOTOKY
1 rasy Ans ckpyOepa MOYKHA CKIacTH PiBHAHHA
Hl/ I" MaTtepianbHOro DajlaHcy, BINOBIAHO A0 SIKOTO
- MacoBa BHTpaTa CepeloBHINA B Oyib-sKOMY

nepepizi anapara aMUIIAETLECS CTaNoIo, TO0TO
M, =w;p;S; =w,p,5, = ...=w;p;S; =Const , (3.7)

ze P, P2, ..., Pi — TYCTHHA CEPEOBUIIA Y BIANOBIIHOMY IEpepisi.

3anexHicTs (3.7) BHpaXkae CTalicTh MacoBol BHTPaTH (MaTepiaibHOrO
6amancy) cepenoBuLla | HA3HBAETHCS PIBHAHHAM HEPO3PUBHOCTI MOTOKY.
Jns HECTHUCIMBHX PiMH, Y SKHX T'YCTHHA CEPEJOBHIIA NMPAKTHYHO HE
3aJICKHTH BiJl TEMIEPATYPH 1 THCKY, PIBHAHHS OTPUMAJIO BUTJISLI
Vc =Wlsl :w282 =...=Wisi. (38)
PiBuanua (3.8) 103BOJNIAE BU3HAUKTH CEPEOHIO UIBHAKICTD PYXY NOTOKY
cepenoByILa B Oynb-1KOMY JI0KaJbHOMY fepepisi anapara, mpu [sOMy
S S
Wi = Wy ok = Wy ot (3.9
: S, S
. . 1- 1
Insa TpyGonpoBomiB i amapariB HUAIHAPUYHOTO TEPEPi3y 3 PiBHAHHSA
(3.9) BunaBac Take:

0,785d;
" 0,785d2

s TpyOHHX MyuKiB Ter1006MIHHHKIB MBHAKICTh MOTOKY CEPEAOBMILA
Ycepenuni Tpy6ox AopiBHIOE

S 0785d] &[QLT

i w,(dy/dy ). (3.10)

W, =W =W, ——= 3 (3.11)

S, '0,785nd? n (d,
A€ d, — BHYTpiLHii KiaMeTp TpYOOK; N — KiNbKiCTh TPYOOK B OLHOMY XOIi.

—
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IMpu nepemilieHHi B anapaTi MOTOKY Ia3iB, TeMNEpaTypa SKUX 3MiHIO-
€THCA O AOBXKHHI (BHCOTI) amaparta, Oyzae 3MIHIOBaTHCS Takox 00’eMHA
BUTpaTa rasy, a OTXKe, 1 JJOKaJIbHa CePEAHs LBUAKICTD razy.

3.2.3 Pexxumu Tedil NoTOKIB pinnnn

CTpykTypa NOTOKY | XapakTep Tedil cepeJoBMINAa B HBOMY ICTOTHO
BIUIMBAIOTH HA MPOLIECH NepeHeCceHHs KUILKOCTI pyXy, eHeprii Ta MacH.

IIle wanpukini 19-ro cropivus O.PeitHonbic ekcrnepuMeHTANBHO
BCTAHOBHMB, IO XapaKTep Tewil cepenoBHLIA B KaHaNaX 3aJeXUTh Bid iioro
JiaMeTpa i napamerpiB IOTOKY, 1 U0 iCHYe JBa MPHUHLHMIOBO Pi3HOMAHIT-
HHX BUJHU PyXy B’S3KHX MOTOKIB PIAHHH.

Ipu mamax LIBHAKOCTAX PyXY NOTOKY B MPAMHX TpyOKax Manoro fmia-
METpa i Py 3HAYHIi B’I3K0CTI OKPeMi [POIIAPKH PiXHHH CKOB3AIOTH OMH
BiTHOCHO THILHX NapaNeasHuMH, 1[0 He 3MIIYITECS MiX co0O0I0, CTPYMHU-
Hrkamu. Takull xapaxrep Teuil Ha3uBaeThCsd JdamMiHapHHUM (CTpPYMHH-
HHM, LIapyBaTUM, YIIOPSIKOBAHHM) PEIKHMOM.

[Ipu naMiHapHOMY pexumi Tedil IOTOKY B HpsMOMYy Tpybomporoi
npo¢hine MBUAKOCTEH Tedil OKPEMHUX CTPYMHH B MO3/JOBKHBOMY IIepepisi
TpyOH PO3MOAINAETBECA 33 HAapaboNiYHHM 3aKOHOM, BEIMYMHA LUBHAKOCTI
3MIHIOETbCS BiJ HyJs 6ins CTIHOK OO MAKCHMAalbHOIO 3Ha4yeHHS MO oci
TpyOH, NP HBOMY CEPEAHS MIBHIKICTh HOTOKY Wp = 0,5 Wpnay.

TTpy WBHAKOCTAX NOTOKY GIMBUIAX BiJ 3a3HAYEHOT MEXi XapakTep Tedil
3MIHIOETHCS | CTPYMHHY MOYHHAIOTE PYXaTHUCH HEBNOPSAKOBAHO, XA0THYHO
3a CKJIAJIHUMH, YBECH HaC 3MIHIOBAHMMH TPAEKTOPIAMH SIK B OCHOBOMY, TaK
i B pagiaibHOMY HAMPAMKAX, 3 IHTEHCUBHUM TEePEMIlIyBaHHAM MIX c0o00t0
i3 YyTBOpeHHsIM BUXOpiB. Takuii XapakTep — peKHM Tedil NOTOKIB Ha3HBa-
€TbCs TYPOYNEeHTHUM (OYpXIHBUM, HECMIOKIHHUM).

Enropa po3noainy WBUIKOCTEH OKPEMUX CTPYMUH MO Mepepizy TpyOH
npu TypOyAEHTHOMY pekuMi Tedii Takox saBise coboro napaboiny, ane 3
6i7b1I [IOCKOIO BEPIUHHOIO, PU LUBEOMY W, =(0,8-0,9)Wpay.

KipKiCHOIO XapaKTepHCTHKOIO PEXKHMY Tedil IIOTOKY B TpyOomnporojax i
KaHanax cknagHol GopmMu € Ge3po3mipHHit KOMIUIEKE — yncio PeiiHoneaca

w.d
Wedsp  Wedy (3.12)
v v
Jie W, - CepelHs IUBUAKICTE pyXy MOTOKY cepeloBuila; d, - eKBiBaNeHTHUI
JiameTp KaHaiy; p — I'YCTHHA CepeIOBUINA; |l — AWHAMIYHA B SA3KICTh cepe-
JIOBHILA;, V — KiHEMATH4HA B A3KICTh PiIAMHM.

PefiHONbAC BCTAaHOBMB [iama3oH KPHTHYHHUX 4YHCENd, AKI 3MIiHIOIOTH
PEXHM Tedil MOTOKY cepenoBuiiia. Tak, CTIHKHN TaMiHADHHH PeXKHM Teuil
NOTOKIB Y MpsMHX Tpy6ax i xaHamax Mae micue npu Re <2320, criiikuii
PO3BUHYTHH TypOYJIEHTHHH pexuM Teuil MOTOKY 3aBxkad OyBae mnpu
Re > 10000, B inTepBani yucen 2320 <Re < 10000 pexum Tedil moroky
HEMOCTATHBO CTIHKHI 1 HOro HA3MBAIOTH MEPEXiTHUM.

Re=
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Mpucrinanii (MpumeskoBuii) npomapok. Jlis cuil B’S3KICTHOTO TEPTA
MAKCHMAJILHO BHABJISETHCS B MPOUIAPKY, IO NPUIATAE 10 MOBEPXHI CTIHOK
xaHa/ly ab0 IJIaCTUHH 1 OMMBAIOTBCA TIOTOKOM DiIMHH, WO pyXaeThes. Llek
MPOLIAPOK HA3UBAETHCS TiAPOJNMHAMIYHMM [PUCTIHHMM (PUMEKOBHM —
IpUrpaHMYHAM), BiAKPUTTA NPUCTIHHOIO MPOIIAPKY € OTHMM 13 3HAYHMX
JOCATHEHDb rigpoavHaMiky. ToBIIMHA MPUCTIHROTO NPOLIAPKY 3ANEKHTH
BiJ peXUMy Tedil MOTOKY, i BOHAa 3MEHLIYETLCA B Mipy 30iIbIIEHHS WUBHI-
KOCTI i TIlepexoy pexuMy Tedii B TypOymeHTHHH.

VY 38’A3Ky 3 Maiol TOBIUMHOK NPHCTIHHOrO NMpOMApKy BUMIpATH i
eKCIEPAMEHTANILHO He BJAEThCA, MPOTE AHATITHYHHUMH JOCITIKCHHAMH
BCTAHOBIEHO, 110 BOHA 3aJEXUTh BiJl p&KUMY TeUii MOTOKY, hopMHu Tina i
CTaHy NOBEPXHI, Y3N0BK AKOT PYXA€ThCA MOTIK, 8 TAKOXK JOBXHHH JIISHKH
HabiraHHs MOTOKY.

Hanpuknaz, Ansd JaMiHApHOTO PEXHMMY Tedil MOTOKY PIAMHH Y3HOBK

NNoCcKol muacTuHn §=5.83L, /Re 0.3 pas TypOyneHTHOrO pexuMy Teuil

8 = 0,37L /Re®? , ne L, - noBkuHa AinsHky HaOiraHHs IOTOKY.

3a MeKaMH IIPUCTIHHOTO HPOLIAPKY B HANPIMKY 10 OCi KaHaly 3Haxo-
MWTBCS 3OBHIIIHIA NMOTIK (SApO OOTOKY), Pi3Kol MeXi MiX NPHCTIHHHUM
MpOIIApPKOM 1 APOM NOTOKY He icHye., 3BUYaHHO, TOBIIMHY MPUCTIHHOTO
NaMiHApHOrO MPOLIAPKY BH3HAYAIOTh YMOBHO, BHXOASYH 3 MPUITYUIEHHS,
Mo Ha HOro 30BHIMIHIA TPaHHUIN, 3BEPHEHOI O SApa MOTOKY, MIBHIKICTH
cknagae 99% Bix cepeqHbOI MIBUAKOCTI MOTOKY.

3.3 Pisuauusa pyxy pinunn (Has’e¢ — Ctokea)
(pizHyHe 3HAYEHHH CKJIAJOBUX PIBHAHHSA

HaitBaxxauBilIiM PIBHSAHHSIM, L0 OIUCYE KJac IiIpoaHHAMIYHOTO pyXy
p’si3Ko0] pimuuu, € pisuaHns Has’e — Croxca.

BuainHMO B OJHOBMMIPDHOMY IOTOLI HECTHCIMBOI B’A3KOI PIAMHM, MO
pyxacTbCs, eleMeHTapHAH 06’eM (mapaneneminen) i3 rpansamu dx, dy, dz
(mvB. puc. 3.2), A0 BIAKMHYTMX Mac PiiMHH 3aMiHHMO BIITIOBIAHUMU

CHITaMHu.
Z 4y
I P, Pucynox 3.2 - Jlis cuit B eleMeHTApHOMY
r 00’eMi ONHOBHUMIpHOro mOTOKY B’A3K0i
1 *
: Ty pianau
A
arg V¥ Wx
e > Ha Bupinenuii eneMeHT Jif0TH Taki
Y ' Gbisuani cumm:
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1 Macosi (rpaBiTauifiHi) cHiIu
dG, =dV-p.-g=. (3.13)
2 Cuna THCKY B HampsMKy pyXy eJleMeHTa cepe/IOBHILA

apx apx
dR =Pi— Py = P-dy-dz— (B + —% - dx)dy-dz=——2-dV. (3.14)

X
3 Cunu BHYTPIIUHBOTO (B’A3KICTHOTO) TEpPTS B IOTOLI.
Binnosijano 1o 3akoHy HeioTOHa cHAM BHYTPIMIHBOrO (B’A3KiCTHOTO)
TEpTS MDK TIpPOLIApKaMH PiHHH, L0 PYXa€ThCs, MPONOPUiAHI rpamieHTy
wBuaxocti (dw,/dz) i IOl KOHTAaKTIB MpolIapKiB:

Wy | dx-dy, (3.15)
y

F,=p
B
dz

e U - KoediIieHT IHHaMi9HOT B SI3KOCTI PIJIMHH,

s eneMenTa 06’eMy DiAMHH, LIO PYXa€TbCs, NPHPICT CHJIM BHYTPIll-
HBOTO TEPTs BNPOJOBK OPAMHATH Z CKJIAJAE
JF dF

Zdz) dx-dy = —%
0z oz

[licna audepenuitoBadHs piBHAHHA (3.15) oTpUMaHa pe3ylbTYIO4a CHII
B’A3KICTHOTO TEPTA

dF, = — Fp, - dx-dy+ (Fg, + -dV -

87w
822
BianoBigHo 10 APYroro 3aKOHY MEXaHIKHM CyMa IIPOEKLI BEKTOPIB CHII,
O AiOTb HA €JEMEHT PIAWHM, KA PYXa€TbCs, NOBMHHA JOPIBHIOBAaTH
JIOOYTKY MacH piJIiHA Ha i IPUCKOpPEHHS, TOOTO

dFy = p Xdv. (3.16)

2
oP 0
- —X .dV+p X .dv , (3.17)
ox Bz
a TMicys COpoIUEHb OTPHMAHO PiBHAHHS
aP  %w, dw
—— + D- = . 3.18
ox THTS T TREsPTy (3.18)

Ocranns ckianosa piBHsHHA (3.18) BpaxoBye BIUIMB iHepuiHHOI cHIH
IIOTOKY B HANPSMKY OCl X, IpU LbOMY NOBHA MOXiJAHA IIBUAKOCTi B Yaci
(dw,/dt) Moxe OyTH mojaHa y BHIJISI CYMH JIOKIbHOT | KOHBEKTHBHOL
CKJTAJIOBMX 3MiHH ILIBHAKOCTI PyXYy IMOTOKY B HANpAMKY 3a3HA4€HOI OCi:

Owy N Owy
ot ox

3 ypaxyBanHsaMm (3.19) 3anuuieMo piBHAHHA OJHOBHUMIPHOIO pyXy
B’si3k0i pisnau (3.18) B ocTraToOuHOMY BUINIS/I |
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oP % w ow ow
S YT pg=p C X p T 3.20
PORE B T (3.20)

&) 2 3) “ (%)

Otpumane audepeHuialbHe PIBHAHHS PYXY B’43KOT PIAMHH OTPHUMAlO
ga3By piBHauHs Hap’e - CTokca, npuuoMy B HbOMY ckiafoa (1) BpaxoBye
BIUIMB CHJ THCKY B MOTOLli, CKJIafioBa (2) — BIUTMB CHJT B’S3KICTHOTO TEpTS,
cxnanoBa (3) BpaxoBye BIUIUB MacOBHMX (TpaBiTallifiHUX) CUJ1, cknajgosa (4)
— HAABHICTH IHEPIIHHUX JIOKAJIBHUX CHJI Y HECTAIOMY NOTOLI, CKIazioRa (5)
BPAXOBY€E A0 CHJT iHEPLHHHUX KOHBEKTHBHHUX Y TIOTOLII.

AnajniTHyHe BUpilleHHs (IHTerpyBaHHs) piBHAHHA Har’e - Crokca nnd
yMOB poOOTH XiMi4HOI amapaTypH B 3aralbHOMY BHIJISIi HEMOJKIIHBE, aje
e MOXHa 3pOOHTH B OKPEMHMX BHMIMAAKaX 3 IPHITYHIEHB, 110 CIPOLULYIOTh
piBHAHHSA (HANpPHKJIAJ, YIS CTAUIOHAPHOTO JaMIHAPHOrO PyXy iaeanbHOI
piHHM), a60 NP NEPETBOPEHHAX PIBHAHHSA METOAAMH TeOPii MoAIbHOCTI.

3.4 ExeprerHunuii 6agaHc noToKy 14 peajJbHol pinunn
(piBusinna bepuysui)

Topane nudepenuiansie pisusuus Har'e — Croxea (3.20) epaxorye
BIUTHB JIIOYHMX CHII i IO CYTi € PIBHAHHAM €HEPreTHYHOro OaJaHCy MOTOKY
B’A3KOI PiOWHH, IO pyXaeThes. Ilpy BH3HAUEHHX NPUIYILEHHAX Le PiB-
HSHHS 3BOOMTLCS 0 3pY4HHHX PO3PaXyHKOBHX 3aJeXHOCTEH.

3okpema, AJsl CTANOTO NMepeMillieHHs ineanbHOI DIIMHH Y HANPSAMKY
oci opauHaT, piBHAHHA HaB’e — CTOKca BpaxoBYE BILUIHB TiJIbKH TPhOX CHII
1 3amMCy€ThCA Y BUTTISIL

oP ow
————— - ). =D W— , 3.21
5y PETP W (3.21)
[Mepenumemo piBHAHAA (3.21), Maroun Ha yBasi, 110 NpaBy YaCTHHY
HOTO MO>KHA N0JaTH y BUTTIAAIL

w-OW 8(w2)

2z " 20z °
IPH LEOMY OTPUMAEMO
2
oP o(w*)
———p g~ =0. 3.22
5, P EP (3.22)
HMomHOKHMO yci ckiafoBi piBHsAHHS (3.22) Ha BigHOLIEHHS _8_2 , a
pg
Takox MogaMo HOro y TakoMy BHIUIAI:
2
ozrap+la ¥ (oo, (3.23)
Pg g | 2

Fr—
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a 3aMiHUBILK cyMy AudepeHuianiB qudepeHIianoM cyMH, OTPHMAEMO
2

a2+ ¥y, (3.24)
pg 28
[licasa irerpyBanHs piBHAHAA (3.24) MaeMo
2
Z+ P + Y - Const . (3.25)
pg 22

Sanexuicts (3.25) Ha3zuBarOTh PIBHAHHAM bepHyIm g igeansHoOl
pinuHd. PaKTHYHO BOHO € PIBHAHHAM €HEPTreTHYHOTO OanaHCy HOTOKY i
BCTAHOBJIKOE 3B’SI30K MIXK MOTEHLIHHOK 1 KIHETHYHOK €HEPri€l0 B MOTOLI
ileanbHol PIAMHY, IO PYXa€eTbCH, HPH LUBOMY CyMa MOTEHLINHMX eHepriit
FEOMETPHUYHOIO MOJOKEHHS 1 THCKY, & TAKOXK KiIHETHYHOT €Heprii MOoTOKy €
CTANOK BeJUYnHOW. OTIKE, CHEPTis B pyXOMOMY FOTOUI iAeanbHol piguHN
He BTPavaeThed, a TUIBKH MOXe NEPEXOIUTH 3 OAHOI0 BUIY B IHINHI.

Tak, Ui JBOX PI3HHX TmepepiziB TpyGonpoBomy Ha Pi3HUX PiBHAX
MOKHA 3aIIMCaTH

2 2
P
S B W~ B B (3.26)
pg  2g pg  2g

e Zzj, Z; — BUCOTA PO3MILIEHHS oci TpyOonpoBoay (TeOMETpUYHMIA Hartip)
y BIUTOBIIHUX nepepizaX' Py, P2 - THCK y BiINOBiAHUX Tepepizax; (P]/pg)
(P2/pg) - craTnyumit Hamp y BI,HHOBIIIHI/IX nepep13ax Wi, W - IIBHAKICTb
NOTOKY B nepepizax; (w,%/2g), (W,°/2g) - MBHAKICHUH HAMIP Y BiAMOBIAHMX
nepepizax.

30iNbIIEHHS MBUAKOCTI PyXY NOTOKY Y SKOMYCE HOTO Tiepepizi — 30ib-
LIeHHs KIHETHYHO! eHepril ~ HeOAMIHHO CYMpPOBOKYETHCS 3MEHLIEHHAM
CYMH T€OMETPHYHOIO I CTATHYHOTO HAMOPIB Y I[bOMY Mepepisi, TOOTO 3HH-
KEHHSM MOTEHINMHO1 eHepril IOTOKY.

MMpyu nepeMiuieHH] peaNsHUX B S3KUX CEPEeIOBHIL BHHHUKAIOTH CHIIA
BHYTPILIHLOIO TEPTA NMPOLIAPKIB 1 CHUAM TepTA MOTOKY PiAMHM 00 CTIHKH
o0MexyIouMX TOTIK KaHaly, BHAacligoK uyoro Ha AiNAHII TpybGomposony
MaloTh MiClLie BTpaTH eHepril (Hanopy), pu usOMY s JIBOX PI3HHX Iepe-
pisiB TpyOOMPOBOLY MOXHA TAaKOK 3alHCAaTH y BIAMOBIAHOMY BHIAAKy
piBHsHHS BepHYy I

2 2
zl+i+-vi—1——zz+l)—2+&+hn, (3.27)
pg 28 pg 2
ne h, —3aranbHi BTpaTH Haropy Ha TEpTA B MOTOLI peabHOl PIAMHHE.
BrpaTtu eHeprii Ha TepTs B TOTOLl peajbHOl PIAMHU 3anekaTh Bif

KOPCTKOCTI [OBEPXHI CTIHOK TPyOOIpOBOAY, BiJl BEJHYHHH LUBHOKICHOTO
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HAMOPY, T€OMETPHUHUX XaPaKTEPUCTHK KaHAIlY, Y IKOMY PyXa€Tbes IOTIK
p’A3KOl PiMHH, BiJ B’A3KOCTI caMoi pIAMHH Ta Bijl HasBHOCTI Ha Tpy6o-
[IpOBO/li 3BYKEHb, IOBOPOTIB 1 PEryIoi040i apMaTypH.

3.5 Onmip Tepta B TpyGonpoBoaax i amaparax

JUtst po3paxyHKy BUTpaT €Heprii Ha MepeMillleHHsl CEPeIoBUILA B TPY-
GOIpOBOAAX i anaparax HEOOXIZHO MaTH PO3PAXyHKOBY CXEMY YCTaHOBKH
3 JOKIAJHHMH XapakTepUCTHKAMM amaparis, TpyOGomposomis, 3amipHoi i
peryioiod0l apMaTypH, AUHOK PO3UIMPEHHA i 3BYKCHHS. TloBHi BTpaTH
Hanopy BH3HAYAIOTECH CYMAPHUMH BTPaTaMH €Heprii Ha NOJ0NIaHHA TepTA
i BTpaTaMH Ha MOJAOIaHHA MICLEBHX OIOPIB.

MiclieBi onopu BUHUKAIOTH NpH OyAb-SKHX 3MiHAX LIBHAKOCTI HOTOKY
3a BEJIHYHHOIO 1 32 HaNpPSIMKOM i BPaXxoOBYIOTb HAasBHICTb 3aripHHX 1 pery-
JIOKOYUX TPHCTPOIB, MPHUNANiB, [TOBOPOTIB, PAITOBHX 3BYXKEHB 1 pO3LIH-
peHb IIOTOKY, XaPaKTepy 1 KOHCTPYKTHBHHMX OCOONMBOCTEH BHYTPIIIHIX
NPUCTPOiB, L0 BANIMBAIOTE HA IBUJIKICTE 1 PEXHM Tedil MOTOKY.

Meroauka po3paxyHKy MiCUEBHX Ta MOBHHX OMHOPIB TpyOOmpoBOAiB
BHKJIAJacThCs B cnienkypel “Tinpasaixa i ripaBiiyii MamruHu”,

Onip Tepts npu Tedii MOTOKY B’A3KOT PIIMHM B KaHajaX CKIagHol ¢op-
MH i npAMUX TpyOOoNpoBoAax y 3aragbHOMY BUNAZIKY BU3HAYAKOTE, BUKOPH-
CTOBYIOYH PiBHAHHS

| 2
Ap=)-L.B% (3.28)

d, 2

ne A — koedillieHT onopy (TepTa), 10 3aNEKHTh Bijl peXUMY Tedil MOTOKY,
JuIs TaMinapHoro pexumy Tedii (Re<2300) A=64/Re; mis TypOyneHTHOTO
pexumy Teuii (4000<Re<10) A=0,316/Re>>; I, — noBxuHa ainsHKY TPY-
Gonposony (amapara); d,— ckBiBajeHTHHH JlaMeTp KaHAIy; W — CepelHs
WBHAKICTH Teuil MTOTOKY CepeIOBMIIA B KaHAI.

Onip teptss B TpyOHOMY IIpocTopi 0araToxoJOBHX TEmIO0OMiHHHKIB
PO3paxoBYIOTh 3 YpaxXyBaHHAM KiIbKOCTI TPYO B OJHOMY XOAI 1 KilIbKOCTI
XOmiB:

2
w .
ap, =TT [2 12 452405 |, (3.29)
2 dg
le A — xoedilieHT TepTs cepenosuina B TpyOkax; | — gomxkuHa TpyGOK;
d, — BHyTpilWHiK niameTp TpyO; W, — WIBMAKICTH CEpeNOBHINA B TPYOax;
Z — KUIBbKICTh XOJIiB B TPyOHOMY IipocTopi.
Omip TepTs cepenoBHLIa B MDKTpyGHOMY NPOCTOPI KOKYXOTpYOHOrO
TermI00OMiHHHKA 13 CETMEHTHUMH ITeperopoaKaMi OPIBHIOC
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Wiy | 3m(x+1)
2 Re)?
Jle M — KiTBKICTh psijtiB TpyO y MIXTpYOHOMY HPOCTOPI; X — KiNbKIiCTh cer-
MEHTHHX HEPEropoioK; Wy, — LIBHAKICTb Tedil MOTOKY CepefoBHINA B
caMoOMY BY3BKOMY niepepisi MixkrpyOHOro mpocropy; Re,, — ducno Peii-

HOJBJCA IS CepelOBUILIA Y MIXKTPYOHOMY ITPOCTOPI.

Ha ocnoBi BHyTpinmbol 3ajaul rifpoavHAMIKK nepeMillieHHs cepeno-
BHIIIA YCepelHHi KaHaliB, YTBOPEHHX MYCTOTAMH MK eJIeMCHTAMH, AKi
3a[0BHIOIOTE XIMiuHi anlapaTtH, rigpaBIidHU oNip TEPTA B MPOLIAPKY CyXOi
Hacagky abo B 3¢pHUCTOMY NPOLIAPKY BU3HAYAEThCA 3a 3aEKHICTIO
' 2

Apc = XH S Lo (3.3D)

4¢> 2

e O — NUTOMA IOBEPXHS HACAAKH ab0 3EPHUCTHX YACTHHOK, MY/M’;
H — BHcoTa Hacagku abo 3epHUCTOrO NMPOILAPKY; € — BiIBHHH 06’eM Haca-
Ky a0o Nopi3HICTL 3epHUCTOrO IWapy; W, — QikTHBHA (BijiHECeHa 10 Bilb-
HOro nepepisy) HIBUAKICTh ITIOTOKY CEpelOBHMINA; A — Koe(illieHT Teprd,
O 3aMeXUTh Bifl TUITY Hacagku i 3acoly ii 3aBaHTaxKeHHsA, A KilTeus
Pawnra, 3aBantaxenux HaadoM mpu Re<40 A=140/Re, npu Re>40
A=16/Re™? .

Ap,, = +1,5x+3 ]| , (3.30)

Konmponeni sanumaniin

1 3anuwime ghoprayny Ons 6USHAYEHHS MUCKY CMOBNA Pidunu na pieni Ona anapama.
2 3anuwime opmyny OA8 po3paxyuxy cunuy, wo 0ie Ha Onuye yuriHOPUYHO20 anapama,
3aNOGHEHO20 PIOUN0I0.
3 3anuwimo pignsanns 00 €MHOL | Macosol sumpamu piouny, o pyxXacmoca 8 yuninopu-
yHoMy anapami.
4 3uaitdime maxcumansHuil | MiniMansnuil diamempu mpybonposody 08 RPONYCKAHHS
wepes Hbo2o NOMOKY 600u | no6imps 3 sumpamoio 0,032 m*/c.
5 3amawime pisnanis 018 6UIHAYEHHS eXBIBATEHMHO20 diamempa Kilbyes020 nepepizy
060x KoaxciansHux mpyo.
6 3anuuims piensinis HEPO3PUGILOCINT NOMOKY, 1O BOHO O3HGHAE?
7 3amuuwims gopmyny 0na susHaueHHA diamenpa anapama.
8 3anuwime piensnns Hae'e — Cmokca | nasgimoe @izuunuii smicm tiozo cxnadosux.
Bid axux cun npu mevit ¢ nomoyi 3anedcums ivepyitina cuna?
9 Haszsime xkpumuuni yucna Petinonsoca 015 pisHux pexcumis meuii,
10 3anuwime piguanna ORA POIPAXYRKY ONOPY MEPMS. npy meyil nomoky 600u 6 mpy6o-
HPOBOOI.
11 Bamauime snauennst xoeiyicnmie mepma 0as Aaminapuozo | mypByrenmnozo
pexcumic meyii pidunu ¢ mpy6onpoeodi.
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PO34IN 4

MOZLEITFOBAHHS1 NPOLIECIB | ATIAPATIB,
OCHOBU TEOPII NOAIBHOCTI

Y yvomy posdini ...

*

Ipo ¢izuure i MamemamuuHe MO0 0BAHHSL.
IIo moxcHa pobumu 3a 0onomozoro meopii
nodibHocmi?

Sk sadamu ymosu nodibHocmi pisuuHuUx 1euUUL?
II{o exodumbsb 00 Yymog 00HO3HAUHOCMI?

SR seuwa Hasusaroms nodibHuMu?

ITpo ocHogHi, MoOugpikogaHi ma NOXIOHI KpumMmepii
210poduUHAMIUHOT nOdibHOCTMI.

Haeiwio 8oHU — KpUmMepiaabHi PiBHAHHSL?P

¢ S odeprxamu KpumepiaibHi piI@HAHHA?

* & & L 4

>

4.1 MogearoBaHHA AK MeTO A0CTiAKeHHA
npouecis i amaparis

BHacniJ0K CKIaJHOTO XapakTepy B3a€MOJil MOTOKIB Y TEeXHOJNOTiUHHX
npoiecax MaTeMaTHYHe OMMCYBAaHHA X yTpyAHEHe ab0o BHKOHYETHCS y
BUITIAi CUCTEMH CKIaaHUX AudepeHIianbHuX 1 GYHKIIIOHANEHUX PiBHSAHB,
MO, AK MPaBUIIO, JHIe MpUOIU3HO BiAOMBAIOTH 3aKOHOMIPHOCTI NIPOXO-
IDKEHHS [UX TIponeciB. A y 0arathoxX BHMAAKaX NMPOXOMKEHHSA CKIAIHMX
TIpoLIeCiB HEMOXKITHBO HABiTh MaTEMAaTHMYHO ONMCATH Ipouec. ToMy OCHOB-
HUMM METOJAMU Mi3HAHHS 3aKOHIB NIPHPOJIU | 3aKOHOMIpHOCTEH MpOoXo.-
KEHHS CKIanHUX (i3MKO-XiIMIYHMX NPONECIB € EKCIIEpUMEHTANbHI Ta aHa-
JiTnyni pocnijpxenns. Taxi MeToan JoCHipkeHHS J03BOJSIOTH HA MAaJIMX
MOACIAX TA Y MaNoMy Macitadi IpH MOPIBHAHO HEBEIHKHX MaTepialbHUX
BUTparax BHBYHTH OCHOBHI (PaKTOpH, IO BIUIMBAIOTH HAa XiA MpoOLECy,
OJepKaTH KIHETHYHI 3aJie)XKHOCTI Ui MaTeMaTHYHOro OMMHCY TPOLECY, a
NOTIM BHKOPHCTOBYBAaTH OTPHUMAaHI 3aJE€XKHOCTI AJs PO3paxyHKiB LUBMA-
KocTi nporiecy i rabapuTHUX PO3MIPiB MPOMHUCIOBOT araparypH.

ITpore Takmit Ge3nocepeHii NUILX BUKOPHUCTAHHA €KCIIEPUMEHTANBHUX
Pe3ynpTaTiB 6€3 3aCTOCYBaHHS 3aKOHIB MaciiTabHOTO Mepexo/ly HE peants-
HH# i yacTO MPU3BOAUTE 10 6AraThOX MOMMJIOK i 3HAYHHX BHTpAT.

IlepeHeceHHs pe3ysibTaTiB AOCHIKEHb, OTPUMAHHX Ha MOJEIBHUX
00’exrax, B yMOBH POGOTH MPOMHCIOBHX aNaparis NOBMHHO MPOBOAUTHCH
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3 ypaxyBaHHSM 3MIH BJaCTHBOCTEeH poOOUMX CepelOBMII, a TAKOXK BILUTUBY
MaciiTadiB HATYPHHX 00 €XTIB Ha XapakTep B3acMOii MOTOKIB.

Haibinbln miifHiMy B JaHHH 4ac € METOIH HAYKOBOIO IMi3HAHHS, 110
BHKOPUCTOBYIOTH T€OPit0 MOAIGHOCTI i MOAEMIOBAHHS B CIIOJIYYEHHI 3 eKC-
NepHMEHTAILHUMH Ta aHAJTITHYHHMH AOCTIIUKSHHAMU.

Teopist Mone/l0BaHHA 1O3BOJISIE HAa Malill MoAeni BUBYMTH CKNaIHI
SBHLIA, OJICPKATH OCHOBHI Pe3yNbTaTH, y3aranbHUTH, MEepeHecTH i TOLH-
PUTH iX Ha BeNHKOMAaciuTaOHi HAaTYpHI 00’€KTH. 3aKOHOMIPHOCTI MozeIo-
BaHHA 6a3yoThes Ha (i3UYHOMY I MATEMAaTHYHOMY MOJIETIOBAHHI.

@®izuyne MOJCNIOBAaHHA Mac Ha METi CTBOPeHHS (i3UYHOT Mozeni
npouecy Ha MopenbHomy o0’ekTi (amapati), B SKOMY MOXHA CTBOPHTH
YMOBH Ta iMIiTYBaTH Nporecy, oAibHI IO THX, WO NIPOXONATh Y HATYPHUX
(npomuciioBux) o6’ckrax 1 amaparax. Ha rtakiit maniit ¢izuuniii Mozmeni
TPOBOJATLCS CKCIIEPHMEHTANBH] HOCTIUKCHHS, 110 KO3BOJIAIOTH PO3KPUTH
(i3HuHy NpUpOAY OCHOBHOI'O IIPOLECY 1 3°5CYBATU BIJIHB OCHOBHUX (i3H-
KO-XiMiYHUX (AKTOPIB, a TAKOK BH3HAUAIOTh 3aKOHOMIPHOCTI Mpoiecy.

HakomnpueHi B eKCIIEpPUMEHTI JaHi OMNPAalbOBYIOTHCS 32 JOMOMOTOIO
CYY4CHHX MATEMATHUHUX METOJIB, IIPH LBOMY OAEPKYIOTh QYHKUIOHABHI
3a7MeKHOCTI a0 CHUCTEMH PIBHAHB, L0 MOKYTH OYTH BHKOPHUCTAH] JUIA PO3-
paxyHKiB mapaMmeTpiB mpoliecy abo po3Mipis anapara.

MaTtemaTH4yHe MOJEIIOBaHHS 0a3yeTbCs Ha JIOCTIKEHH] 3aKOHOMI-
pHOCTEH Npolecy 3a JONOMOTOK CKIAAAHHS i PO3B’sI3aHHA CHCTEMH MaTe-
MATHYHHX 3aJ€KHOCTEH, 10 ONUCYIOTh [IpoTec y Beill Horo pisHOMAaHITHO-
cTi. MeTolo MareMaTHYHOrO MOJENIOBAHHA B KIHLIEBOMY TIACYMKY €
3’5ICOBYBaHHs BILIMBY Pi3HOMaHITHHX (akropiB i mapaMerpiB Ipouecy Ha
UIBHIKICTb HOT0 MPOXOMKEHHS, 8 TAKOX BH3HAYEHHI ONTHUMATILHHUX YMOB
IpOBe/IeHHS TPOLECY.

MareMaTuyHE MOJICTIOBAHHA Mac€ Taki eTanu:

a) CKIaJaHHA T4 YNOPAIKYBaHHA CHCTEMU PIBHSAHB;

6) po3poGneHHs MeToiB 1 CIOCO6iB PO3B’A3aHHA CHCTEMH IIOA0 HIIBO-
BOI QyHKUIT,

B) YCTaHOBJICHHS BiAMOBIAHOCTI (aHCKBaTHOCTl) po3pobneHoi MaTeMa-
THYHOT Mogmeni (aKkTMYHUM NAHUM i MapaMeTpaM, LIO XapaKkTepH3yITh
npouec. JocniIkeHHA Ta aHANi3 MaTeMaTHYHO! MOJAENI 3 BUKOPUCTAHHIM
EOM, kopuryBaHHs napaMeTpiB PiBHAHb MOAENI HA OCHOBI HaHWX (i3uy-
HOTO MOJICTIOBaHHS, NepeBipKa BiIMOBIAHOCTI MOAENI peansHOMy 06’ €KTY
i BHECEHHA 10 Hel HeoOXiAHMX KOPEKTHB JO3BOJISIOTH 3HAYHO CKOPOTUTH
4yac Ha JOC/iIKEHHS Mpolecy, Ha HOro po3paxyHoK i Ha WBHAKY peaiza-
{10 B IPOMHUCIIOBOCTI,

Teopio mnoaiGHocTi BHKOPHCTOBYIOTDH 3a TEOPETUYHY Oa3y ¢izny-
HOT'0 MOJICTIOBAHHS.
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@izuuHe i MaTeMaTHIHE MOJICTIOBAHHS 3BOAATRCH JI0 OJHIET MeTH:

a) 10 CTBOPEHHS METOJIy TEOPETUYHOIO Ta eKCIIEPUMEHTAIBHOTO JIOCITi-

eHHs CKTaJTHUX TIPOLIeciB;

6) [0 po3polieHHs METOIIB PO3PaxyHKY i CTBOPEHHS MPOTPECHBHOI
anapatypH.

TinbKM €AHICTE IMX METOMIB J03BOJAC JOMOITHCA HaHOIIBIIOrO yemixy
[py BUBYCHHI | BIPOBa/KECHHI y BUPOOHULITBO HOBHX ITPOLIECIE 1 amapaTis.

MonentoBaHHs K HAyKOBHI METOJ JEKHUTh B OCHOBI KIOCPHETHKH —
HayKH IIPO KEPYBaHHA CKIAAHUMM [IPOLECAMH B ONITUMATBEHOMY PEXHUMI.

4.2 YmoBn nopidonocTi (isMYHNX ABHUIU, YMOBH OJHO3IHAYHOCTI

[MepeHeceHHs pe3yNbTaTIB NMOCHIKEHb, OTPUMAHHMX HA MOJENBHHX
00’€KTax BIIHOCHO peaibHOro (HAaTYpHOIrO) MPOMUCIOBOTO arapara,
noTpiGHO TNPOBOAUTH 3 YpaxXyBaHHAM BOJIUBY MacmITabiB HATypHMX
06’€xTiB 1 BiIXUneHb v Bi3UKO-XIMIYHUX BIACTUBOCTAX POOOUYHX cepeno-
BHII. 3BiACH BHHHKJIA HEOOXIAHICTh (hi3HYHOTO MOJAENIOBAHHS TPOLECIB i
anapariB Ha OCHOBI Teopil nmogiGHoCTI.

Teopisd momiOHOCTI AK METOJ HAYKOBOTO JIOCHI/KEHHS 1 y3arajbHeHHs
eKCTIEPUMEHTAILHUX PEe3YJIbTaTiB 103BOJIAE:

a) BHIIYKATH YMOBH TPOREJCHHS eKCIIEPHMEHTANEHUX POOIT, NpH AKKX
KilBKIiCTb qociis Oyae MiHIMaIbHHM,;

6) BU3HAYUTH HalMEHIIY KiNbKicTh (QI3HIHUX BENMUHH, IO BIJIUBAIOTEH
Ha IIPOLEC, € BU3HAYAJIRHHAMH 1 iX HeOOX1HO BHMIPIOBATH B JOC/IIAX;

B) NpPaBUJLHO OINPALIOBATH PE3YNbTATH AOCTiMiB, Y3arajJbHUTH IX |
OZIep’KaTH 3aJIEKHOCTI /TS OTTMCYBaHHS KiHETHKH CKIIATHOTO MpoIecy;

r) BU3HauuTH 00/1acTi, Ha AKi MO)KHA NOLUMPUTH PE3YNbTaTH MPOBE-
JEHUX JOCIHiJKEHb.

Taxum anHOM, Teopito MoAIGHOCTI BAPTO PO3MIIALAATH AK METOX HAYKO-
BOro OCTIIKEHHsA NpOIECiB I NMPOeKTyBaHHS NPOMHC/IOBMX anapartis 3a
pe3ynbTaTaMH €KCHEPUMEHTAILHHX AOC/IIIPKEHD 1 MOJETIOBAHHS.

Ha cyuacHomy ertani Oarato 3ajad TiIPORWHAMIKH, TEMIO— i Maco-
0OMiHY MOXHA PO3B’A3yBATH, KOPUCTYIOYHCH METOIaMH TEOPii MoaiGHOCTI.

BinblicTh MpoueciB, WO MPOTIKATL Y NPHPOi, Moxe OYyTH onucaHa
CHCTEMOIO MaTeMaTHYHUX a0o nudiepeHianbHuX piBHAHb. SK IpaBuUio, 1
PIBHSHHSA BifHOCATb 10 OAHOTHIIHHX, ¢i3HN4HO OOHOPIAHHUX ABUII i Xapak-
TePU3YIOTHCS OJHAKOBUM MEXAHI3ZMOM 3IHCHEHHs npotiecy.

Taki npouecn i sBumIa, 0 Gi3UYHO OAHOPIAHI T4 ONUCYIOTBCA OAHAKO-
BUMH piBHSHHAMH 260 CHCTeMaMH PiBHSAHB, BIJHOCATH [0 BH3HAYEHOIO
Klacy ¢i3nyHO OZHOPINHUX ABHLI.

Hanpuknan, apyruii 3akon HeloToHa OIHCYE pyX MatepialbHuX T mij
RI€I0 TOCTilHO MPHUKMAAeHol O HUX CWIM i TAKMM 4MHOM HAIEXHTH [0
€AMHOrO KNtacy ABULY MEXAHIYHOrO PyXy MATEpialbHuX TiJ, IPH LHbOMY

——
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Fema=m3Y . 4.1)
dt

Sk OyJ10 nmoKa3aHO paHimle, HeCTATHH PyX B’S3KOI PIAMHH OMHCYETHCS
JHpepeHniansHuM piBHsSHHAM Hap’e — CTOKCa Ta 0XOILiloe Kjlac SBHLI
Tedii MOTOKIB B’3KOTO CEPEJOBHILA.

3 Knacy BenH4Ye3HOT KUIBKOCTI (Di3UYHO OJHODPIAHHMX SABHIL, IO ONKUCY-
IOTHCSA PIBHAHHAMM, MOXKHA BHUAUTUTH KOHKDETHe OJMHHYHE SIBHIIE,
0XapaKTepU3yBaBUIW HOTO TOKIaJHHMHU NapaMeTpamu (YMOBaMH).

VMOBH, L0 A03BOJSIOTE BHUTHTH 3 KJIACY ABHIL KOHKPETHE OJIHHHYHE
SBHLIC, HA3HBAIOTECY YMOBaMM OJHO3HayHoCTi, abo yMoBaMH
OJTMHUYIHOCTI.

Jlo yMOB OIHO3HAYHOCTI BXOJATH TaKi MApaMETPU CHCTEMH:

1) reoMeTpryHi po3MipH 1 hopmy 00’ €KTa, B IKOMY NPOXOAUTH TIPOLIEC;

2) ¢iznuHi i pizuko-XiMiuHI MapaMeTPH, L0 XapaKTEPU3YIOTh ABHIIE;

3) rpaHAYH]I YMOBH, [0 XdpPAKTEPU3YIOTh B3a€MOJIiI0 IOTOKY Ha TPaHH-
15X 00’€KTa, y IKOMY IIPOXOJUTH POLEC;

4) MoYaTKoBI YMOBH, TOOTO CTaH CHCTEMH B MOMEHT 3aIlOYaTKyBaHHS
BHBUEHHS TIPOLECY;

5) yacoBi yMOBH, IO XapaKTEPH3YIOTh PO3BUTOK MPOLIECY B 4aci.

YMOBH OJJHO3HAYHOCTI 33/al0ThCsl YHCJIOBUMU 3HAUEHHAMH yCiX Hesa-
MEXHUX 3MIHHUX BEIHYHH, IO BXOIATh Y CHCTeMy piBHSAHb i ONMCYIOTH
IIPOIIEC B YCilt HOTO pi3HOMAHITHOCTI.

Qi3UYHO OAHOPIAHI ONUHHMYHI SBHUIA T4 00 €KTH MOXYTh OyTH
00’€HAaHI B rpymy SBHLI, KIUO BOHU IPOXOIATh NMOAIOHMMYU cnoco0amMH 1
Ha HMX MOXKHA MOILIMPHTH BHCHOBKH OJMHUYHOIO eKCITEPUMEHTY, THM Ca-
MHM KJac ABHIL MOke OyTH pPO3JICHHI Ha OKPEMi TpyTiH.

Tak, HarpaBJIeHWH TPHMYCOBUH PYyX B’S3KOI PiuHu B TpyOONpoBOIax i
KaHaax CKIaaHOro mpodinio BiTHOCATH A0 OAHIET rpymH Qi3HYHHMX SBHLI,
a caMe JI0 TIpUMYCOBOTO PYXy pilkoro cepenosmma. Y TOH camuid wac
nepeMillleHHs Mac piinHi B HeoOMexeHoMy npoctopi abo 06’ emi, 06yMoB-
JAeHUH PISHUUEO T'yCTHH B3aEMORIOYHX (a3, BIAHOCATH A0 (HIIOT IPYITH
SBHIL, & CAME JI0 ABMLI 3 BITbHUM (IIPUPOIHHM) PyXOM, Xoua 0OHIBI rpynu
BiIHOCATb OO €AHMHOTO Kjacy Qi3U4HHX SBHMLL PyXy piAHHH 3 OJHAKOBUM
MEXaHI3MOM BIINUBY Pi3sHHX (Qi3UYHUX CHIL.

Bianosigno 5o ofHiel 3 OCHOBHUX TE€OPEM NOAIGHOCTI — HACTIOK Iep-
moi TeopeMH — MOAIGHMMH Ha3UBAIOTLCA SIBUINA | CHCTEMH, 1O BiHO-
CSTh IO OJHOTO KJacy SBHIL, OIMCYIOTHCS OJHAKOBHMHM MAaTEMaTHYHHMH
PiBHAHHAMM 1 MalOTh MOAIGH] YMOBU OXHO3HAYHOCTI.

MoaibHicTs YMOB OAHO3HAYHOCTI 331a€ETHCS KOHCTAHTAMU MOIGHOCTI —
BIJHOLIEHHAM OJIHOMMEHHHX I€OMETPHYHHUX 1 QI3MYHUX BEJIMUUH Y HATYD-
HOMY i MOAENEHOMY 00’ €KTax y BiOBIAHUX iM TouKax.
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Po3r/IsHEMO TOAIOHI pOLIecH, 1o NPOXOIATh Y MOACIEHOMY i Hatyp-
poMy 00’€KTax, Ha npmcna;:u HpOUECY TEPEMIlllyBaHHs IBOX Pi3HOMAaHIT-
HUX PIAMH Y MEXaHIYHUX Millankax (nus. puc. 4.1).

P D"QDnu
<P p., Pncyﬂox 4.1 - TToxiGHicTn
+ Las npouecm nepeMinIyBaHHA B
— | narypniit (H) i mogensniit (M)
F———= T MimanKkax
— — x
X - W * - "}u =
g 1 ) n i ) : . .
2 [ \kﬂ/ E ‘ Y MonensHiil (M) - 3miBa
\ i HatypHiii (H) - cnpasa
> B MilJankax i3 BiIOMHMH Teo-
= gy b &

METPUYHHMH PO3MipaMu Hpu
4qacToTaX O0epTaHHsA ny 1 1,
BiOYBA€ETHCS nepeMimyBaHHﬂ pinuH IYCTHHOIO Py, 1Py, @ TAKOXK B’ A3KICTIO
P 1 (HJIEKCH “M” 1 “H” HaJEXKATh 10 MOJEII i HATYPH BiINOBIHO).

Teomerpuyna nomﬁmab anaparip (00’€xTiB) 3312€THCS BIJHOUIEH-
HAM BiJNOBIAHUX reOMETPUYHHX BEIMYHH Ta PO3MipiB 00’€KTIiB, B SKHX
NpOXOAATh MoAiOHI mpouecH. [N noka3aHHX amapaTiB KOHCTAHTAa FEOMET-
puuHOi NOAIOHOCTI BU3HAYAETHCA BIHOUICHHIMH

o DG Hy by by )

Dy dy Hy hy, by

YmoBu ¢iznunoi i ¢izuko-ximiunoi moaidHocTi 3anawTECH KOHCTaH-

TaMH (isnynoi i $i3HKo-XiMi4HOT NOAIGHOCTI, 10 BUPaXKAIOTh BiIHOMIEHHS
ONHOMMEHHMX BENIUYMH Y HATYPHOMY i MoLensHOMY 06’ €eKTax:

= >
’ AP, w n,

k, :p_", k, = Hy , 4.3)
pM uM
Be k, - KoHCTaHTa THUCKY; K, - KOHCTaHTa mBMIKOCTi; K, - KOHCTaHTa
4acToTH o6epTanns; Kk, - KOHCTaHTa I'yCTHHH; Kk, - KOHCTaHTa B A3KOCTI.
JAns peanbHHX IpoLeciB KOXHA 13 KOHCTAHT BHPAXAETHCS YHUCIOM, sIKe
MOXke MaTH iHIUBiAyalbHe, BIAMIHHE Bifl iHIIHX 3HAYEHHS.
ITonibnicTs rpaHUYHUX i MOYATKOBHX YMOB 3a1a€ThCS KOHCTAHTAMH
reomeTpnyHoi, (izndHol i isuko-XimMiuHOT nMomiGHOCTI Ha BiANOBIEHHX
Ipanuisx 06’€xTa Ta y MO4aTKOBOMY HOrO CTaHi.
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YacoBa nogidHicTL 3312€ThCS KOHCTAHTOO NTOAIOHOCTI

k, =—, 4.4)

e ty, ty - Mepioau (IPOMIXKKHM) Yacy IPOXODKEHHS Mpoilecy B HATYPHOMY 1
MOAETLHOMY 00’€KTax Ha BiANOBIIHMX JINAHKAX, IO MAKOThb CHIIBHMH
[I04aTOK BUATIKY.

Taxkum yHHOM, NOAIGHHMH € 00’ ¢KTH, Qi3HYHI IBHIIA | npouecH, Wo
NMPOXOJATE Y TEOMETPHUHO nonibaux 06’ekTax (HATYPHOMY 1 MOJEJIBLHO-
My), i npu UBOMY BCi TTapaMeTpH, IO ONHCYIOThb NPOLECH B 00’€KTax,
3aj1aHi BIAMOBIAHUMH KOHCTAHTAMH NOAIOHOCTI.

Bigome uHcesbHE 3HAY€HHS KOHCTaHTH HOAIOHOCTI (i3HUHOT BENTHYHHH
Ta 3HAYCHHS BEJIMMHHH {EOTO ITapaMeTpa B MOIEIbHOMY 00 €KTi 103BOJIs-
I0Th BHM3HAYUTH BEIWYWHY OJHOWMEHHOIO I1apaMeTpa B HATYyPHOMY
00’exri. Hanpurian, 1nisg Haryphoi mitamke (aus. puc. 4.1):

DH = kl.DM , HH = kl.HM Pu = kp'pM,
o kW'WM k3 !'LH = ku.“M H] tu = kl.tM .

4.3 HoaibnicTh diznyHuX npouecis, inAAKATOPH i KpATePIl
noaionocri. Teopemu nopiéuocTi

YMOBH NORIOHOCTI MOXKyTh OYTH 331aHi HE TUTBKH KOHCTaHTaMH MOJi-
Guocti, aie 1 6e3po3MipHHMH KOMIUTEKCaMK (KpUTEpisiMU) noxidnocTi, 1o
BUPQXAKOTE OKpEMi BU3HAYCHI CIIBBIIHOILICHHS MK TapaMeTpaMH, SKi
OMUCYIOTL 11POLEC,

Kputepii moaibHOCTI 3aBKAM MalOTh KOHKPETHUH QizHuHMH 3MicT, 60
BOHM 3aBXKIH € MIPOIO BiTHOIIIEHHS MK BaXIHBHMH CYTT€BHMH NapaMer-
paMH npolecy: MBHAKOCTAMH, NPHCKOPEHHSM, QI3HYHUMH CHJIAMH, TIOTO-
KaMH Tenaa I MacH, W10 pilryue BIUIMBAIOTh HA XiJ MPOLECY | BU3HAYAIOTDh
UIBUIKICTE HOTO TPOXO/KEHHS.

Po3rngHeMO pyX IBOX PI3HMX MaTepiaJbHHX Til, IO PYXarThes Mif
AI€10 NPHKIIAZECHUX CUIT, BHKOPHCTOBYIOUH Ipyrui 3akoH HeroToHa.

Bupasumo BeIMYHHH AIIOYHX CHJI 4epe3 MapaMeTpH CTaHy i pyxXy Ookpe-
MO JUIs HATYPHOTO 1 MOZIeIhHOTO 00’ €KTIB BIATIOBiTHO:

F =m, vtv , 4.5) F =m, —» 4.5
H M
Jie M, , My - MacH TiI HATYPHOIO i MOACILHOIO 00’ €KTIB; Wy , Wy, — IIBHJI-
KOCTI pyXy HATYPHOTO { MOAENBHOTO TiJI.
3anaMo yMOBY TMOAIGHOCTI i3UYHUX BEJHYUH, WO BXOAATH 10 PiBHSAHDL
(4.5) 1 (4.5"), yepe3 BinoBiaHi /151 HUX KOHCTAHTH ITOAIOHOCTI, NPH 1BOMY
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K=, kp=lm k= 2l g
M tM
3aMiHUBLIH piBHSAHHA (4.5) yepes (4.5") 1 BinmoBiaAHi KOHCTAHTH TOAI0-
HOCTI 3 piBHSHHA (4.6), OTPMMAEMO KOMILICKC
k,w
k.F =k m, # 4.7
tom
PisusHHS (4.7) € HNOBHHM aHAIOIOM DiBHAHHS (4.5), alne BUpaMeHe
pOHO uepe3 (GopMyJly I MOAENBHOIO 00’€KTa 1 KOHCTAHTH TOAIGHOCTI
ans IBOX 00’ €KTIB.
Po3aiIuBIIY NOY1eHHO piBHAHHA (4.7) Ha piBaanuA (4.5"), 3HaligeMo
k
kf = km —X . (48)
kt
Komrmaeker tuny (4.8), 10 BUPakaoTh 3B 30K MIXX Pi3HOro poay KOH-
crantamu MnojibHocti B monibuux ob’exrax abo npouecax, HA3UBAKOTH
inaukaTopamu noxibHocti. B panomy Bumaaky komiuiekc (4.8) €
iHAMKATOPOM MOAIOHOCTI MEXAHIYHHUX CHJ, IO JiIOTh Ha MaTepiaikHi Tina
B moAiGHuUx cucTeMax, abo moaibHux 00’€KTax, 60 caMe KOHCTAHTH Noniod-
HOCTI BPaXOBYHOTh YMOBH NOAIOHOCTI MK MiIOUHMH B CHCTEMAX
NapamMeTpaMu, reOMETPHYHIMH 1 QI3HUHUMU BETHYMHAMM.
3aMiHIOYH B piBHAHHI (4.8) KOHCTaHTH NOAIGHOCTI TXHIMU (hi3HYHUMH
3HaYeHHAMH, MAEMO

o=t ne 4.9)
FM mM W M tM (
3BiTKM 3HANUIEMO
FH i tH FM : tM :
= =idem, 4.10)

m,w, m_ w,

ne idem — ogHakoBe, Te caMe (JIATHH.).

Komrmexken surnsigy (4.10) xapakTepu3yiOTh CIIBBIIHOWIEHHS MIXK
$iznuaumy BenuuuHaMu Ta egeKTaMu B MOAIOHHUX npouecax Jjs noaibHux
ABUILL i 06’ €ekTiB. SIK GaunMO, BOHHM 3aBXKIM MalOTh T€ CaMe 3HAYCHHSA 1 €
YUCIaMH NoA10HOCTI IHBAPIaHTHHX BEJIMYMH.

Taki cmiBBiHOLIEHHS Ha3sHBAIOTH KOMINIEKCAMM mMomiGHocTi, abo
KpuTepisiMu 1oxiGHOCTI.

Bei xpurepii noxibHocti € Ge3po3MipHUMU i iX HAa3UBAIOTH IMEHAMM
BiJIOMHx BUEHUX, IO 3p00MAHN 3HaUHKH BHECOK Y BUBYEHHSI TPoLieciB abo y
BinogigHy ranyss, a0o po3ain HayKH.

——

Modenwsarts npoyecise i anapamia 73



SKmo kpuTepiil MoAiGHOCTI CKITafaeThes i3 BiIOMUX (I3HYHHX BEIH-
4HH, O BXOJATH 10 YMOB OJHO3HAYHOCTI, TO TaKMil KpHTepiii HAa3HBAIOTh
BHU3HAYeHHM (BH3HAMANBHHM),

Slkno B kpuTepiil moaiGHOCTI BXOAUTh HeBimoMa (IIyKaHa) BEIUYHHA,
TO TaKHif KPUTEPii HA3MBAIOTE HEBRU3HAYEHUM (BU3HAYYBAHUM).

BrnactugicTe monibHux cucreM Oyna mocii/keHa i JOBedeHa LIE B
17 cr. [.HetoTOHOM, a noTiM mi3Hilne copMyTboBaHa SK MEPLIA TEope-
Ma TONIOGHOCTI, 3riIHO 3 fAKOK MOAIOHI ABMINA XAPAKTEPH3YIOThCH
O/THAKOBHMH i YnceabHO PIBHUMH KpUTepisiMu noaiduocri.

SIk BHIUIMBAE 3 IOHATTS OpPO IHAMKATOP MONiOHOCTI, neplua Teopema
noAiGHocTi Moke OyTH cPOpMyNBOBaHA MO-IHIIOMY, a came: AJis nomio-
HUX ABHI i cHCTeM IHANKATOPH NOAIOHOCTI NOPIBHIIOTH OAMHH L.

3anexuicrs (4.10) onepsana HasBy KpuTepitlo HbroToHa mns MexaHid-
HOTO pyXy MaTepiajibHUX 06’€KTiB:

Ne = il .
m-w
BigzHauumo, 110 BXigHa J0 KpuTepio HplooToHa 30BHIIAA cujiia MOXe
O6yTH KOHKpeTH30BaHa, MpH NbOMY BiAOYAYTbCS BHAO3MIHM (opMHu piB-
HSHHS 1 MOXKYTb OyTH OTpHMaHi HOBi KpuTepil MogiGHOCTI.
Tak, nigcrasusmu y Bupas (4.11) sanexuicte t = l/w, omepwxano
iHIIKHA, OimbIU 3py4Huil pisHOBHA KpuTepito HeloToHa, a came

Ne = ——I% , (4.12)
m-w
ne F - disuuna cuia, o i€ Ha TiNo Macoio m; | - IULIX, Ha AKWH nepemi-
IIYETHCA TINIO, M; W ~ LUBHIKICTb PyXY Tina, M/c.

CdopMmynpoBaHa BUILE NEpLIa TeopeMa MOAIOHOCTI BIAMOBiNae Ha 3amH-
TaHHA, 1O BapTO BUMIPIOBATH NPH NPOBEJACHHI JOCIIAIB, a came: HeoOXiaHO
BHMIPIOBATH Ti BEJAMYHHM, L0 BXONATH 0 KpUTepilE momiOHOCTI, SKHMH
OITUCYEThCA TPOLEC 1 AIKI BUPIIIANBHAM YHHOM BIUIMBAIOTH HA HBOTO.

Apyra teopema noaiGHOCTI BCTAHOBIIOE 3B’ 30K MiX 3MiHHHMH, IO
BXOZIATE J10 KpUTEPIiB noibHOCTI.

BingnosigHo no uiei TeopeMu Oyab-sike PIBHSIHHS, IR0 BHpAaKae
3B’A30K Mik (Gi3HYHNUMH BeIHYUHAMH, U0 ONHCYIOTH NMPOIEC, MOKHA
noJaTH y BHIVIAAL 3aJie:KHOCTI Mk BizmoBigHuMu xkputepisMn nonio-
HOCTI, CKJIaJI€HIMH 3 HUX Qi3HUYHMX BeJTHUMH.

Jpyra teopema noniOHOCTI BiANOBiAae HA 3aMUTaHHS, K BAPTO OIpa-
IbOBYBATH Ta Y3arajbHIOBATH Pe3yNbTaTH AOCHIAIB, a caMe: X HeoOXiTHO
MO/IaBaTH y BUITIAAI KpUTEpIaIbHUX 3aNEKHOCTEH Mik KpHTEpiaMH monid-
HOCTI.

(4.11)
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TpeTs TeopeMa NoAiOHOCTI GoOpMYINIIOE YMOBH, 32 SKHX SBHUILA CTa-
oTh NOJIOHNMH. BinnosinHo 10 1i€i Teopemy NOAIOHHUMM € NPOUECH fAKi-
cHO OJTHAKOBI Ta y AKHMX piBHI BU3HA4aAbLHI kpuTepil noxiénocTi.

TpeTst TeopeMa € OCHOBOK IJI MOAENIOBAaHHS (i3HKO-XiMiUYHMX IpoLie-
¢ciB 1 1O3BOJISIE Y3araIbBHUTH Pe3yIbTaTH AOCHIAIB Y BHIIIAAI KPUTEPiadbHUX
piBHSHB 1 32CTOCYBaTH OTpHMaHi 3aNexXHOCTI Ad IPyNH NOAIOHUX SABHUI i
TIPOLECIB.

Sxuwo BincyTHIH MaTeMaTHYHUN ONMC TIpolecy, ane BigoMi (akTopw,
gKi iCTOTHO BILIMBAlOTh HA HBOTO, TO JUIA OJICP)KaHHA OCHOBHHX KPHTEpiiB
nofiGHOCTI BHKOPHCTOBYIOTH MeETO[ aHaji3y po3mipHocTeil, B OCHOBi
AKOTO JIEXKUTb T- TeopemMa.

BinnoBigHO 10 M-TeopeMu Besike PiBHSHHS, 110 MOB’A3Y€ N OCHOBHMX
BeJIUYMH, BHPasKeHHX Yepe3 M oCHOBHUX OAHHHIL BUMIpiB, Moke OyTH
noaaHe y Burasai sanexuocti mizk (N-M) kpurepisimu noaibHocTi.

IIpu BUKOpHUCTAHHI T-TeOpPEeMH OOOB’A3KOBOIO € YMOBA, 3TiHO 3 KOO
BUMIPH YCiX BEIHYHH, LIO BXOIATh A0 QyHKUIOHAILHOT 3aJE€XKHOCTI, TIOBH-
HHI 6YTH BUPaXEHi B OAHIM cHCTEMI OZMHHLDb BUMIPiB ([IEpEBAXKHO B CHC-
teMi CI).

4.4 Anropurt™m noaibHOro NepeTBOPEHHS
audepeHniaJbpHOro piBHAHHSA Npollecy B KpUTepiaabHe

IMepeBaroio Teopil noaiGHOCTI € Te, WO BOHA JO3BOJISE OTPHMATH po3-
PaxyHKOBI KpUTepianbHi piBHSIHHS [IpH BOJOAIHHI MiHiMansHOWIO iH(OpMa-
Li€10 IOJ0 CKIATHOro (Hi3UKO-XIMI4HOTO IpoLecy.

Tak, K10 10CTOBIpHO BinoMi Bei (PakTOpH, 110 BIUIMBAIOTE HA XiJ| IIPO-
IeCy, TO MOXKIIMBO OTPUMATH PO3PaXxyHKOBI KpUTepialbHi piBHAHHA Ha 0asi
METOly aHalli3y pO3MipHOCTEH, BUKOPUCTOBYIOUH T - TEOPEMY.

[HIOIO BeNbMH BaXIHBOIO TIEPEBAroio Teopii MoAiOHOCTI € MEeTOx nepe-
TBOPeHHs Ju(epeHLlialbHUX PiBHAHB AN CKIaHUX MPOLECIB B KpUTEpia-
MbHI piBHAHHA. Lleit MeTox M03BOMNSE He PO3B’A3yBaTH CKiaaHe audepeH-
HiaNbHe PIBHSHHA, AKE HE 3aBXKIM MiJTAETHCA PO3B’I3yBAHHIO HABITH IPH
BUKOPHCTaHHI cydyacHoi OOYMCITIOBATIBHOI TeXHikKH. JIOCTATHLO OTPHMATH
Audepeniianbie piBHAHHA i METOJaMH MOAIGHOrO MEPETBOPEHHA OXep Ka-
TH KpUTEpialbHE PIBHAHHS A4 IIPOUECY, IO BUBYAETHCH.

Hnst moaiGHOTO nepeTBopeHHs AupepeHILiaNbHOr0 PIBHAHHSI B KPUTEpI-
albHe BUKOPHCTOBYIOTh METOJ, IKHH BUKJIAZICHO TAKHM QJITOPHTMOM.

1 3anucyroTs audepeHuianbHe PIBHAHHS 118 HATYPHOrO i MOAENBEHOTO
00’€eKTiB i (hOPMYITIOIOTE YMOBH MOAIOHOCTI [1s BCIX BEAMYHH, L0 BXOAITH
R0 mudepenuianbHUX PiBHAHb. YMOBH NMOAIGHOCTI 3aal0Th KOHCTaHTaMH
TOAIGHOCTI, IO BXOJATH 0 YMOB OJHO3HAYHOCTI.

———
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2 ¥V audepennianbHOMY PiBHAHHI JUTA HATYPHOro 0G’€KTa MPOBOLATH
3aMiHy OJHOHMEHHHX CKJIaJOBHX Yepe3 CKJIAAOBi Ul HATYpHOro 00 €KTa i
OJHOMMeHHI KoHcTaHTH noaibsocti. IIpu Takiil 3amiHi OTPUMYIOTH HOBE
qudepeHLianbHe piBHAHHA IS HaTYPHOTO 00’€KTa, L0 BUpaXKeHE 4epes
CKNafoBl AH(pepeHLiaNbHOrO PiBHAHHA I MOMAENBHOro 00’€KTa i KOH-
CTAHTH MOAIOHOCTI TCOMETPUYHUX, (i3HUHMX 1 (PIZUKO-XIMIYHHUX BEJIHUIHH.

3 BuainsioTe Npu KOXHIH CKIafoBifl oOTpUMaHoro aud)epeHiianbHOTo
pIBHSIHHS 1HJMKATOPM NOAIOHOCTI, 110 BPAaxOBYIOTH B LINOMY CHiBBiI-
HOUICHHSA MK flapamMeTpaMH CKiafoBHX o6’exTa Ta npouecy. Lli iHAHKATO-
PH MOAIOHOCTI BiTHOCATH 710 KOHKPETHHX (i3MUHHUX BEIHYHH, BUpaKEHHX
CKJIaJIOBUMH THGEPEHIIIANEHOTO PiBHIHHSA.

4 BpaxoByroud HACIIZOK Hepmioi TeopeMu MoxpiGHocTi, a came, IO JUIL
MOAIOHHX TPOLIECIB IHAKKATOP MOMIGHOCTI AOPIBHIOE OJWHHL, UTYYHO HOCA-
rarThk 0 YMOBY, HOIUTHBINM BCi 1HIN iHJHKATOPH NOAIGHOCTI MPH CKJIano-
BHX JH(EPEHITATBEHOrO PIiBHAHHA HA iHTUKATOpP MOMIOHOCTI MpH OmHIH 13
ckmanoBux. THM CaMMM BHKOHYETBHCS YMOBA NOAIOHOCTI 00’ €KTiB Ta AU, 60
SKLIO X04a § OJIEH 13 iHAMKATOpPIB NOAIOHOCTI B TH(epeHLiaIbHOMY PiBHSIHHI
Oynie JOpIBHIOBATH OAMHMII, TO H 1HI IHAWKATOPH MOMIOHOCTI NIOBUHHI AOpi-
BHIOBaTH ozuHuui. OTpuMaHi HOBI iHAHKATOpH noxibHocTi OyZyTh MaTH
iHIIAH (izndaHui 3MicT, 60 BoHM OyAYTH BHPRXKATH HOBE BiOHOIICHHA Iapa-
MeTpiB Npoliecy MoNepeaHboi CKIaI0BOI IO NapaMeTpiB NpoLecy iHIIOT cKiIa-
JoBol. Tak, SIKIIO iHAMKAaTOp NOMIOHOCTI NPH CHIIaX KOHBEKTHBHUX TIONITHTH
Ha iHIRKaTOp MOAIOHOCTI TIPU CHiTaX BHYTPIUIHBOIO TEPTA, TO Oyae OTpUMAaHO
HOBHI1 IHIUKATOp MOLIOHOCTI 3 HOBUM CMIBBIXHOLIEHHSM NapaMeTpiB 1poLe-
Cy, KM Mae HOBUH (Qi3UYHHI 3MICT. .

5 BumHcyroTh OKpeMO KOXHHUIL 13 OTpHMaHUX iHAWKATOPIB MOXiGHOCTI,
3aMiHIOIOTE B HUX KOHCTAaHTM NOAIGHOCTI BigHOMIEHHSM BiAnoBiAHMX
BEJIMYMH, & TOAI CKNaJaloTh KOMIUIEKCH — KpUTepii momiGHocTi. Dizuynuii
3MICT OTPUMaHHMX KpHUTepiiB moxiOHocti Oyzne Takum caMuM, SK 1 mone-
PeaHIX A0 HUX IHAUKATOPiB MOAIOHOCTI.

Came TaxuM MeTOOM oTpuMaHo Kputepi HeloroHa — dopmyna (4.11).

6 3anycyroTh y 3aralbHOMY BHIVIAAI KPUTEpIialbHY 3aNeXKHICTh MiX
KPHUTEPIEM HEBU3HAYEHHUM Ta KPUTEPIAMH BU3HAYCHUMH (JUB. HUXKUE).

4.5 Kpurepii rizpoannamiunol noaiéxocti Ta ix isuynuii smicr.
Hepu3naueni i Bu3naveni kpurepii nogidbHocri

KpiM BHIlleHa3BaHUX METOMIB NEePEeTBOPeHHA AudepeHLiaIbHUX PIBHAHD
B KpHTepialbHi, icHye (popManbHui, MEHII CKIagHUH cnoci® nepeTBopeH-
H PiBHSIHb, Ta METOJ OJAEpPKaHHS KPHTEpiiB nomibHoOCTI. 3 Wil MeTOw
audepeHLiaibHe PIBHIHHA NIEPENUCYIOTh 1 BiIKMAAIOTh 3HAKH MaTeMaTHY-
HHX ONEPaTOpiB, BHPAXKAIOYH NOXIAHI BEeJHYHH CaMHMH BEIMYHHAMH,

76 Po3zdin 4



gallpyKIaj, noxiaHy dp/dx moxxHa 3amMiHHTH BingHoweHHAM AP/AL Idani B
OTPUMAHOMY PiBHAHHI AiNATH OAHI HOro CKAajoBi Ha iHmi, a OTpUMaHuH
pe3y IbTAT AICHHS NIePETBOPIOIOTE B KPHTEPIi MOXIGHOCTI.

Came TakMM METO/IOM TIepeTBOpUMO IHdepeHuianbHe piBHAHHS Hap’e —
CtoKca B KpuTepil mogiGHOCTI Ta B KpuTepialbHe piBHAHHS.

Cropoctumo piBHaHHs Hab’e — Ctokca (3.20), 3aMiHMBLUY B HBOMY CHM-
BONH JW(EPEHIIIOBAHHA TCOMETPHYHHX 1 Gi3UYHMX BETHYHH Ha cami
BEJIMYMHH, a KOOP/JHHATH B HbOMY HAa HEOPI€HTOBaHMH TMiHiltHKI po3mip |,
IpU UEOMY OTPHMA€EMO PiBHAHHS

AP W e Y (4.13)
A thaEtesse e :
O3 N P I €) @ )

B AKOMY KOXXHa cknamosa 306epersa ToH camuil (i3uyHuid 3MicT, wo i B
[oNepeIHEOMY AH(PEPEHLiaibHOMY PiBHAHHI.

TloginuBmyn cxnagoBy (1), 1Mo BHpakae BIUIUB CHJI THCKY Ha PYX
B’A3K0i PIAMHM, Ha CKMANOBY (5), 10 BHpakae BIUIMB CHJ iHEpUiHHUX y
TIOTOL PIAWHH, KA PYXAETECH i3 CEPSIHBOIO LBUAKICTIO W, MAEMO

aP w? AP
ALTAL w2
OTpuMaHHil KOMIIIEKC € MipOK0 CHiBBiIHOLIEHHS CAJI THCKY [0 CHJ
iHepuiiiHux y noaidunx moTokax pifAHM, M0 PYXAETHCH, HAZHBACTHCA
kputepieM noaibHocti Jiidepa (Eu) i mo3HayaeThCs Tak:

Eu= AP2 . (4.14)

pw
[MopibHuM cnocoboM, MOALTHBIIM cKIaaoRy (S) Ha ckiamoBy (2), 10
BHpaXka€ BIUIHB CHJ BHYTPIIIHBOIO TEPTS B MOTOKAX PIAHHH, OTPHMAEMO
KOMILIEKE, IO € MipoI0 cHiBBiAHOINEHHsT CHJ iHepuiliHux y motoni 1o
CHJI B’A3KICTHOrO TepTd B NOAIOHUX MOTOKAX pilMHHU, IO PyXacThesd, 1

AKHH Ha3uBatOThb KpuTepieM Peiltnoasaca (Re):

w? ww wlp
AU A w
Axmo noaimMTH ckiaagoBy (5) Ha cknamoBy (3), ILO BHpakae BIUIMB
TpagiTalifiHHX CHUJ PiJHHH, OJEPKHUMO KOMILIEKC, WO € Mipoio cmiBBia-
HOmeHHs CHJT jHepUiHHUX A0 CHJI rpaBiTauiiiHuX y noaidnux motokax
PUIHHY, 1110 pyXa€ThC, | AKHH OTpHMaB Ha3By KpuTepilo ®pyaa (Fr):
W2 2

p.E'p'ngl‘g

Re. (4.15)

=Fr. (4.16)

———
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SIKIo noAinuTH CKNatoBy (5) Ha ckaazoBy (4), IO BHPAKa€ BITUB CUII
iHepUIHHUX JTOKANbHUX JIPH HECTAL[iOHAPHOMY PYCi IOTOKY, TO OTPHMAEMO
KOMIUIEKC, 110 € Mipol0 chiBBiIHOMIEHHA iMepUifiHMX KOHBEKTHBHUX
CHJ OO0 CHJI iHepuiifHHX JIOKaJbHHX Yy NOQIOHHX HeCcTANHX HOTOKAX
pignHu, mo pyxaerbes. LiboMy koMIekcy, o BigbuBae noai0HiCTh Bia-
pi3kiB yacy Ha BIANOBIHHMX AUIHKAX MOAIOHHX 06’€KTIB A1 ABOX MOJi0-
HHUX ABMIL, JAJIK Ha3By KpUTepito romoxpoHHocTi (Ho):

2
LN ALALIN S 4.17)
Al t 1

Kpurepii Re, Fr, Ho cknageHi i3 BiZOMUX BeJMYMH, IO BXOIATh B
YMOBH OJHO3HAYHOCTi, TOMY BOHM € BH3Ha4YeHWMH, TOOTO 3aBXIM iX
MOHA BUPAXyBaTH /ISl KOHKPETHHX YMOB Tedil IOTOKY.

Kpwurepiii Eiinepa ¢ HeBH3Ha4YeHHM, TOMY 11O BiH MiCTHTh HEBIIOMY
BenuuuHy AP, UHCiIOBe 3HaueHHs kol Moxe OyTn obuMClieHe, AKIIO iHi
YPHHHWKH, 110 BIUTHBAIOTh HA NPOIIEC, CTAHYTh BiIOMI.

BuHAlICHHA BU3HAYCHHX 1 HEBH3HAYEHHX KpUTepiiB monibHOCTI 3ame-
SKUTh BiJl KOHKPETHUX YMOB NpPOXOJDKeHHs npouecy. Tak, kpHTepiii Re y
BUIIAIKY MPHUMYCOBOI'O PyXy PiIHHM B TpyOOmpoBoJi € BH3HAYEHHM. Bin
e MOXE CTATH HEBH3HAYCHHM TIPH I'PaBITAlliHHOMY Oca/KeHHI TBEpAUX
YACTHHOK Y MTOTOKaX ra3y abo piguHH.

Po3spi3HstoTe KpuTepii mpocTi, ckIajeHi i3 6e3nocepeIHbO BU3HAYeE-
HHX BeJIH4YNH, KpuTepii MoaudikoBaHi, y SKHUX HesKi BeJIMIUHH 3aMi-
HeHi IHINMMH BeNMWYHHAMM, & TaKOXK Kputepii moxiami, - yrBopewi i3
rpyn Gi3MYHUX BeIHYHH abo 1HIIMX KpHTepiiB nogi6HoCTi.

Kpurepil Ne, Eu, Re, Fr, Ho Ta 6araro iHmmx € npocTuMu.

MogudikoBani xpurepii 4acTo BHKOPHCTOBYIOTb SK BHIO3MiHEHI
KOMILIEKCH, OLMbII 3pyuHi ANS 3aCTOCYBaHHA B KOHKPETHOMY IIPOHECI.
Tak, npH nepeMiillyBaHHi B I3KHX PiAMH Y MEXaHIYHMX MIIIajKaX BUKOPH-
CTOBYIOTH MOAHGiKOBaHMHN KpHTepill PeliHonbyca, y IKOMY KOJIOBA MIBH-
KicTb OmaTi MillaNKH BHpAXKEHA Yepe3 4acToTy ii o0epraHHs, a caMme:

_ndyop
M

n
Jie n — KiIbKicTh 00epriB, 1/c; d,— alameTp nonaTi MillanKu, M.

OtpuMasi Buuie Gopmynn (4.14-4.17) € 0CHOBHHMM KPHTepisiMH ria-
poaunamiunol noaiGHOCTi, TOMY 1110 BOHH BPaxOBYIOTh BIUIMB Pi3HHX CHJI,
1O Lif0Th y NMOTOKAX B'A3KHX PiMHH, AKi pyXalThCs Y KaHanax, anaparax i
Tpybonposoaax. Y tabn. 4.1 naBeneHi HaHOinbII MOWMpPEHI OCHOBHI Ta
MOXiAHI KpUTEPIl TiApoAWHAMiYHOT MONIGHOCTI.

Re (4.18)
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HoxiaHi kpurepii HaMeXaTh J0 CKIaJHHX T4 YTBOPIOIOTHCA B pe3ylib-
raTi BPaxoByBaHHS a0o 3aMiHK onHiei abo NEKiNBKOX BETHYHH iHUIMMH
peIMYMHAMH Td KOMIUIEKCAMH.

Ta6naug 4.1 — Kpurepii rinpoaunamiynoi nogiénocti

Kpurepiit ®opmyna OcHoBHHUH (bi3nyHuii 3micT
_ 2 Mipa cniBBigHOIIEHHS AiFO4MX HA TiIO CHI
Hetotona Ne =Fl/mw A0 iHepuiiHHX y nogibHUX noToKax
o _ 2 Mipa criBBijHOINEHHS CHI THCKY 10 CHJ
Eitrepa Eu=AP/pw iHepuUifiHNX y MOAIOHHUX MMOTOKax

Mipa cniBeigHOWEHHS CUIT iHEPUIHHUX 10

71 R = = N
Pefironbaca € de/ ”‘L Wd/ v CHJ1 B I3KOrO TEPTA Y noniGHMX norokax

Mipa cniBBiaHOIWEHAS CUIT iHEpUiRHHX 10

(1) a = 2 . o

pyA Fr=w"/gl MacosHx (rpapBiTauifHKX) y OTOKAxX

I'omoxpou- Ho=wt/1 Mipa cuiBBigHOLIEHHS CHIT KOHBEKTHBHHUX
HOCTi - [0 IOKAJBHUX Y HECTAllOHAPHHX MOTOKAxX

Mipa cniBBiAHOMEHHS CHJI MOJNEKYJIIPHO-

: _pal o132
Tanizes Ga=Re”/Fr=gl" /v ro TepTs J0 MAaCOBHX Y NOTOKaX

- _ Mipa crmiBBifIHOLIEHHS CHNl B’ A3KOI0 TepTH
Apximena Ar=Gal(p; —p)/p] 10 BHUITOBXYBTLHUX CHJI Y NIOTOKaxX
Ly= Re3/Ar = Mipa cniBBinHOlWEeHHS cujl iHepUifiHHX Ta
Jlawenxka

BHLITOBXYBaJILHUX Y NOJIGHNX MOTOKAX

=w’p® l(p; - plug

3okpema, BifHOWeHHs KpuTepiis Re’/Fr 103BONsE BH3HAYMTH CHiBBi-

HOILIEHHS CUJI B A3KOTO TEPTA 1 CHJI IpaBiTallifHUX Y NomibHHX HOTOKax, y

AKMX HE BJAcTbCAd 3BHYAHHMM CIOCOOOM BH3HAYHTH LIBMAKICTE PYyXY,

SK-OT y NMOTOKAX 3 IPUPOAHOI0 UHPKynsaUiero piauHd. Hosuit Oe3posmip-
HHM KOMIUIEKC OTPUMAaB Ha3By kpuTepito Iasijesn :

2 2 2 312
Ga=R (W) W _leg (4.19)
Fro {p) lg

B okpemux npouecax BUHHKA€ PyX MOTOKIB IiJ AI€I0 CHI TePTs, MAco-
BHX, iHEPUIHHUX Ta BHUIUTOBXYBalbHHUX CHJI, OGYMOBIEHHX OIi€0 Pi3HHIIL
TYCTHHH B3acMOAiouMX (a3. Y Takux NIPOLEcax 4acTO BUKOPHCTOBYIOTH
Noxiguuil kputepiii Apximena, yrsopenuit B pesynbrati komGinauii
kpurepito "ajizes 3 BiAHOMEHHAM T'YCTHHY CEPeOBULL;

———
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3
Ar=Ga Pl LEop ), 4.20)
P il
e p;, p — FyCTHHA B3aEMOAIIOUMX AUCTIepcHOT TBeproi 1 pinHHOT das3.
Bapro ninkpecnuTy, mo B KOXHOMY npoleci KpuTepii moaiGHocTi B
pi3HHX mMepepi3ax MOTOKY MOXYTh MaTH Pi3HOMAaHITHI YHCIIOBI 3HAUESHH,
ajle HEOJMIHHOK YMOBOKO MOAIOHOCTI € PiBHICTb KpUTEpiiB MOAiOHOCTI Yy
BiANOBIAHUX WOAIOHHMX TOYKax, Mepepizax Ta MICIAX Rijl MOYATKOBOTO
crany abo pO3BHTKY IpoLeCY B HATYPHOMY Ta MO/IEIbHOMY 00 €KTax.

4.6 Kpurepianbui piBHAHHS rinpoAnHamMivHUX mpoueciB

Orpumanuii Bume xpuTepii Efnepa MiCTUTh HeBiioMy MOUIYKOBY
Bennuuny AP (BTpaT HATIOPY B PeabHOMY MOTOLI), IO 3aJIeHUTh Bix Oara-
TBOX q)aKTopm Big, pexUMy PYXY CepeNoBMIla, WBHAKOCTI pyXy, TYCTHHM
Ta B’S3KOCTI CEPEOBMINA, Bifl AOBXMHH, NiaMeTpa 1 LIOPCTKOCTI CTiHOK
TpyGonpoBoay Ta iH. Y 38’43Ky 3 UM Yy riApOAMHAMIYHHX NPOLECAX PyXy
Ta TepeMillleHHs B’A3K0TO cepenoBullia kputepiii Efinepa 3apxam € HEBH-
3HAYEHNM, BU3HATYBAHUM,

V To#t caMuii 4ac iHmi KpHuTepil rigpoguHaMiyHoi nogibéHocti — Peii-
Honbaca, Ppyna, TOMOXPOHHOCTI — € BU3HAYEHUMHM, TOMY 110 BOHH CKJIa-
JIeHi BUHSATKOBO 3 BeJAUYHH, IO BXOAATb B YMOBH OJJHO3HAYHOCTI.

Srxwmo nozaru Hepizomul napamerp (kpurepid Eifnepa) yepes rpymy
Bigomux (PeiiHonbaca, ®dpyaa Ta IHIIKNX), TO Y BiANOBIAHOCTI A0 APYroi
TeOpeMHd TOAIOHOCTI OTPUMAaEMO KpHTepiadbHe pPIBHAHHS B HESIBHOMY
BUTIISAL, 4 caMe

Eu=f(T, Re, Fr, Ho), (4.21)
ne T - mapaMeTpUYHHH KpUTEpil, 0 BpaxoBY€ FeOMETPHYHI NapaMeTpH
o6’exta, I' = L/d; Re, Fr, Ho — kpurepii rizponuHaMiuHoi moaiGHOCTI.

3anexHicTh (4.21) Ha3WBaOTE y3arajibHeHMM KpHUTepiaJlbHUM piB-
HSHHAM TiIpOAMHAMIYHHX IIPOLECIB.

Pipusuus (4.21) ons pealisHUX NPOLECIB OJAIOTH ¥ SBRHOMY BUIJIAMI 34

JOTIOMOT 00 CTYNEeHEeBOT hyHKUiT
Eu = A-Re* - Fr’ Ho*-I'. (4.22)

[IngxoM ompallloBaHHSA EKCIIEPUMEHTAIBHMX JaHHX, OTPHMaHHX Ha
MOJeIbHUX O00’€KTax A KOHKPETHHX IpPOIECiB, 3HaXOAATh 3HaYECHHA
KoediiienTa A 1 TOKa3HUKIB CTEIEHIB 4, b, ¢, d.

KoHkpeTH3oBaHMH BHA KpUTEPiallbHOrO PiBHAHHS 3aNEXKHTb Bill YMOB
NPOBEAEHHS IPOLIECY.

Tak, o184 CTanoro pyxy B’A3KOTO cepefoBuula 3 piBHAHHA (4.22)
BHKIIIOYAIOTE KPUTEPili FTOMOXPOHHOCTI i piBHsAHHA HabyBae BUIIIALY
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Eu=A-Re*-Fr’-T¢. (4.23)

ITpH cTajioMy PEXUMI NepeMillleHHs CEPEAOBUINa i 3HEBAXKIUBO MAJIO-

My a0 HE3MiHHOMY BILUIMBI MAacCOBHX CHJI KpHTepialbHe DiBHSHHS Mae

puriiaj

Eu=A-Re®-(L/d,)° . (4.24)

Hanpuknan, y pe3yiasTaTi y3arajlbHeHHA 0ararboX eKcrepuMeHTaTbHHX

JaHMX, OTPHMAHHX TNPH MEPEMILIEHH] B’S3KUX CEPEIOBHII y TpybompoBo-

[ax i3 TIQJIKHMM CTIHKaMH B AianaszoHi yucen Re=4000 — 100000 nns xpu-

tepianbHOro piBuAHHA (4.24) 3uajineni: A=0,158; a= - 0,25; b=I1, npu
pOMY KPUTEpiajbHE PIBHAHHS BUKOPHCTOBYIOTh Y TAKOMY BUTJIAMI:

Eu=0,158(L/d,)/Re®*> . (4.25)

Tlopamo piBHaHHA (4.25) yepe3 napaMeTpH, L0 BXOAATb HO KPHUTEPiio
Eiinepa:

A—Pz =0,158(L/d,)/Re®? . (4.26)
p-w
BupasuMo 3aexHicTh (4.26) 1mo10 BTPAT TUCKY T2 OTPHMAEMO
L p w?
AP =2 —. > “4.27

2
ge (pw*/2) — nuuamiunnii (WBHAKICHUI) HATHCK TOTOKY; A — Koedili-
€HT TepTd B TIaAKHX TpyOONpoBOAAX: AJs JIAMIHAPHOTO DPEXHMY PYXYy
B’s3Kkoro cepenopuina (Re<2300) A=64/Re; mnga TypOYISHTHOTO PEXNMY
pyxy (2300<Re<10000) A=0,316/Re*>.

BukopucTanus MeTOHiB Teopii MOMIOHOCTI i MOEIIOBAHHA NPH OTPH-
MyBaHHI KpUTEpialbHHX PIBHAHb U OIHCYBAHHA KOHKPETHHX TiIpoiu-
HAMIYHHX, TEeIUIO- 1 MAacOOOMIHHMX IpoueciB Oyae MOKa3aHO HIXKYE MpPH
BHKJIAZli OKpEMHX TEM 1 PO3ALNIB KypCy.

4.7 MeToau onpauoBaHHsa pe3yabTaTiB AocailiB
i onepxanna QyHknionaabHUX i KpUTepiaJbLHUX piBHAHD

VY 3anexHoCTi Bill CTYNEHs BHUBYEHHS TNPOUECY MOKIMBI 3 BMIAIKH
MaTeMaTHYHOTO OMHUCY SIBUILL, II10 CYPOBOJDKYIOTh IIPOLIEC.

1 3a nonomoroio aMdpepeHLianbHUX PIBHSAHE, IO ONUCYIOTh Y HAHOINbII
NOBHiH Mipi BINHB Pi3HOMAHITHUX (GaKTOPIB Ha Xif i WBMIKICTE IpoLECy.

2 3a nonoMorow GYHKIIOHANEHUX PIBHSIHb 3B 43Ky MK HEBH3HAUEHU-
MM i Bu3HaueHUMH (AKTOpaMH i napamMeTpaMH npoLecy.

3 BincyTHi# siBHMi BUrIAg (yHKIIOHATBHOT 3aJIEXKHOCTI MiX mapameT-
Pamu mponecy, ane BIpOrioHo BiOMi ()aKkTOpH, WO BILIMBAIOTh HA Xin
Tporecy.
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V 3a0eXHOCT] B LUBOTO ICHYIOTh i Pi3HI METOAM OTPHUMYBAaHHS KpHTe-
plajibHUX PIBHSHB, SKi IIOTIM BUKOPUCTOBYIOTb JIJIA ONKHCY WIBMJKOCTI MpoO-
Lecy i po3paxyHKiB po3MipiB TPOMHCIIOBUX araparis.

V nepiioMy BUHaIKy IuepeHlianbHe piBHAHHS NEPETBOPIOIOTL B KPH-
TepianpHe METOAaMH Teopil MoAIGHOCTI, AKUIA BUKIaAEeHO B Mipo3aini 4.4.

Ha ocHOBI crelliaibHO BMKOHAHWX EKCIEPUMEHTANBHHMX AOCHIIKEHb
YCTAHOBIIOIOTH CTYMiHBb BIUIMBY KOXHOTO i3 KpHTepiiB noiaibHocTi Ha
IIBUJKICTh MPOLIECY 33 AOIOMOTOI eKCIEPHUMEHTANbHO OTPUMAHHX KOHC-
TAHT Ta [OKA3HUKIB CTENEHs NPH KPUTEPISAX MOAIOHOCTI.

VY npyroMmy BUNAIKy 3 OTPUMaHOTO (PyHKLIOHANLHOrO PIBHSHHA BHIi-
ASI0Th WIYKAHHH 1apaMeTp BiJHOCHO iHIUKMX IIApaMETPiB, a MOTIM JOMHO-
KYIOTb HOrO Ha TPYIY BUOPAHUX BEJIMYMH, IO YTBOPATh pa3oM i3 IEyKa-
HMM TapaMeTpoM Kputepiil nojibHocti. [1oTiM TOMHOXKYIOTE IIpaBy dac-
THHY DIBHSHHA Ha Ty caMy TpyNy i BHAUIAIOTH iHIII BU3HAUeHl KpUTEPil
MoMiOHOCTI 3 BiAMTOBIMHUMH MOKA3HUKAMH CTYIEHIB, IIiCAS YOro OTPHUMY-
I0Th ILyKaHe KpuTepiajbHe piBHSHHSA B ABHOMY BUriAai. [Toai6uuit mMeton
Oyne BUKOPHUCTAHMIE HIDKYE [IPH OAEPXAHHI KPUTEpiaibHUX PIBHAHB JUIs
PO3PaxyHKY IUBUIKOCTI OCA/KEHHA YACTHHOK y IpaBiTallifHOMY O

VY rperhoMy BUMAAKY (HaHOInbI TPYAOMICTKOMY ) JOBOAUTLCS Gesmoce-
PEAHLO BUKOPHCTOBYBATH PE3YJIbTATH €KCIIEPUMEHTANBHHX JOCITIIKeHb.

Heszanexxio Bif BONI JIOAMHU PO3BHTOK 0arathoX ¢i3HKO-XIMIYHHX i
O10JIOTIYHUX SIBHIL Y npuponi OiIATAal0Th 32KOHAM BIPOTIJIHUX TPOLIECiB,
reOMETPUIHHUX nporpecm i norapm’pmus [OpHYOMY came norapHQ)Mqua
(abo mMOKa30Ba) 3aJEXKHICTh YACTilUE YCHOTO BiIOMBAE BIUTHB Pi3HOMAHIT-
HUX (QAKTOPIB HA WIBHAKICTb NpOLECY.

ToMy HaTypanicTy AT MaTeMaTHYHOrO OMUCYBAaHHS CKJIAJHHX Ipolle-
CiB JJOCHTb YacTO BUKOPHCTOBYIOTH CTENEHEBY (yHKLIIO TAKOTO BUIIIANY:

Kg=AKPKS, (4.28)

Je A - crana; b, ¢ - MOKa3HHKH CTEMNeHd, IO 3HAWAeHI MpH ONpalioBaHHi
pesynbraris nociifnie; Ko, Ky , K; — noTouni 3HavueHHS OKpEeMHX NapaMer-
piB 260 BH3HAUEHUX KOMILUIEKCIB (KpUTEPIiB).

VY 6inpl npocroMy BUNaAKy piBHAHHA (4.28) Moxke 6yTH noaaHo gop-
MYJIOIO

K,=AK, (4.29)
AKa Iic/as JorapudMyBaHHs Mae BUTISL PIBHAHHA MPsAMot TiHiT
IgK, =1gA,+b-1gK, . (4.30)

Yepe3 HaHeCceHI eKCIIEpUMEHTANIbHI TOYKM (AMB. puc. 4.2) Ha rpadik y
aorapudmivanx koopauHatax lg Ky — lg K, npoBomate mpamy, uio 3
MOCTATHBOIO TOYHICTIO IX 00’ €Hy€e H yCepeaHIoe, Ta HaXuil K0T HO3BOJISLE
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pHU3HAUHTH 3HAYEHHH KyTOBOro koedilieHta b= tgo, a Takox 3HAYEHHS
xoedilieHTa A 3a BETMUMHOW Bifpi3Ka, o BiAcikaeThcs mpsamoro BP Ha
oCi OpIMHAT.

Uncaopl 3HaueHHS KOHCTAHTH 1 [I0OKA3HHKA CTCNEHS MOXHA TaKOX
3HAWTH, PO3B’A3YI0UH CHCTEMY PIBHAHB JUIS ABOX TOYOK, SKi PO3MILLYIOTh-
cd Ha TpAMIH, o IX ycepenHioe.

g Ky
P Puc 4.2 B
| YHOK . - H3HAYEHHS
ngop St KOHCTAHTH A; I MOKa3HHKA cTenenss b B
B piBusuni (4.30)
IgKob lg K;

lgK;p IgKip

Hanpuxnan, aas toyox B i P (nuB. puc. 4.2) MaeMmo cucremy IBOX
PiBHSHD:

1gKob = lgAi+b1gKyy
ngOp =1gA | +b-1gK, D>

PO3B’I3YIOUH SKY, 3HAXOIATh 3HAYCHHA KOHCTAHTH A, i ITOKa3HHUKa b.

VY 6inbIn ckIagHOMY BHNAIKy (Hampukjal:, MPH JIBOX KOMIIIEKCax, L0
BIUTHBAIOTH Ha Xi MpOLECY) Po3paxyHKoBa (HOpMyJia 3allUCYETHCA TaKOK
3aJIEXKHICTIO:

(4.31)

K, =A,K-K§, (4.32)
AKa icid JorapudMyBaHHS Mae BUTTIAA
IgKg =1gA, +b-1gK |+ ¢ 1gK, (4.33)

Ta Ha rpadixy B jorapudmiynnx xoopaunarax lg K,— lg K, Bigobpazurbes
YV BHUIIALI MHOXHHH JIiHiH, [IOJIOKEHHS SKMX BH3HAYAETBHCH BEINYHHOKO
octaHHBOI K, TpeTroi criiagoBoi piBHaHHA (4.33).

VY3aranbHeHHS MHOXHWHH JiHii B OJJHY IPOBOAUTECH TaK.

Cnouatky 3a BULIEBUKIIAICHHM METOIOM Ui ABOWIEHHOI 3aJI€XHOCTI
3HAXOIATh 3HAYEHHA CTalol A, i IMOKA3HMKA CTeneHs b, MOTIM KOMIUIEKC
B=A,K," nigcraBnsiore B piBHAHHS (4.32) i BUKOPHCTOBYIOTb IOBTOPHO 33
Ti€I0 CaMOI0 METOJMKOIO A BU3HAYEHHS NMOKA3HUKA CTEreHs (C) Y CHCeTe-
Mi koopmuuar lg(Ko/K,?) — lg K,. TloTiM Ha OCHOBi OTPUMaHHX HaHHX
Oynyiots ciomyuenuit rpadik B koopmunarax 1g(Ky/K;®) — lg K, i 3Haxo-
H8Th ycepeiHeHe 3HAYECHHA KoedillieHTa A,, gKe 3 JOCTATHBOK) TOYHICTIO
OXontroe 06MacThk JOCIIIKYBAHOTO MPOIECY.

[ S—
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[MoniOHUM MeTonOM BH3HAYeHi 3HaYEeHHS KOe(QiLi€HTIB i NOKA3HHKIB
cTerneHs B KPHUTEPIABHUX PIBHAHHAX AN Tpoliecy rpapiTaliiHoro oca-
JUKEHHS YaCTHHOK (HANMpPHKIAA, [UIA TEepexXifIHoro pexHMy OCaLKEHHA
Re,=0,152Ar"""*) aGo mns npollecy KOHBEKTMBHOTrO TeI1I00OMiHY MpH TYp-
6yIIEHTHOMY PexKHMi Tedii oToKy Teruonocis Nu =0,021Re*® Pr¥ %),

VY 3B’A3KY 3 THM, 1[0 ONpPALIOBAHHA Pe3yIbTATIB AOCNIAIB 1 OAepKaHHs
piBHSHD 1T0Ka30BOi (yHKUIi 3 NEKiINbKOMa 3MIHHUMH BETMYHHAMH OYyXKe
TPYIOMICTKWH npoLec, a TOCIIKEHHS OJHOTUIIHUX TIPOLECIB NIPOBOAATH-
cs B pizHMX 1aGOpaTOpisx 1 PI3HUMHU TpyHamMM AOCHIAHHUKIB, TO YaCTO OIy-
OniKOBaHi B jiTeparypi piBHAHHA MalOTh 3HAUEHHs KOe(ilieHTIB i MOKa3-
HUKIB CTETIeHs, IO BiAPi3HAKOTECS MDK cOO0I0 IPH OOHOMMEHHUX 3MIHHUX
napaMeTpax.

ToniGHi BHIIEBHKNANEHUM METOJN Y3aralbHEHHs eKClepHMEHTaNIbHUX
[aHHUX BUKOPHCTORYIOTH A8 OJEPKaHHA SK QYHKIIOHATEHHX, TaK 1 KPATE-
piajbHUX PiIBHAHB.

Cepen pi3HHX METOAIB y3arajbHeHHs SKCIEPHMEHTATbHUX JAHUX i 3Ha-
XOJUKEHHS 3a HHMH €MITiPUYHHUX (QopMYJ HaHOIMbl BiZOMUMH € METOA
BHDIBHIOBAHHSA, METOJ CEPEIHIX, MeTOJ] HaHMEHIIMX KBaJApaTiB, METOI
NOABIHHOTO JloTapupMyBaHHs, BHKOPUCTAHHS IHTEpIOAAWIAHIX (GOpMyT
Jlarpanxka. Inmi merony BimoOpaskeHHs Ta Y3arajJpHCHHS EKCIIEPUMEH-
TAIbHUX JAHUX Y BUIMIAII eMiipruuHnx GOpMyJl ONUCYOTHCA B CliElianbHiH
niteparypi.

Koumposneni 3anumantis

1 3 K010 Memoro 3acmoco8yioms MemMoou MOOERIOGANHHS CKIAOHUX CUCIEM | 8 YOMY IXHI
nepesazu?
2 AKi Memodu MOOemOBAHHS 6UKOPUCTIOBYIOMY, ¥ HOMY ROARAE IXHA Qisuuna cyms?
3 Axi numanna 00380458€ eupiuysamu meopis nodibnocmi ?
4 Hki icuylome yMmo6u OOHOIHAYHOCKI, WO BOHYU BUPANCAIONb MA 3 AKOKW Memolo ix
3acmocosyionb?
5 Axi ssuwga eidnocame 00 nodibrux, sxi ymosu 01 Yo02o nompioni?
6 Lo xapaxmepuayioms xoncmanmu ma ineéapianmu nogibnocmi?
7 Lo xapaxmepusyiome indukamopu ma kpumepit nodibuocmi?
8 Hki kpumepii nodiGrocmi HAZUBAIO M BUIHAUEHUMY, O K] — HEEUIHAYEHUMY?
9 Ak hopmynioomecs ocnosni meopemu meopii nodibrocmi?
10 3anuwime pienanns Hae'c — Cmoxca ma noscuimo, Axi 6udu cun 6oHo epaxosye?
11 SIkumu chocobamu MOXCHA OmpumMamu kpumepii nodibuocmi?
12 Axi ocHoeHi Kpumepii 2iopodunamiunoi nodibnocmi Bu 3uaeme, wo €onu eupd-
aHrcarome?
13 3anuwime kpumepii Eiinepa i PeiinonsOca, wo 8oHu supaxcaions?
14 Sxi xpumepii nooibrocmi Hazusaoms npocMuMY, G nxi came — moduhikosanumu i
noxioHumu?
15 Lo supasicaroms i wo epaxogyioms KpumepiaioHi pieuanna?
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PO3A41 5

HEOLHOPIHI CUCTEMM | METOAM
IXHbOIro PO3OINEHHS

Y ybomy po3oisi ...

¢ /e i 5K ymeoprowomubcsi HEOOHOPIOHT cucmemu ?

¢ Sxi 6ysaromb HEOOHOPIOHL cucmemu?

¢ AKi memodu 3acmocogyrome 0Nt PO3OLNEHHS
HeoOHOpPIOHUX cucmem?

¢ Teopia npoyecy 2pasimayitiHo2o0 OCIOaHHA.

Memoo pospaxyxky weudkocmi oCi0aHHA.

¢ IIpooyxmusHicmo 1 po3mipu 8i0cmiliHux anapa-
mis.

¢ Bydoea i npuHyun pobomu 810CMIiHUKIS.

*

Y XiMiuHHX, HadTo- i razomepepoOHMX BHPOOHMLUTBAX B pPe3yJbTaT
BHpOOHUYOT AIUIBHOCTI YaCTO YTBOPIOIOTECS HeomHopinHi cucremu (HC) i
BHHUKA€E HEOOXIAHICTD y po3aiienHi X Ha okpemi dazu.

CueTeMO HA3WBAOTH TPYIY 00’€KTIB a0 PEYOBHH, 110 3HAXOSATH-
cd y BH3HaueHil BHyTpimHbOda30Biii abo Mixkdazosiit B3aeMonil oauH 3
1HUIMMH.

Onvopignumu (roMoreHHMMH) Ha3HBAIOTh CHCTEMH, B SIKHX peyo-
BHHH PIBHOMIPHO PO3MOIINIEH] B MPOCTOPi Y BUIASAl MIKPOCKOMIUHHX Yac-
THHOK (MOJIEKYJ1, TPYI MOJIEKYJ, GIIOKIB i T.[.) 1 TaKi CUCTEMHU, SIK [IPABMIIO,
He MOKyTb OyTH PO3IIICHI MEXaHIYHHMH CITOCOGaMH.

Heoasopizuumu (rereporeHHHMMH) Ha3WBAIOTHCA CUCTEMH, IO
CKTaJalThes 3 1BoX abo Tprox (a3, y AKUX PO3NONINEHI YaCTHHKH MakKpo-
CKOIi4HHUX PO3MIpIB, 3HAYHO OiNBIINX, HIK BEAMIUHA MOJIEKY L.

Heoxnopiani cucteMu B 6arathoxX BUNAJKaX MOXYTh OYTH po3AiJeHi Ha
okpeMi Ha3u MexaHIUHUMHU crocobamiu.

HeonHopinni cucTeMu yTBOPIOKOTHCS IIPU IPOBEACHHI TAKMX IPOLIECIB:

a) MexaHIYHUX (ro/IpiOHIOBaHHI Ta TOHKOMY NOApiGHEHHI pyA, npociio-
BaHHI CHMKUX 1 MOpOLIKONOXIOHUX MaTepianiB i T.1.);

0) rigpomMexaHiuHMX ([IHOYTBOPEHHI — MpH IPOXO/DKEHHI rasy 4depes
TMIPOLIAPOK PIJAMHY, TICEB/I03PIDKEHH] — TTPH TIPOXOHKEHH ra3iB abo piavH
Hepes MPOLIAPOK MOPOLIKIB i 3epHUCTHX CHIKHX Marepianis, IpH nepemi-
LIYBaHHI Ta iH.);
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B) TEIUIOBUX (IIPH CHANIOBaHHI TBEPJOTO NAJIHBA | YTBOPEHHI MHJIOra3o-
01 CYMillli, [IPH BHIIAPIOBAHHI PO3UYHHIB Ta iH.);

r) MacooOMIHHMX (NPH pPO3YMHEHHI MIHEpaIbHHMX pyx, mpH ob6pobui
ra3iB 1 pilMH, eKCTpaKuii, BUCYLIYBaHHi, KpHCTami3allii Ta iH.);

1) IPHU NMPOBE/JIEHHI XIMIYHHX IIPOLECIB B OCHOBHIN XiMii 1 KaTaniTHUHHX
poOLIECiB Y HAPTOXIMIYHHUX | HAYTONEPEPOOHNX BUPOOHHIITBAX.

Jinsa posainenns HC npusHayeri rigpomexasiuHi npouecH, mo 6asy-
{oTBCs HA BUKOPHCTAHHI BIACTUBOCTEH PyXOMHX ABOX(asHMX IOTOKIB mij
BIIMBOM Pi3HOTO POIy CHIL, WO AiF0Th Ha (asH, i TAKMM YMHOM BIUTHBAIOTH
#a iX OBE/IHKY B F€TePOreHHil CHCTEMI.

~ Posminenns HC moxke nepecrmigyBaTH pi3HOMaHiTHI Liii, AK-OT: OYH-
[HEHHS MMUIOTa30Boi CyMimi abo 3a0pyAHEHOT PIIMHM Bifl 3BAXEHUX Y HUX
44CTHHOK; BIIOBIIIOBAHHS Ta BH/IICHHS KOPHCHHX PEYOBHH i3 CKJIAIHHX
ra30BHX 200 PIAMHHHX CHCTEM.

[HOAi OCHOBHHMMM 3ajlayaMM IIPOBEACHHS TiAPOMEXAHIYHUX TIPOLECIB €
orpyMaHHA (npurotyBanusa) HC, Hampukiaj, NpuroTyBaHHS CyCNeH3iH,
eMyJ5Cii TOMOTeHHUX [ACT T4 iHILE.

5.1 XapaxkTepHCTHKA HEOJHOPIAHMX CHCTeM

"V HeOAHOPHIHIH cHcTeMi PO3PI3HAIOTH 30BHILIHIO, CyUiibHY a3y —
gucnepciiiHe cepeaoBHlle, B SKOMY DiBHOMIpDHO PO3IOAINEHI 3Ba)KeHI
9aCTUHKY BHYTPIilIHBLOI po3apidHeHol — nucnepcnol ¢asn, posmipu yac-
THHOK AKOT 3Ha4YHO MEPEBEPUIYIOTH PO3MIPH MOTEKYJI.

V 3anexHOCTI Bi cTaHy i nmepepo3noaily ¢as, wo Bxoaatk B HC, pos-
PI3HAIOTD TaKi HEOJHOPIZHI CHCTEMH: MHJIOTA30BY — I'a3H 31 3BAXKEHUMHU
B HMX TBEPIUMH YACTUHKAMU; AMMOBY — ra3oBe CEPEJIOBHIIC 3 PO3NOi-
IeHMMH B HBOMY TBEPJUMM YaCTHHKAMH, IO CKOHIEHCYBAJIMCH B TBEPIY
¢asy; TyMaH — rasoBe cepeIOBHILE 3 PO3NOIUICHUMH B HBOMY APiOHUMH
KpamsmMy piiuHW; NiHY - plAMHHE CEpeNoBHILE 3 PO3MOAIIEHHMU B HHO-
MY ra3oBUMH IIYXMPLSMH; CYCNeH3il0 — piIUHY 3 PO3NOJAINEHHMH B HiHl
3Ba)XEHVMH TBEPAMMH YACTHHKAMH; eMYJIbCil0 — PIIHHY 31 3BAsKEHUMHU
Y Hili KpanyIsM# {HIIOT PiZIMHH, 110 HE PO3YHHAETRCA B MEPLIii,

V 3anexXHOCTI Bifl BETHYHHHU 3BaKCHUX TBEPAHX YaCTHHOK PO3PI3HAIOTH
Cycnensii: rpyo0i — i3 po3aMipoM yacTuHOK Ginblue HK 100 MKM; TOHKI —
Bin 0,5 no 100 MKM; KaJdamMyTi — 3 gacTuHKaMHu y Mexax 0,1 - 0,5 MKM;
KOJIoiAM — PO3YHHH 3 YACTHHKAMH PO3MIPOM MeHIe Hix 0,1 MKM.

HeoHOpiaHI cHCTeMM XapaKTepH3YIOThCA TAKHMHM OKA3HMKAMH:

- iICTHHHOIO I'YCTHHOIO iHAMBIAyalbHHX (CYLINBHOI i AucnepcHol) ¢as;

- = YCepeIHEHOIO I'YCTHHOIO BiIHECEHO] JI0 TOBHOTrO 00’ €My CHCTEMM;

- MacoBoIo (ab0 06’€MHOI0) KOHLEHTpaLi€ JuciepcHol hasu B Maco-
BHX (06’eMHUX) BigcoTkax abo y BiTHOCHUX 4acTKaX;

—
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- TPaHYNOMETPUIHMM — QPaKUilHUM CKIaJ0M AdcnepcHol dasH B OIH-
HHII Macu 91 06’ €My AHCTIEpCiHOTO cepenoBHIna.

IcTHHRY rycTHHY CYWiNBHOI 1 AMCMEPCHOI (a3 BH3HAYAIOTH EKCIIEDH-
MEHTAIbHO T4 3a Tabiunamu (uiA pigdHHHOl i TBepoi daz) abo BH3HAYa-
10Th 3 ypaxyBaHHIM 3MIHH TEMIIEPaTypH I THCKY (/1 ra3iB).

YcepenheHy TyCTHHY CyCNeH3il MOXKHA BM3HAUHTH 3 JOCTATHBLOK s
TEXHIYHHUX PO3PAXYHKIB TOUHICTIO 32 IPABUIOM aTUTHBHOCTI, IIPH LOMY

1 x 1-x
—=—+ a-x , 5.1
P Pr Pe
Jie X - MacoBa YaCTKa TBEPAOI AMCMEPCHOT bazu; p , Pe, Pr — yCepeaHeHa
Ta ICTMHHA T'yCTHHA PiHHH 1 TBepHoi da3u BiINOBIAHO.

Dopmyaa (5.1) moxe OyTH BHUKOPHCTAHA [Uid BU3HAYEHHS TYCTHHH
BOJIOFOFO OCafy, SKILO BBRXKATH HOTO SK BHCOKOKOHHEHTPOBaHY CyCIICH-
3110, TIPH LHBOMY MaEMO

Pc Pr
w(py =Pc)+Pe
Jle U— BOJIOricTh ¢Cany, Mac. YacTKa.

3 piBHsHHs (5.1) TAKOXK MOKHA BU3HAYHUTH KOHIIEHTpaLio TBepaol (asu

B CyCIIeH3iT, sIK1IO BiNOMa 11 ycepenHeHa IyCTHHA, NPH LbOMY
_Pr(p—pc) (5.3)

p(pT - pc) ’
e P — ycepemHeHa I'yCTHHA CYCIeH3Il.

Gpakuifinnii cknag aucrepcHoi a3l BH3HAYAIOTH 33 JIOTIOMOTOK)
METOJIy CHTOBOTO aHai3y — PO3CIIOBaHHAM OKPeMO BHALNEHOI 1 MiroTos-
JIEHOT IS UbOTro HABAXKKH ycepeaHeHoi IpoOH 3a JI0NOMOroK CTaHAapTHO-
ro Habopy CHT (IHB. pHC. 5.1).

Pro = (5.2)

R, % mMac.

4 Pucynox 5.1 — Pe3yarratn CHTOBOro
00 u AHAJI3Y  MOJiAMCHEPCHOro0  MOPOLIKY:
80 1 — nudepeHuianbHa KpuBa pPO3MOIUTY;

2 — iHTerpajibHa KpHBa PO3IOALNY
60
r,
N2
40 N N
it Ieil MeTon BUKOPHCTOBYIOTH Iepe-
20 = N B@XHO BiTHOCHO Ipy0OaHCIIEPCHHX CY-
% crieH3ii i 3anmnenux rasiB. CuToBOMY
02 04 06 03 10 aHami3y NiJJaThCs MaTepiaiy, momnepe-
o, M JHBO BUCYILIEH] 4O CTaJIOl MaCH.

?
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3a A0NOMOT0K (POTOMETPHUYHOTO 1 CEAMMEHTANIIMHOIO METO/IiB aHAIli3Y
BA3HAYAIOTH QPaKIIHHKH CKIIA] TOHKOJUCTIEPCHHX CUCTEM.

Pe3y/IbTaTH CHTOBOIO aHani3y NMOJAar0Th Ha rpadikax y popmi andepeH-
pianpHUX abo IHTErpanbHUX KpUBUX po3noaily. KoxxkHa By3bka dpakuis
3epeH, AKy YMOBHO Ha3HMBAIOTh MOHO(MPAKLIEI, XapaKTEPH3YEThCA CEpei—
HiM JIaMETPOM 3epeH, Al BH3HAYCHHSA SKOTO iCHY€ IeKiTbKa MeTOIiB.

Yacriule HDK iHII BUKOPHCTOBYETHCA METOJ BU3HAYCHHS CEPEIHBOre-
OMETPHUYHOT BeJIMUMHY, TIPY LOMY

dci :VdBi'dHi s (54)

ge dgi, dii, dg— IiaMeTpH oTBOPIB BepXHBOTO (IIPOXi{HOTO) Ta HUWYKHBOTO
(HeMPOXiHOrO) CUT BIMNIOBINHO;  d; — cepenili JliaMeTp YaCTUHKH.

CepenHiit piamerp Aid Bci€l HaBaXKKH NOJIJHCIEPCHOTO 3epHHCTOrO
Marepiany BU3HA4aloTh K CEPEIHbO3BAKEHY BEIHUHHY

n
d,=¥dgx; , (5.5)
1

Je X; — MacoBa 4acTKa 3epeH KOXKHOI MoHO(paKlii; n — KiNbKICTH MOHO-
¢paxuiii.

-V npakTuui npoueciB posineHHs $a3 yacTille YCporo 3yCTpidaroThes
9acTUHKH HechepnuHol Gopmy, fAKi MOKHA XapaKTepH3yBaTH CKBiBaJICHT-
HHM JiaMeTpoM, W0 HOpiBHIOE MiameTpy cdepd HaCcTHHOK OJHAKOBOTO
06’emy abo 01HaKOBOT MacH, IIPH LibOMY

d,, =3/6V./n=3/6G /np,

(5.6)

ne V,—o0’em gactukn, G, — Maca 4acTUHKM.

IoBepxHA HechepHIHHX YACTHHOK 3aB)KAM OLIbIIA Bif MOBepXHI ce-
pUYHMX ogHaKoBOro 06’eMy. [ BpaxyBaHHS LBOTO PO3XOIPKEHHS B pO3-
paxyHKax BHKOPHUCTOBYIOTb koedillieHT CPepUIHOCTi, IO XapaKTepH3Ye
BIIXHIIEHHS peasibHOi GOPMH YaCTHHOK Bix cepuuHOi POPMH, IPH LBOMY

v, =S/S, (5.7)
Ae S, S — nnoma noBepxHi cdepuyHoi i HechePUUHOI YACTHHOK OJIHAKO-

BOro 00’eMy.
Jlnst yacTHHOK pi3HOT hopMu HKKYE TTOAaHI KoedilieHTH chepruuHocTi:

Yactunku Ve YacTHHKH W
Ky6iuni 0,806 TeTpaeapuusi 0,67
Oxpyruni 0,83-0,86 TocTpokyTHi 0,60
Okraeapuuni 0,846 [pusmatnuni (axax2a) 0,767
Kyracri 0,73 Lluninapuuni (h=d) 0,873

—
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5.2 MeToau po3aineHHs HEOAHOPIARNX cHCTEM

Meroa po3aiteHus HC BubHpaioTh y 3a1€XKHOCTI Bi arperaTHoro cra-
Hy 1 Qi3MKO-XIMIYHMX BJIACTHBOCTEH PEUOBHH, L0 CKJIAJAIOTH ii, EPEKTHUR-
HOro po3Mipy 3epeH, MOBHOTH, e(eKTUBHOCTI Ta €KOHOMIYHOCTI IIPOLECY,
NpU LUbOMY BPaXOBYIOTB TeMIEpaTypy Ta arpecHMBHICTH CEPENOBHIL, IPO-
JOYKTUBHICTb anapara 4YH YCTaHOBKH, BUTpAT eHeprii, eKCITyaTartiiiui i
KalliTadbHi BUTPATH.

Hai6insiu nompeHuMn € Taki MeToan posaiienas HC:

- rpasitaliifiHi (MPUPOZHi) METOJIH OCAIKEHHS TIPH BUKOPHCTAHHI CHiI
3€MHOTO TSKIHHA 1 PI3HULI I'YCTHH B3aEMOIYHX ¢a3;

- (pmoTaliiiHi MeTOAN NPHU BUKOPHCTAHHI MOBITPS i peareHTIB;

- iHepLiiHI METOIU IPHY BUKOPUCTAHHI CIJ 1HEPLIT 3aKpY4EHOr0 MOTOKY
(RiALEHTPOBHX CUIT) ab0 NPH 3MIHI HAPSMKY HOIrO Pyxy;

- ¢inpTpaniiiHi METOJH 3 BUKOPUCTAHHAM CHI THCKY i BIILUEHTPOBHX
CUIT;

- MOKpPI METOIH i3 BUKOPHCTAHHSM PiIWHHUX CEPEIOBHUIIL;

- cneuiajJbHi MeTOIH 13 BUKOPUCTAHHAM CHII €JeKTPUYHOTO, MarHiTHO-
o, aKyCTHYHOTO Ta YIbTPa3BYKOBHX IOJIB.

Ocizauns, wo BinOyBaeTbcs M i€ PI3HAII CWI TSOKIHHA |
BUIITOBXYBAJIBHUX CHUJ CEPEHOBHLIA, IEPEBAXHO BHKOPHUCTOBYIOTH JIiist
NONEPeAHBOTO MOJINY rpyOORUCTIEPCHUX HEOAHOPIAHHUX CHCTEM B YCTAaHO-
BKax MepioAn4Hoi i be3nepepsHOT aii.

®aoTrania BUKOPHCTOBYEThCA NN PO3ALTEHHS CYCTEH31H 1 Mynnn 3
METOI0 BHJIYYCHHS OKPEMHX KOPHUCHHX KOMIIOHEHTIB 1 BiOYBacTbCH il
NI€I0 BUUITOBXYBAJAbHUX CHJI MYXUPUIB MOBITPA, IO MPHIHILIM A0 YaCTH-
HOK.

Heurpudyryrandsa (UUKIOHYBaHHsS) BIIOYBa€eThCA B oy ail pin-
IEHTPOBHUX CHJI, IO LITYYHO YTBOPIIOTHCA B OOEPTOBMX amapaTax abo B
3aKPYYECHUX IIOTOKAX.

®iabTpyBaHHA BinOYBaeTbcAd 3 BHKOPUCTAHHAM CHII THCKY TNIpH
npomnyckandi HC vepes nopuery (110 GineTpye) neperoponky, npy UbOM)
aucnepcHa (asa 3aTPUMYEThCS Ha TIEPErOpOJll, a CyUiNbHEe AUCHEpCiine
CEPEAOBHLLE BiIBHO MPOXOANTH Yepe3 MPOLIapoK BOJIOIOTO Ocaay 1 repe-
ropoaky, wo ¢pinsrpye. DinbTpyBanns 3abe3nedye GBI TOBHE PO3AIICH-
Hs aucnepcaux HC.

Moncpe pO3}1iJICHHSI HC Bindysaerscs nig aieto rpaBiTauiﬁHHx 1 iHe-
PUIHHHX CHMT i1 3acHOBaHe Ha JI0ZIATKOBOMY  3BOJIOXKCHHI 3a0pyAHEeHHX
MHIOTra30BUX CyMIlleld Pi3HUMH pigHHaMH (BOAOH, po3uMHaMU JIyTiB i
kucnor). Take 3BONIONKEHHA cOpuUAe Koaryasauii Kpanenb i 30iMblienH:0
OJIOKIB TBepOMX YACTHHOK IHCNEpcHOI (asH, a Takok HOJAIBLIOMY IX
0cinanHo aGo yNOBIOBAHHIO.

N
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ENeKTpHYHe OYMIIEHHS TyMaHiB KHCIOT abo muiorazoBux HC
4aCHOBAHE Ha 10HI3aLll MOJEKYJI ra3y, 3apaIXKaHHI 3BAXEHUX YAaCTHHOK Ta
xpaneib mucrepcuol hasn €NEKTPHYHUM 3aPAOM 3 TOJIaNbIINM ocijgaH-
gAM IX Ha 0Ca/PKYBATBHOMY €JIEKTPOI.

AKYCTHYHE Ta YJbTPa3BYKOBe OUYHIUEHHS TYMaHiB Ta Nunora-
zoBMx HC 3acHoBane Ha xoaryisauii Ta yKpyITHEHHI 4acTHHOK B OJIOKH mij
JI€F0 aKYCTHYHUX KOJMBaHb 3BYKOBOI a00 y/IbTPa3ByKOBOI YaCcTOTH.

IToBHOTa po3zpineHHs HC Bu3HawaeTbcd 3a AONMOMOTOI0 KoediuieHTa
eekTHBHOCTI ke, %!

ke =(Ggy/Gyy)-100, (5.8)

ge G Guy — Maca 4aCTMHOK AMcrepcHoi ¢asy, o BHAINEHI B IPOLECi Ta
HaJxo4dTh B anapart pasoM i3 HC ianosinxo.

Bubip crnocobir pozminenHs HC i obnajHanHa A JOCArHEHHS i€l
METH BU3HAY4€TbCA B 3a7I€)KHOCTI BiJl MOJANBIINX TEXHOMOTIYHUX 3aB/aHb,
POTY>KHOCTI YCTaHOBKH i IIOBHOTH PO3/IICHHS.

5.3 MarepiaibHuil 6anance npouecie pozainenns HC

MeTolo npoBeACHHS TiAPOAUHAMIMHOTO MPOLECY € PO3ALNEHHA NovaT-
koBoi HC ma oxpemi dasu abo oxepxkanns i3 okpemux ¢a3z Hosoi HC, 36a-
raueHolo ojHiero 13 ¢az. 30kpeMa, MpH PO3AITICHHI CYCIEH31H OIePKYyIOThb
BOJIOLi Ocanm, 3rymieHi cycnensii, nyJabnn a6o muiamMu, o CKAaAalTh
noBy HC i3 6is1b111 BUCOKHM BMiCTOM TBep/o0il (asu.

[HIWUM OPOAYKTOM PO3/INEHHS CYcreH3il € ocBiT/ieHa pianuna ¢asa,
0 MOXKE BMIlIYBAaTH ApiOHOAMCIIEPCHI YACTHHKH B 3HAYHO MEHIUIH Kilb-
KOCTi B NIOPiBHSHHI 3 TOYATKOBOIO CYCIIEH3I€L0.

Hesanexuo Bin cnocoby posainenns HC 3aBxay MOXXKHA CKJIAaCTH CHC-
TeMYy piBHfAHL MaTepianbHUX OajaHciB 1 po3paxyBaTH Macd abo Macobi
BUTPATH, a Takox 00’eMu (200 00’ eMHI BUTPATH) OfepKYBaHHX NMPOLYKTIB
3 ypaxyBaHHSM [OBHOTHU IXHBLOIO po3/ICHHS.

Po3rnsHeMo JeTanbHO Tmpouec po3i-
nenns HC na npuknaai npouecy BiacTo-
IOBaHHA CYCIeH3il y BiACTIHHUKY mepi-
onnyHoi aii (auB. puc. 5.2).

Pucynok 5.2 - Cxema matepianbHHX
NOTOKIB NpoUecy po3aileHHS cycneH3ii y
BiACTIHHUKY
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Hexait y BincTifiHuk 3aBantaxeHo G KT OYaTKOBOI cycrnieH3il 3 BMic-
TOM y Hiit AucnepcHol TBepaoi ¢asn X., % Mac.

B pesynbrati npoBe/ieHHs polUecy po3aiieHus orpuManoi G, KT BOJIO-
rOTo 0Caay 3 BMICTOM Y HBOMY TBEepRoi da3zu X, % Mac., a TakokK Gy Kr
OCBITJICHOT Pi/IMHH 3 BMICTOM Y Hill 1ucnepcHoi TBepaoi pazu Xy ,% Mac.

3a BiACYTHICTIO BTpaT (a3 y CHCTEMI MOXKHA CKJIACTH AeKiJIbKa PiBHAHD
MatepianbHUX OaaHCiB, a caMe 3a IIOTOKaMHU (IOYATKOBUMH i KIHLIEBHMM),
3a OKpeMHMH ¢a3aMH, 1o BxoauTs y ckian HC.

MarepianpHuii Ganasc 3a NOTOKAMH 7S BCiX IPOAYKTIB

G, =G, +G,, (5.9)
MaTepiabHAH OanaHc 32 IUCIEPCHOK - TBepaolo ¢a3o10
X X X ‘
=G, == +G, —, (5.10)
100 °100 100
marepianbHUH OanaHc 3a AucHepciiiHUM cepeloBUINEM — DIIHHHOIO
¢azoro

100 — 100 -x -
C( X°)=Go( °)+Gm(100 xx)
100 100 100
Higcrasusiuy B piBuadHA (5.10) i3 piusHEA (5.9) Gx=Gc — Go i
pPO3B’A3aBLIM HOT0 00 MACH BOJOIOI0 0CaLy, OTPUMAEMO

6. g, B

C (Ko Xy)

AHaNOrIYHAM METOJIOM, ITiJICTABUBILN MAacy BOJIOIOFO OCajy i3 piBHSH-

Ha (5.9) Go=Gc — Gx y piBHaHEA (5.10) 1 po3B’a3aBMmM HOFO MOA0 MacH
OCBITNIEHOT PiHHY, MAEMO

Gy =G,

(5.11)

(5.12)

~Xc)
( ~Xx)

Macy no4atkoBOi cycreH3sii, BOJIOroro ocaiy Ta OCBITJIEHO! piIuHU
MOKHA MOJATH 4Epe3 BiANOBiAHI 00’€MM, AKIO BUKOPHCTATH BIAOMY
3aIeXKHICTE AN OZHOpinHoro cepenosuma V=G/p .

3 ornsimy Ha ToH (akt, 10 AUcTepcHa (a3za He PO3UUHAETECS B PiJHH-
Hilt ¢asi i 3aransHui 06’eM HC nopisHIoe cyMi 06’°eMiB okpeMux ¢a3z, 1o
BXOJATH 10 CHCTEMH, 3HaHIeHO 00’ €M NOUATKOBOT CyCNeHsii, o JOpiBHIOE

B _Gexe | G (100-x)

Ve=Vi+Vye = +
€T T 100 100
Pr Pe

ae Ve, Voo — 00°eM pigunHol i TBepnoi ¢da3u y rnoyaTkoBil CycreHsii;
Pe, Pr — TYCTHHA piAKoi i TBepol a3y BILMOBIAHO.

(5.13)

, (5.14)
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ITonibHUM MeToAOM 3HAHAEHO 00’ €M OTPHMAHOIO BOJIOTOrO OCady

: G G, (100—
VooV +v, = 0¥ GoU007X,) (5.15)
100p, 100p,

1€ Vo, Vio—00’eM pinkoi i TRepsiol $asu y BOJIOroMy ocai.

5.4 Kineruxa rpaBiTaniiiHoOro ocizaHHsl YaCTHHOK

TMpotlec CTHUCIOTO OCiIaHHS YacTHHOK y Mo Al rpaBiTalifiHUX CHI
HA3MBAETHCA BiICTOOBAHHAM.

Ocinanns vactuHok y HC BinbyBaeThes 3a 3aKOHaMM MaiHHA Tin y
CEpeNOBHIII, 10 YHHHTH OMNip IXHBOMY PyXOBi. YaCTHHKH, IO OCIRANOTH,
Ha MOYAaTKOBOMY BiPi3Ky (Ha BXOJl B amapar) pyXaloTbCs MPHCKOPEHO,
ane Jepes JEAKHH MPOMIXOK ¥acy, KOJM BinOyAeTbCS BPIBHOBaKYBaHHsA
AITOYMX CHJI, HIBHAKICTH OCigaHHs HaOyBae cranoi BeIMYMHH i OTpHMana
HAa3BY UIBHAKOCTI piBHOMiIPHOTO (aBTOMOJIENIBHOIO) OCIJaHHS.

3BuuaiiHo, B XiMiuHiii anaparypi poLec KOJIeKTHBHOIO OCiflaHHS Jac-
THHOK TIPOXOJHTh B CTHCINX yMoBax, 60 B HC, sk mpaBmiio, TOCUTE BHCO-
KHil BMICT TBEpAHMX HYACTHHOK, MpPU UHOMY BEJIHKI YaCTUHKM OOTaHSIOTH
igmi Ta 3MyNMOOTH NMOTIK. KpiM TOTO, YacTMHKH OOHAKOBOI BETMYMHH
MaroThb pisHy GOpMy i, K pe3ysbTaT LBOTO, TAKOXK OCIHAITh 3 PI3HHMH
IIBHAKOCTSIMH.

CnoyaTKy DOMOBHMOCS, 110 B AUCTIEPCIHHOMY CEpelOBHIII BMICT JHMC-
nepcHoi a3y HeBEIMKHH 1 CTHCIHMHM YMOBAaMHU OCilaHHA Ha WiH cramii
MOJKHA 3HEXTyBaTU. Toal MOXKHA BBAKATH, IO B PIAKOMY CepeOBHIIL mig
Ji€l0 Pi3HMX CHJ BiNBHO OCIAAIOTH YAaCTHHKH cepudHoi GopMH OIHAKOBOT
TYCTHHH 3 BiJIOMHM CEPEIHIM /[iaMeTpOM 3€peH.

Pucynok 5.3 - Bianue ocinanns
YACTHHOK Y piuHi:

a - CHIIH, 1O JIFOTh Ha chepHuHy 4ac-
THHKY; 6 — oOTikaHHA B naMiHapHOMY
pexuMi; B — 0OTiKaHHs B TypOyIEeHTHOMY
pexuMi

TIpu BinbHOMY TrpaBiTaniiiHOMy
oCimaHHI OAWHOYHOI cepuyHol vac-
THHKHU B HEPYXOMIiH piauHi 3i cranow
IIBMAKICTIO Ha YacTHHKY IiIOTh TpH
BUAHM cunl (IUB. puc.5.3):

a) cuiIa TSOKIHHSA, SKa JOPIBHIOE Ba3i YaCTHHKH,

P=Gq=mg=T“pqg; (5.16)

———
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6) cuna nigHiManeHa (apxiMeaoBa) — BHLITOBXYBAalIbHA CUJIAa CEPENO-
BUII, 10 JTOPIBHIOE Ba3i PiAMHH, BATHCHYTO! YACTHHKOIO,
3
nd;
g P8 (5.17)

B) CHJIa OTIOPY CEepeJOBHIA, LIO BUABJSIE CBill BIUTMB NIPH pYCi YaCTHH-
KM B MOTOL, i JOPIBHIOE

A=G, =

2 2
nd W
Ty P’ Wo (5.18)
4 2
ae & — koediuieHT OMmopy MpH OcifiaHHI YaCTHHKH; W, — IIBUIKICTh PIBHO-

T=¢

MIpHOTO OCiJaHHS YaCTHHKWY; nd?,/ 4 — mmoma nmpoekuil (MineniB nepepis)
cepuuHOi YACTHHKM Ha TUIOMIHHY, NEPHEHIUKYISAPHY 10 HANPAMKY OCi-
JaHHS.

Crasie piBHOMIpHE OCilaHHS YaCTMHKH 31 CTaJIOI0 IIBHJIKICTIO BinOyBa-
€TLCS TOJI, KOJIM CUJIa Bard BPIBHOBAXKY€ POTUNIEKHO HAIPAMIICHI CHIIH —
NiAHIMajIbIY 1 ONOPY cepenoBuLLa, TOOTO

P=A+T. (5.19)

Migcrasusiun 3anexunocti (5.16) — (5.18) vy piBuauusg (5.19) i pos-

B’5I3aBIUM HOro MO0 IIBKWAKOCTI BITBHOTO OCiIaHHS YaCTHHKH, OTPUMAIH

w?= 4d,8(py=pc) (5.20)
3 é Pe

4d'~[g(pq R pc)

3 é’; Pe

Yucnosa BenuumHa BXimHOro y dopmynu (5.20) — (5.21) xoediuienra
OIIOPY CEpPEeNOBHILA 3aTECHKUTh Bil PEKHMY OCITaHHA, WO XapaKTepH3Y€ETh-
¢ MoU(GikoBanuM 4uciioM Peiinonpaca Re, = w, dy pe /1.

Qopmyny (5.21) y npakTHUHWX po3paxyHKax He BHKOPHCTOBYHOTb
qepe3 CKIaJHOCTI y BU3HAUEHHI 3HAYeHH Koe(ilieHTa OITopy YaCTHHKH.

Ilpn ocijianHi yacTUHKW B JamiHapHomy pexumi (Re,<2) na mBui-
KICTh OCiaHHS TMEepeBaKHO BIUIMBAIOTh CHJIH B’A3KICTHOI'O TEpPTH Cepeno-
BHILA, IPH LbOMY KOEDillieHT onopy & =24/Re, .

Crilikuit TypOy/JIeHTHHIl pesKHM OCIJIaHHS YaCTHHOK XapaKTePH3YEThCs
NIePEeBAKHHM BIUIMBOM iHEPUIHHHX CHI i CYNPOBOIIKYEThCS YTBOPECHHIM
BHXODY 32 YaCTHHKOIO, L0 pyXaerbcs. Takuil peskHM CHOCTEPIracTbcs B
nianasoni uucen Re,>500, npu usoMy koediuieHT onopy nopisuiwoe £=0,44.

Jns nepexiiHoro pexumMy oCifaHHi, 110 XapaKTEPU3YETHCS CIiTBHHM
BIUIMBOM B’A3KICTHMX Ta IHEpUiHHMX cusl y Aiana3oHi uyucen 2<Re,<500,
koediLieHT OIOpY BH3HAYAETHCA MepeBaXcHO 3a GopMmynor AeHa, mpu
upomy & =18,5/Re®. Cepen inmux dopmyn simomMa =10/ Re™ .

(5.21)

96 Pozoin 5



Y BiacTidHHMKax, AK [paBWIO, OCITaHHA YacTHHOK BinOyBacTbCa B
CTHCIIMX YMOBAX, KOJIM YacTUHKH CTHKAalOThCA 1 3IIITOBXYIOTHCSA, MpPH
HbOMY Ha HUX JUIOTH JIONATKOBI CHIIM, 00yMOBIIEHI 3iIITOBXYBAHHSIM i Tep-
TAM MiXK YacTHHKaMH. BenuuuHa nux CHUJ 3HaXOAUTLCA B CKITAHIH 3aiex-
HOCTI Bix 00’eMHOi KOHLEeHTpalii YacTHHOK abo Bix 06’€eMHOro BMicTY
pianan B HC.

OG6’emuuit BMICT piakol (a3u B cycreHsii, sKHH Ha3BajJH [OPI3HICTIO
(IpO3IPHICTIO) NPOLIAPKY, JOPIBHIOE

e= VSV, =V (V. +V),
ge Ve, Vi, V; - 06’eMH cepe1oBHIIa, NpolIapKy i TBeproi ¢asu BianoBigHo.
VY 3B’43KY i3 3a3HAYEHHUM LIBMAKICTH CTHCIOrO OCIIAHHS YaCTHHOK 33B-
Y MEHIIA BiJ IBHIKOCTI BITBHOTO OCIIaHHA OUHOYHHX YACTHHOK.

VYcepenneHy (NO3ipHY) T'YCTHHY CycneH3il y IObOMY BHIAAKY MOMKHA
BH3HAYMTH 32 POPMYJIIOI0

p=prp/lpr—p)x+p,], (5.22)
BIJITOBiHO Pi3HHUILIA TYCTHH TBepAOl i piaxoi ¢ha3 AopiBHIOE
P.(P—pe)
(pT—pC):;' (523)
p-x

Jlist MajOKOHLEHTPOBAHUX CYCIEH3iH, komu £>0,7, IHBHAKICTE CTHC-
JIOTO OCiHaHHs YaCTHHOK JUIsl JaMiHapHOT 001acTi 1OPiBHIOE

Wep =WoE2- D, (5.24)
ge @, — daxrop cTHcHoCTi, Wo nopisHioe O(g) = 1/ 101819
Jl1s KOHLIEHTPOBAaHWX CycneH3ii, komu € < 0,7, MBHIKICTHL CTHCIOTO
OCiIaHHs, JOPIBHIOE
Weo=Wo[0,123€%/(1- €)], (5.25)
Je W,— IIBUJKICTb BITBHOTO OCIZIaHHA CHEPUUHHUX YACTHHOK.

5.5 KpurepianbHi piBHSIHHS ISl PO3PaxXyHKY WIBHAKOCTI
BiJILHOIO OCIJAHHA YACTHHOK Yy NoJi rpaBiTAliHHX CHA

VY npakTHYHHX pO3paxyHKax BHUKopHcTaHHS dopmynu (5.21) yTpyaHe-
HO BHACIIJIOK HEMOXJIMBOCTI 0€3M0CepeNHEO BUHAYMTH PEXUAM OCiJaHHA
YaCTHHOK, TOMY OUIBLI 3pYYHHMHU € KpHTepiaibHi PIBHAHHS.

JomHoxuMo 00MABI YacTHHU piBHsAHHA (5.20) Ha KOMnnechipg/pz , 1

OTprMaeMo (YHKIIOHAIbHY TOTOXKHICTD
dipewo _ 4dugp(Py—pc)
W 36’

AKy 3BCACMO J10 KPUTEPianbHOT GOpMH Y BHIJISAAL

, (5.26)

| —
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Re2 =L Ar, (5.27)

38

dig'pc(pq_pc)
0

Kpurepiii ApxiMesna JUis IpoLeCy IpaBiTalliiHOroO OCifaHHA € BH3HA-
YeHAM, TOMY [0 BiH CKJIQJCHUI i3 BiIOMHMX BENHYMH, IO BXOIATH N0
YMOB OHO3HAYHOCTI, HOTO MOXKHA MOJATH Y BUINIAML MOXIIHOTO KPUTEPiIO
Re? (py—p)

Fr Pe
CHIIM 1 CHJI B’A3KICTHOrO TEPTA JUIA YACTUHKH.

PigusiHHs (5.27) na3uBaeThes YHiBepcaJbHHM KpHTepiajJbHHM piB-
HSTHHAM JULS OCIJaHHs YaCTHHOK Y TIOJi Aii rpaBiTalliftHUX CUIL.

SIKIO MiACTABUTH B PIBHAHHSA (5 27) 3HAYEHHS BETHYHHH Koe(buneHTa
ONIOpY AU NTaMiHAPHOro PEXUMY i PO3B’A3aTH HOro WOHO HIBUIKOCTI OCi-
naHyds, otpumaemo Gopmyny Crokca
=d5g(Pq—Pc) ) (5.28)

18
Axwo B piBHAHHA (5.27) nigcTaBUTH KPUTH4HI uncna PefiHonbaca i
3HaYeHHA KoedilieHTa ONOpY IS BIANOBIAHMX PEXKHMIB OCIHaHHSA, TO
MOXKHA 3HAUTH 3HAYEHHS KPUTHYHHX 4duces ApxiMena, NpH LUbOMY OTpH-
MAaHO: JJIs TaMiHApHOro pexuMy Ar < 36, BiANOBiAHO A/1a TypOYIEHTHOTO
peskaMy Ar >84000.
[TincraBnsitoun B piBHAHHA (5.27) 3HaueHHs KoedillieHTa omopy A
PI3HHX PEeXHMMIB OcifaHHA CHEPUYHHUX YACTHHOK i BU3HAYAIOYU PiBHSHHA
BiJIHOCHO uucna PeitHonbaca, OTpUMaHO:

ae Ar—uucino Apximeaa anf KyJabOBOI YaCTHHKH, Ar =

Ar= , 10 € MIpOIO CMIBBIAHOLICHHS CHJT TKIHHSA, NIIHIMAIBHOT

(o]

- TS AaMiHapHOTO pexuMy mpi Re, <2 i Ar<36
Re, =0,055Ar; (5.29)
- TSI TIEPEXiHOTO pexchy npu 2 < Reo <500 1 36 <Ar<84000
=0,152Ar""" (5.30)
- s Typ6yneHTHor0 pe;ngy npu Reo> 500 i Ar> 84000
Re, = 1,74Ar" . (5.31)

Pipusnng (5.29)-(5.31) Ha3uBaOTb KPUTEPIATTBHHMM [IOJO OKPEMHX
BUNA/IKIB BUILHOTO OCIJAHHS YaCTHHOK Yy MOJI Aif rpaBiTallifiHAX CHIIL.

5.6 AnNropHTM pO3pPaxyHKY IIBHIKOCTI ocinaHHs
32 JONOMOIOI0 KPpUTEpiaJIbHHX PiBHAHL

Po3paxyHOK IUBMAKOCTI BilbHOTO OCIJIaHH OJMHOYHHX YACTHHOK Y
o 1ii rpaBiTaliifHUX CHJI 3BOJAUTHCSA O TAKOTO allrOPUATMY:

- BHU3HAUEHHS PEXHMMY OCIJaHHA YacTOK 33 YMCIOM ApXiMmena, mnpu
UBOMY s uMcen Ar<36 pexum OCiIaHHA JaMiHapuuii, QIS 4ucen
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Ar> 84000 pexuM ocigamHs TypOYJNeHTHWH, B IiHTepBali uHcen
36 <Ar < 84000 pexuM ocinanHa nepexiTHHHA;
- BUGIp oJHOro 3 Kputepiaapnux piBHAHB (Gopmymn (5.29)-(5.31)) ans
3HaHIEHOTO peXXUMY OCIIaHHs i po3paxyBaHHs 3a HUM uHcna PeliHonbaca;
- pO3paxyBaHHA TEOPETHYHOI IUBHAKOCTI BinbHOro ocifaHHs cdepudnoi
4aCTHHKH Ha OCHOBI OTpHMaHoro uucia PeitHonbaca 3a ¢opMyioro
_Rey-p

dype
INpakTUyHy MIBHAKICTH BIILHOTO OCIAHHSA YAaCTHMHOK O€pYyTh TaKoOM, IO
JOPiBHIOE MMOJOBHHI BiJ] TEOPETHYHOI !
Wor = 0,5 W, . (5.33)
HIBuaKicTh OCiZaHHA Hec(hepHYHUX YACTHHOK MEHIUA, HDK KyJIACTHX, i
BPAXOBYEThCs 3a JONOMOrol koedilieHTa chepruynocTi

(5.32)

Wo

Won =W Wy (5.34)

IIpu ocimanHi KOHLEHTPOBAHMX CYCIIEH3IH y CTHCIHX yMOBax Le Bpa-
XOBYIOTS 3a jorioMororw dopmyn (5.24) - (5.25).

YV AeAKux BUMNAAKAX BHHHMKac HeOOXiTHICTH BU3HAYMTH CKBIBaJICHTHUIA
ZiaMeTp JApiGHHX YaCTHHOK, IO OCiAAI0Th 1 JUI AKHX eKCIIEPHMEHTANBHHM
LIITXOM BU3HAYEHA WIBHAKICTL OCIAaHHA.

VY noaibHux BUNanKax BU3IHAYAILHUM KPUTEpieM € NOXiTHUHA KpuTepiii
JIamenka (Ly), 1110 BU3HaYeHHi 32 HOPMYII0I0

3
Ly = ReYAr =——2Pe (535)
g H(Pq ~Pec )

Migcrasusuia y GopMyity (5.35) 3HaYCHHSR KPUTHYHUX dHcen PeifHob-
Jca Ta Apximela AN PI3HUX PEXHMIB OCiIaHHS, OTpPUMaHi BixnoBigHi
3HAYCHHA KpHUTHYHMX yHcen JIsmeHKka IS Pi3HUX pexUMIB:

- A4 naMiHapHOTO pexxumy Ly=2%/36=0,222;

- 115 TypGyMeHTHOTO peskumy Ly=500°/83000=1490;

- Ans nepexigHoro pexumy 0,222< Ly <1490.

Kpim Toro, MoxHa oTpuMaTi Oe3nocepeHi KpuTepiaabHi PiBHAHHA IS
OKpeMUX pexHMiB ocinaHusa, mnoaani uepez kputepii Re=f(Ly) abo
Ar = fi(Ly). 3po6uBIIH TaKi epeTBOPEHHS, OTPUMAHO:

- IS TaMiHAPHOTO PEXUMY OCITaHHS

Re=(18Ly )** = 4,24Ly"’, (5.36)

Ar=(18’Ly )** = 76,4 Ly*’; (5.37)
- 105t TypOyNEHTHOTO PEXUMY OCilaHHA

Re=0333 Ly, (5.38)

Ar=0,333° Ly* = 3,69-107 Ly~ (5.39)
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Ha puc. 5.4 moaani rpadiyni 3anexusocti kputepito Jlamenka Bij KpH-
TepiiB ApxiMena ta PefiHonb/ca.
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Pucynok 5.4 — 3anexnicts uncen Jlsmenka ta Peiinonanaca
BiJ uncIa ApxiMena A cpepHYHHX YACTHHOK
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Busnaunsim gucno JIsuienka 3a popmyiomw (5.35), MoxHa 3a 0MoMo-
roi0 puc. 5.4 3HaHTH yucao ApxiMmena a6o uucno PeitHons/ca ta oGunciu-
TH €KBIBaJICHTHHH JlaMeTp YaCTHHOK 32 OAHI€I0 i3 hopMy:

d=Reu/wp, (5.40)
d = [Arpgp(p—p)]*? . (5.41)

5.7 IlpoaykTHBHicTh BiAcTiHHHKIB

Jns po3fiiieHHs HEOJHOPIAHMX CHCTEM IIMPOKO BHKOPHCTOBYIOTH Bif-
CTIHHUKH, 100 KO3BOJAIOTH [IOPIBHAHO MPOCTO [IPH MAJMX €HEPreTHYHHX
BHTpaTax 3po0UTH I0NepeHe YacTKOBE PO3AIIEHH HJIOra30BHX CHCTEM,
cycIieH3i Ta eMyIIbCiii.

CyTHicTp mpouecy BIACTOIOBAHHA IOJIATAE B TOMY, IO HEOAHOPLIHY
CHCTEMY 3aBaHTaXYIOTh B anapar - BiACTIHHUK 1 3a1MIIAI0TE Ha AKHICE Yac
y CHOKiHHOMY cTaHi (B amapaTax nepioguyHoi nii), IpH LBOMY mig Ai€k0
CHJI TSDKIHHA (aza 3 OinpuIor rycTHHOK (Baxkka (asa) ocisae i KoHIeHT-
PYETbCA B HMIKHIH YacTHHi anapara, a jierka ¢a3a oCcBIiT/IHOETbCsS abo 36u-
pacThCa y BEPXHiil wacTHHI amapara. ITicna 3aBepuIeHHs MPOLECY BIICTO-
BAHHs NPOBOIATH pO3AiNeHHA (JeKaHTauilo) ¢a3. Y amapartax Gesmnepeps-
HOI Aii mpoliec po3aineHHs $a3 OPOXOANTH B PYXOMOMY MOTOL, IO MpH
IbOMY YacTHHKU AHCIepcHOI ¢a3m ocijaroTh Ha AHO anapata abo Ha
cnetianbHi npuctpoi — momui. TTorHOTA posainenHs HC B uux anaparax
HIKYA, HiX B anapaTax nepioguyHol Aii.

OcHogai ymosu posinenss HC y BincTifiHHKax Taki;

- 4ac OCiZaHHJ YACTHHOK B anapaTi IOBHHEH OYTH MEHIUMM abo nopis-
HIOBATH Yacy nepeGyBaHHs CepeloBHINA B HEOMY,

- JNiHi}fHAa IIBHUAKICTH PyXY IMOTOKY CEpeNOBHIIA B anapari NOBMHHA
Oyt Jenio MEHLOM Bif IIBMAKOCTI OCIZAaHHS MAalHX YAaCTHHOK y HBOMY
Ui TOTO, MO0 TIOTIK HE BHHOCHB 13 CO00I0 JACTUHOK, 10 OCINAIOTS.

Y 3B’43Ky 3 THUM, IO B’A3KICTh PITHH 3MEHIIYETHCH 3 IMiIBHILEHHAM
TEMINEpaTypH, TO A7 iHTeHcHDiKauUil npollecy BiICTOIOBaHHA Cycnensiii ix
MOKHA HarpiBaT 1O TEMMEPaTyp, NMPUIYCTUMUX YMOBaMH peamizauii Tex-
HOJIOTIHHOTO MPOLIECY.

By3nayumo 3anexuicts 00’€eMHOI NPOAYKTHBHOCTI amapaTa Bix jioro
FEOMETPUYIHHX PO3MIpIB, LIBUAKOCTI PyXy MOTOKY CepelOBUINA i LLBUIKO-
CTi OCiAaHHS YaCTHHOK,

Hexall y ropu3oHTanbHOMY BIACTIHHUKY SIMHKOBOTO THNY (IMB.
PHC. 5.5) i3 poamipamu LxBxH 10oBHHM MONEpEeYHHM IMEPEPI30M PyXaETHCA
NOTIK cepenoBHINA 31 cepelHbOI0 JIHIHHOK WwBUAKICTIO W M/c, a mBUA-
KiCTh BiNBHOIO OCIAAHHS YaCTHHOK TOPIBHIOE W, M/C.

—
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Pucynwok 5.5 - Cxema poboru

TFOPH30OHTAABHOrO BiACTIHHMKA:
1 | — nonaeanns cycnensii; 2 — B?lIBe-
J€HHS OCBiTNeHOi piamnM; 3 — BliBe-
O JEHHS 0camy
H
] L
B Toni yac nepebyBaHHA MOTOKY
CepeJOBHUIIA B arapaTi JOPiBHIOE
Tpp = L/ w. (5.42)
MakcuManbpHHI 4ac OCiAaHHs YACTHHOK Y BiCTIMHUKY JOPiBHIOE
Ty = H/w,. (5.43)

[Ipunyckarouu, Wwo Yac nepebyBaHHA CepeIOBUIIA B aNapari i yac oci-
JIaHHS YaCTHHOK PiBHI 33 BEIHUMHOIO (IIEepHIa yMOBa yCIHillIHOi pobOTH Bia-
CTiliHHKa), IPUPIBHIOWYH piBHAHHA (5.42) 1 (5.43), orpumanyu

L_H
w W
3 JKOT0 3HaNIIIN
L
W=w_— . 5.44
o (5.44)

3 piBHsHHS (5.44) BHILIMBAE BUCHOBOK, 1110 MPUIyCTHMA JIiHIHHA IUBHA-
KICTh pPyXy B amapaTi IOTOKY CEpPeIOBHIA MOKE IepeBHIIYBaTH IIBHI-
KIiCTh OCiTaHHS YaCTHHOK YCBOTO B JIEKiJbKa pa3iB — He Ginblle HiXK BiAHO-
1IeHHs po3Mipis anapara (L/H).

O6’eMHa NPOAYKTUBHICTB, m>/c, BincTilinuka, poO3paxoBaHa JUIsl IOTOKY
CepeloBHIIa, IO PO3ALIAETHCSH, AOPIBHIOE

V.=BHW.

[MiacTaBisiovy 3HAYECHHA AONYCTHMOI MIBUAKOCTI MOTOKY 3 PiBHIHHSA
(5.44), otpumanu

VC:B-H-WO%=WOB-L. (5.45)

PisHstHHA (5.45) n03BONsIE 3pOOUTH FONOBHHH BUCHOBOK 100 00’ €MHOT
NPOAYKTHUBHOCTI BifCTIHHHMKA, a CaMe — BOHA NpPSAMONpPONOPLIHHO 3alie-
SKMTDH BIJ HIBYWAKOCTI OCiJaHHg YacTUHOK Ta IO BimcTifiHMKa B NaHi 1
HE 3a7EXHTh BiJ HOTO BUCOTH.

Leit pamauBHii BHCHOBOK JO3BOJIA€ KOHCTPYIOBATH i 3aCTOCOBYBATH Ha
OpaKTHL KoMnaxkTHI 6araTornosiMyHi BiACTIHHHKH 3 BEJHKOI 3aTajbHON
[UIOILEIO OCi/laHHA B OAMHHUII 00’eMy anapara, abo KOHCTPYIOBATH 1 €KC-
MIyaTyBaTH GaraTofpycHi BepTHKAbHI BiACTiHHUKH.
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5.8 PospaxyHok miIomi ocitanns BincTifiHHKa

Ha npakTtuni BHHHKa€ HeoOXigHICTh Migibparu BixcrifiHuk abo po3pa-
XYB4TH HEOOXIAHY IJIOUly OCifaHHs BIACTIiHHKA Ha 3aJaHy NPOAYKTHE-
HicTh i3 HeobxinHOMO moBHOTO po3minenHs HC, o 3anaHa kiHuesUM
BMiCcTOM TBep/0i ¢a3H B MPOCBITIEHIH piguHi.

Hexait y BepTHkaisHOMY BiCTiltHMKY Ge3nepepsHoi il (muB. puc. 5.6)
HanxoauTh G, KI/c cycreHsii 3 I0YaTKOBUM BMIiCTOM Y Hilf YaCTHHOK TBep-
Joi daszu x. ,% Mac., BMICT 4aCTHHOK TBepIoi a3k y BOJIIOIOMY OCaaKy
JOPiBHIOE X, ,% Mac.

Gc, Xe ™}
-l_l-

[ |

Pucynok 5.6 - [Io po3paxyHKy mJomi
GM.‘ ocizanus BiacTifiauka
- . »
4 'l Xare

ol

}
Ql-u

~

' [HeuakicTs ocifaHHS 4aCTHHOK po3-
PaxOBYIOTh 3a MiHIMaJIbHUM AiaMETpOM
YaCTHHOK, 110 MOBHHHI OYTH BiJxiIeH] y
BIACTIHHHKY. 3 Li€10 METOIO0 BUKOPHCTO-
BYIOTb KpHTepianbHi piBHAHHA (5.29) -
‘ GO, Xo (5.31), npu usomy BapTO BPAXOBYBATH
opMy HaCTHHOK, IO OCIAKOTE.
Yactuuku OyayTs OCiZaTH y BUCXIAHOMY HOTOLI PiJMHA B TOMY BHIa/-
KY, SIKIIO IIBUAKICTE MOTOKY He 6y11e TepeBHLIyBaTH IIBHAKICTD OCiIaHHS
YaCTHHOK, TOOTO YMOBOIO 33aJ0BiIbHOI po6GOTH BiACTIMHHKA € 3aJIEXHICThL
Wo 2 Wy .
O6’eMHa NPOAYKTHBHICTh BiAACTIHHKA OO TIPOCBITIEHOT PiIHHH
Ve =wy Fy,

3BIIKH
V
— [
=, (5.46)
WB
le F, — ruloma NMoONepeyHoro Iepepisy, WO AOPIBHIOE PO3PaXyHKOBiH
mIoul OCaMKEHH BiJCTiiHMKA.
O6’eMHy BUTpaTy NpOCBIT/IEHO! DIAMHH MOXHA 3HAHTH 3 PIBHAHHA
(5.13), npu upomy
V. = G)l( _ Gc . (xo_xc)
C - 5
PP (Xo—Xy)
A€ X, Xx, Xo- KOHLEHTpALIA (BMICT) TBEPAXUX YaCTHHOK Yy CYCIIEH3ii, OCBIT-
NeHi# piauHi T2 Y BOJIOTOMY 0Cajli BiAlIoBiaHO.

(5.47)
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[Tigcrasnsgouu B piBHAHKA (5.40) 3HAUEHHS W,=W, i 00’€MHOI BUTpaTH
piauHH V. i3 piBHAHHSA (5.47), a TakoxkK JONYCKAKYH X, = 0, OTpUMAIIH

G c (1 - X_c)
F, = %o (5.48)
Wop

@opMmyay (5.48) MoxKHa BUKOPUCTOBYBATH /Ul PO3PAaxyHKY TUIOLIL Bif-
CTiiHMKA NepioAHYHOT aii, TOMY L0 B HROMY IPAaKTHYHO Maiike BiACYTHii
BHCXIZHHIA MOTIK OCBITIEHOI pPLAMHM.

s sincrifiHuka GesnepepBHO! fnif Tpeba BpaxyBaTH IIBHAKICTH
BHUCXIZIHOTO TIOTOKY piawuu, 1O AOpiBHIOE Wy=0,75W,, a TakokK CTUCHi
YMOBH OCiZaHHS Ta HEOXHOPIOHMIA AMCIEPCIMHMH CKIaJl YacTHHOK, 110
ocigaroTs, ToMy B MPAKTHYHHX PO3PAXYHKaX BUKOPUCTOBYIOTh (OPMYILy

F0=1’33G°(1 X,/ xo). (5.49)
_ Wop

BijicTiHHUK BHOHPAIOTH 3riJIHO 3 PO3PaXOBAHOIO ILIOUIEHO 1 IPHBOAATE Y
Bi/IMTOBIHICTD JIO pO3MIpiB CTAHAAPTHHUX arlaparTis.

3arasipHa (MOBHA) BHCOTA BICTIHHHKA CKJIAZA€ThCS 3 BHUCOT OKPEMMX
30H, a came: a) 30HH xusaeHHs (0,3-1 m); 6) 30HU OCBIT/IEHHS — BJacHe
30oun ocinanus (0,3 - 1,8 m); B) npomixHoi 308H (0,3 - 0,5 M); T) 30HH
yuiinsHeHHs Boaororo ocaxy (0,5-1 m).

BicoTa 30HM yIIiNbHEHHS OCamy 3aJIeXKUTh BiA 4acy mnepeOyBaHHA
[OTOKY CycrieH3il y Biacriiinnky (3Buuaitao 0,3 - 0,7 roauHu) i Moxe OyTH
po3paxoBaHa 3a GopMyIo0

G,T
H, =—22 | (5.50)
PsoFo
JIE Py — I'YCTHHA BOJIOIOrO OCajdy; T,, — 4ac nepebyBaHHS cycneHsii y
BiACTiIRHUKY.

Ipuxaan 5.1 [l OCBITICHHA BOAHOTO PO3UMHY KaM’sfiHOI coxl y BHpoO-
HUIITBI KanLuHHOBanm COM BHKOPHCTOBYIOTh BiICTIHHUK, IO SKOTO NOIANOTh
V=15 M’ PO3UHHY COJli I'YCTHHO p;1200 Kr/M’ npu Temnepatypi 18°C, y SIKOMY
3HaXOJATHCSA YACTMHKH KapOOHATY KaNlbllil0 TycTHHOW p,~2400 KI/M° Ta niamer-
poM d,=12 MKM 3akpyrieHoi (opMH, B’A3KicTh pozuuHy p=1,8 cIl. [TouaTtkora
KOHIIEHTPallist TBepAoi (azu B po3uuHi cxnanae X, = 3,2 %, BONOTICTH OTPUMAHOro
IryLieHoro ocany ckragae u= 72 % (% mac.). Buznauuts niametp Bijcriiinuka ta
HOro NpoayKTHBHICTE WOAO TBePAOT (asy Ta 3rylieHoro ocany.

Po3p’a3anna. 1 3HalineMo pexMM OCi{aHHS YaCTHHOK Y PO3YHHI 33 JOMOMO-
rol KpuTepito ApxiMena — ( aus. piBHaHHA (5.27)):

2 _
Ar=d3gpc(py ~po)/n? =

= (12:107%%:9,81-1200(2400 —1200)/(1,2 107*)* ==0,017.
Yucno Ar < 36, TOMy pesxuM OCiIaHHsI YaCTHHOK NaMiHapHMil.
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2 Jlns naMiHapHOTO PEeXHUMY BHKOPHCTOBYEMO KpUTEpiallbHE ?iBHHHHﬂ (5.29)
1a 3Hadaemo uncno Pelinonsaca Re,= Ar/18 =0,017/18 =0,94-107.

3 BH3HAYUMO TEOPETHYHY IMIBHAKICTL OCIJAaHHS YaCTHHOK KYJIACTOI (hopMH 3a
piBHsHHAM (5.32):

wo=Reyit/ dyp. = 0,94-107:1,2-107 /121071200 = 7,8:107° m/c.

4 JlificHy MIBHAKICTh OCITAHHA 3 ypaxyBaHHAM ()OPMH YaCTHHOK 3Haiaemo 3a
piBHIHHAM (5.34):  Wo, = 0,5woy = 0,57,810°0,8 =3,13:10° wm/c.

5 BU3HaYMMO MacOBY BUTPATY NOYATKOBOI CyCIEHS3IT:

G.= V-p, /3600 = 15-1200 /3600 = 5 kr/c.

6 Bu3HauuMo NPOAYKTUBHICTE BiACTIHHMKA IMOZ0 TBepO! (ha3u 3a piBHAHHAM

(5.12), pomyckarHdH, WO B NPOCBIT/IEHIA PiMHI BincyTHS TBepaa da3a. Toni
G, = Gex, = 5:3,2/100 = 0,16 xr/c = 576 kr/r.

7 BH3HAYUMO NIPOAYKTHBHICT BiACTIHHKA 100 BOJIOTOTO OCady 3a piBHSH-
HAM MaTepiaipHoro SanaHcy 3a Teepoto $ha3oro, 10610 Gr=G,y(1- u/100), 3BimKH
Gy = G /(1-w/100) = 0,16 /(1-72/100) = 0,5714 kr/c = 2057 kr/r .

8 ITnouy nOMEPeYHOro mepepisy (IUTOIY OcajKeHHs) BIACTIHHMKA 3HAXOIHMO
3a gpopmynoro (5.49):
133G (1-x. /%) 1,33-5(1-3,2/28)

Won ' Pe 3,13-107 -1200
9 Bu3nauuMo aiaMeTp BiACTIHHNKA 3a GOpMyIo0

D:\/ﬁ: 41568 1w
n 31415

Bianosian: NMpoAyKTHBHICTB BiACTiHHMKa mozmo TBepaoi daszu G,=576 xr/r,
mo0 Bogororo ocany Gu,=2057 kr/r, miamerp Biucrifinvka D = 14 M,

F, =156,8 M°.

5.9 Bynoea i npunuun po6otu BiAcTiiiHUKIB
5.9.1 BiacTilinuku o cycnensii

Biacrifinuku abo 3ryiryBadi 3acTOCOBYIOTH I TIOMEPEAHBOTO PO3i-
JIEHHS Ta MPOCBITIEHHA rpyOOAUCIIEPCHUX CYCIIeH31H.

V HalnpocTilIOMy BHNAAKY BIACTIHHUK sBiIsgEe cobo0 HerauGokuit
OaceliH, AKuil 3alOBHIOIOTH CYCIEH3I€I0 1 BOHA MPOTArOM MEBHOTO 4YACY
BiACTOIOETHCS, MICHIA 3aKiHYEHHS MPOLECY BiJICTOIOBAHHS IPOCBITICHY
PiIHHY 3MMBAIOTh (IEKAHTYIOTH), a ocaj (LIaM) BUBAHTAXKYIOTE V BiABAaT
a60 BHKOPHUCTOBYIOT, SIKLIO BiH MiCTHTh KOPHCHI KOMITOHEHTH.

BepTHkansHHH ORHOApYCHWI BiACTiHHMK Ge3nepepBHOI Ail 3 Mexanizo-
BaHMM BHUBaHT@KYBAHHAM BOJIOIOro ocafy MoKazaHuil Ha puc. 5.7.

Bixcriiinuk ABAs€e coOOK LHMIHAPHYHUN KOPHYC - 4aH JiaMeTpOM Bijl
2,5 1o 60 M i3 TOpH3OHTAILHHM 200 KOHIYHUM JIHMILNEM, i3 LEHTPaIbHUM
a6o nepudepiiiHuM NMPUBOIOM MEXaHI3MY PO3BaHTAXEHHS ocaly. Y Bepx-
Hiff yacTHHi YaHa 3MOHTOBAHHH KiNbLEBHH x0m06, 4yepes OOPT FKOro
NepenuBacThCA OCBITIIEHA PiWHA — 3/IMB. 3aBaHTaXyBalbHa Tpyba po3Mi-
HIyeThC B IEHTPI BiACTIHHUKA i 3araubnena Ha 0,51 M.
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Biacrifinuky niaMerpoM 10 12 M 3BMYaliHO BCTAHOBIIIOIOTH HA OMNOpaXx,
BiICTIHUKH BEJUKHX JiaMeTpiB pobisTe GETOHHUMY i 4acTKoBO abo uin-
KOM 3arIHOIIIOI0TE Y TPYHT.

Pucynok 5.7 - OnHosApycHHii

BiACTIHHUK i3 UEHTPAJLHOIO
rpe6KoBoK MillIaIKOI0:
1 - xopiyc; 2 - KUIBLEBHIA %01100;
3 — Tpyba mnoma4i mMO4aTKOBO!
cycneHsil; 4 - mpHBia Mimanky;
5 - pan; 6 - natpy0OoK 31UBY OCBiT-
nenoi pimuuu; 7 — rpabnuHy,
8 - pO3BaHTaXyBAIbLHUH KOHYC

[TepemiweHns ocany 10 PO3BAHTAKYBAILHOTO MATPyOKa 3MiACHIOETLCS
3a JOIOMOro0 rpabiun 7, WO 3aKpiluleHi Ha BalTy 5, KOJIOBA LIBUKICTH
nepemilieHns rpabnaun Ha nepudepii ckmagae 0,1- 0,2 M/c i MoXe perymo-
BATHCA B 3&JEXHOCTI BiJ po3MipiB BiACTiHHHKA i BTaCTHBOCTEH CyCIIEH3II.
3arajbHa BHCOTA4 BiACTIHHMKIB HOpMani3oBaHa 1 3BHYAHHO CKJIajac
1,8 - 4,5 M, a 10 BIACTIMHUKIB BeaMKHX IiaMeTpiB (moHan® 20 M) MoOxe
gocaratd 7 M. BIACTIHHMKM 3 LEHTpajbHUM NPHBOJOM MOXYTh MaTH
2 - 4 ApycH, WO J03BoJsAe 30UIBIIMTH IPOAYKTHBHICTE anapaTta i 3a HeoO-
XiJJTHOCTI OpraHi3yBaTH NPOMHUBAHHS OCaTy.

JIns mpocBiTIIEHHst BEMMKHX KiNbKOCTeH 3a0pyJHEHMX PiMH 3aCTOCO-
BYIOTb KaMepHi BiactiiHuka Ge3mepepsHoi abo HamiBOesnepepBHOi [ii 3
NOXHIMMH TIOTHIAMH (puc. 5.8) abo BepTUKaNbHI LIUNTHAPHYHI BiACTiIHHH-
KH 3 KOHIYHHMM TTOJHISAMHU.

[ToTik cycnensii Mmicns HaAXOMKEHHA B amapaT PyXa€Thes NOMEepPeMiHHO
HAropy -~ YHH3 YCEepelHHi KaHaJIB, 1[0 YTBOPEHi MOXHIMMH HEpPO3Pi3HUMH
Ta PO3PI3HUMH TNIEPETOPOIKAMH — MOJNULAMH, Ha SKi OCIIAIOTh YACTHUHKH |
AOTIM CIIOB3aK0Th ¥ OyHKep 1A ocamy.

2\ 3 . Pl?SyHOK.S.S - Kamepnnii

B‘ » 4 BUICTIRHHK 13 NOXMJIMMH IO-
—~— ] JUIAMH:

A - IIABEOEHHA CYCNEH3Il;

1 > / b - BiBEJCHHA TIPOCBITIICHOT
piaunmy;

3 — Hepo3pi3Hi nonuui; 4 — GyH-
Kep 11 30HpaHHA ocany

A
'j‘ * 1 - xkopmyc; 2 - po3pi3Hi noaumi;
4

3a X00M pyXy PiIMHH BiJ
BXiJIHOTO IO BHMXIZHOro narpyOKiB HIiAX MepeMillleHHs YaCTHHOK IOCTY-
noBoO 30iNbLIYETHCS, 10 chpHse Oinbll MOBHOMY BiIJiIeHHIO APiGHOAMC-

106 Po3odin 5



epcHUX YacTHHOK. KyT Haxuiy nonuus ckiamae 45 — 60°. ToHy noBepx-
HIO OCiiaHHs JUIA amapara po3paXxoBYIOTh 3a CYMapHOIO IIOBEPXHEIO HEPO3-
i3HMX MOJIHLIb.
Toni6HEM METOAOM MpALIOE BEePTUKAIBHHI BiACTIHHHK i3 KOHIYHUMH
goluuAMY. JJOCATHEHHAMHM LIMX armapaTiB € mpoctoTa OyaoBu Ta obcnyro-
BYBaHHsI, BIACYTHICTb JieTanei i MeXaHi3MiB, L0 PyXalOThCA.

5.9.2 Bincriitnuku 1Isi emyabciid
Bigcrijinuke s eMynsciii mepioguuHoi i Ge3mepepBHOI Aii 3acTtoco-
BYIOTb JUIS BiAAiNEHHsA Kpane/b IMCIIEPTOBaHOT JIETKOT abo Baxkoi dazu. Y
HaHIPOCTIIOMY BUIAAKY fAK BIACTIHMK BMKOPHCTOBYIOTh LMIIHIPHYHY
€MHICTB, KA A7 30iNblIeHHS VIOl OCiJaHHA PO3MIIIEHA TOPH30HTANBHO
Ta OCHalleHa natpyOkamu JUIA Tojadi eMyJkcii, BifBENEHHS Jerkoi Tta
BAXKKOT (ha3 i MOBITPIHUM KITAMTAHOM,

Pucynok 5.9 - Cxema po-
0oTH BiacriiiHMKa nis po3ai-
JIeHHSl eMYyJIbCiii:

A — rniBeAeHHS eMYJIbCIT;
B B — pigsemenus nerxoi ¢asy;

B - BigpeseHHs Baxkoi dazu

ITicyis 3aKiHYEHHA NEPIOANYHOrO MPOLECY PO3AiNEHHS (Pa3 yTBOPIOIOTh-
s IBa NIPOLIAPKH, KOXKHHH 13 AKHX 31HBAIOTh B OKPEMI EMHOCTI.

VY OesnepepBHO JiOUOMY BinCTIHHHMKY OOWIABI piAMHM BiABOAATHCS
OIHOYACHO, NP LILOMY BUCOTH PO3MIillleHHS TPy6 IS BilBEAEHHS JIETKOT i
BaXKOT (a3 (AuB. pyc. 5.9) MOBHHHI BiJNOBLAATH PIBHOCTI BeJMYMH Iigpo-
CTATUYHOIO THCKY

(h- h)gps = (hy - h.)gps ,

3BiZIKK BMCOTA MEPENUBHOI TPYOH

hzhr(ps = pn) + hnpn s
D€ Pn, P — FYCTHHA JIETKOT 1 Baxkkof (a3 BIANOBIHO.

Jns momepeJHBOro OYHIICHHA cHpol HaTH BiJ BOAM i MeXaHIUHHX
AOMIIIOK BUKOPHUCTOBYIOTh LATIHAPUYHUN BiACTIHHIK 13 TOXWIMMH MOJH-
LaMH (uB. puc. 5.10).

Toxuni noaMIl BCTaHOBIIOOTE Ha BincTani 0,2 - 0,3 M oaHy Bij iHIIOf,
KyT Haxuny oci anapara cknanae 10 — 15°. Taki BigctiiiHuKy MaroTh O11b1I
BHCOKY MPONYCKHY MPOAYKTUBHICTE MPH OAHAKOBUX PO3Mipax i3 ropU3OH-
TAJILHHMH LHJIiHAPHYHUMH allapaTaMu.
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JUist ouMIEHHs BAPOGHHUMX CTIYHHX BOJ BiJ HadTOnpodyKTiB 1 Macen
4aCTO 3aCTOCOBYIOTH OPM3OHTAJIbHI NPAMOKYTHI CEKI[iiHI MeXaHi30BaHi
HadToBNMOBMIOBAYI (AMB. puc. 5.11).

Pucynok 5.10 — Bynosa Bia-
crilinnka ansa cHpol HadTh:

A - mogava cupoBuHH; b
— BIIBEACHHS NPOCBITIEHOL
HadTH,

B - BigBCICHHS BOIH 1 Me-
XaHIYHUX OMIIIIOK;

1 - xopnyc; 2 — xonek-
TopHa Tpyba; 3 — moxuni mo-
Ui

Criuni BopM monaroThes B INyXy KaMmepy, LIO BixineHa Neperopon-
Koo 2 Bia pobouoi kamepu. Kpamni HadTH, 0 CIUIMBAIOTH, HiaMETPOM
0,08 -0,1 MM yTBOPIOIOTH Ha TIOBEPXHI KAMEPH IIPOIIAPOK HAPTOMPOIYKTIB
BUCOTOIO 710 100 MM, NIpH LLOMY BIOKpeMIIOEThCS Ao 96-98% HadTy, 1o
BimBOAMTECS uepe3 HadTo36ipHY TpyOy 4. 3anuuixoBuid BMICT HaTH B
ouniieHii Bogai, MmO BinBoauTHCA uepe3 naTpybox B, He mnepesmmrye
100 r/™’. Ocax i3 AHA HaTORNOBIIOBAYA 3TPIGACTHCA CKPEOKOBUM TPaHC-
nopTepoM 3 y MpHsAMOK 6, 3BiIKH BiAOUPAEcThCs IAPOENEeBATOPOM.

Y IpOMHCIOBOCTI INHPOKO BHKOPUCTOBYIOTBCH TAKOX 0araTonoNndHi i
BaratocekuiiHi HaQTOBMOBIIOBAYI MPOITYCKHOIO MPOAYKTUBHICTIO B MEXax
300 - 600 M3/F02:LPIHy.

I
2\ 13 4x f_FZh 5
A ‘v
BBl e piy AR
RIS = = Eah
=5

Pucynok 5.11 - Hagrosaosmosau:
A - momaua cTiuHMxX BOx; B - BimBeneHHs 3i6pamoi vadru; B - Binsemenns
oummieHoi Bogu; [ — BimBenmenHs ocamy; 1 - kopmyc; 2, 5 — neperopoaka;
3 - ckpeOKOBHIT TpaHcTopTep; 4 — HadTo36ipHa TPYDA; 6 - MpHAMOK 1S ocaly
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5.10 ByaoBa i npuHuMn podoTy MUNOBUICTIHHMKIB

J1n1si IONEpeaHbOro OYUIIEHHS JLY)Ke 3allHICHHX Ta3iB, MO MiCTATh Yac-
ruakK BeauduHow 0,05 - 0,1 MM, 3HANIUIM 338CTOCYBaHHA MOJHYHI MAJIO-
pincTiiini kamepn (avB. Man. 5.12), y SKHX NOTIK 3alKJIEHOrO rasy pyxa-
€THCS 31 WIBHAKICTIO 1-2 M/C y HpOCTOPi MK TOPH3OHTANIBHUMH 200 MOXH-
MMM [OTMUAMM, BifcTaHp Mixk sxumu jopisHioe 0,05 - 0,4 M. Cryniss
OUHILIEHHS Ta3y BiJl ANy B Takux anapartax ckiagae 40 -50%.

YacTHHKH Ty OCiZarOTh Ha NOJIHLI 33 MOPIBHAHO KOPOTKHH NPOMIKOK
yacy 3aBJSIKM MaJIii BIICTaHI MK MOMTHIAMH.

[Mu, 10 ociB Ha MOMHLAX, NEPIOJHIHO BHJANAIOTH Yepe3 MOKH 5 abo
MEXaHIYHHM CNocobOM, BUKOPUCTOBYIOYHM PO3pi3aHi BIOJOBXK MOMHLI 3,
AKi IPUMYCOBO MepeBepTarThes Ha 90° nix yac BUBaHTaxyBanHs. [lepesa-
raMu anapara € IopiBHsHa npoctora OyIoBH 1 pobOTH, a TakoX Te, 1O B
HEBEJIMKOMY 00’€Mi amaparta pO3MIlIyeThCs BeNMKA KiNbKIiCTh MONHLp,
3HAYHO 36IIBIIMBIOM MPH LLOMY 3arajbHy IUIOLLY OCaJKyBaHHs. Henoxi-
KaMH anapara € IpoMi3aKicTh, HU3bKa iHTEHCHBHICTB 1 €EKTHBHICTE pobO-
TH, YTPYIHEHHS, OB’ A3aHi 3 BUBAHTAXKYBAHHAM [THITY.

-1
—B> Pucynok 5.12 — IMunosiacTiiinuk

MOJMYHOTO THITY:
A - 3anmuneHuii mOTIK rasy;
B - ounuieHnii ras;
1 - xopnyc; 2 — meperopojka —
S BigbiiiHUK; 3 - nonuui; 4 — KJIWMHO-
4/ BHIi 3aTBOP; 5 - JMIOKH /19 BURANEH-
HS (THITY

4~

Juma  rpyboro  OYHIIECHHA
3aMMIEHHX Ta3iB Ge3nocepefHb0 Ha Tra3oXoAi MOHTYIOTh IHIIOOCA[KY-
BaJIbHI KaMepH NPAMOKYTHOrO fepepily 3 BCTAHOBICHHMM B HUX BEPTH-
KalbHAMH BiAOIHHHMHM IIEperopoikaMy, Lo oOrMHarOTECA ra30BUM IIOTO-
KoM, Y TIOpiBHAHHI 3 NJIOLIEID Tepepily ra3oxoAy MJIOUIA MONEPEYHOro
nepepisy Kamepu B JAeKijiibka pa3iB Oinblla, YHACHiOK YOrO IIBHIKICTH
razy B Kamepi 3HHKYETbCS 10 1- 2 M/c, 3aBAsSKH YOMY 30LIBIIYETBECA yac
nepeGyBaHHA razy B KaMmepi, CKOpPOUY€ThCS JOBXHHA JUISHKH A OCigaH-
Hs YaCTHHOK muiny. Bigineni yacTHHKH MHTY 0CAIDKYIOTBCS B OyHKepi, 0
poaMittieHHi 6e3rmocepeHbO i1 ra30X0J0M.

JLis migBHIeHHS €PEeKTHRHOCTI MUIOOUYHINEHHS BUKOPHCTOBYIOTE amna-
paTi 3 MOXMIMMH TIOJIKAMH 1 3BOJIOKEHHAM IOTOKY ra3ly BNPHCKYBaHHSM
BOIH, AKIIO 1€ TOMYCTUMO TEXHOJIOri4HUMH yMoBaMH. [Ipunuun pobotu
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TAKOTO amapara 3aCHOBAHHI Ha BJIACTHBOCTI 3BOJIOXKEHHX YaCTHHOK 3/IMIa-
THCA 1 CTABaTH BAXKYUMH, L0 IPHCKOPIOE IIPOLEC iX OCiTaHHA.

Jis OYMIIEHHS BEMKHX 00’ €MiB 3alliICHHX I'a3iB 3aCTOCOBYIOTH OLIBIL
iHTeHCUBHE Ta ebeKkTHBHE 00/1aAHaHHA, ONIHCAHE B HACTYITHHX PO3/iIax.

IMpuknan 5.2. BuzHauuTd posMipd Ta KUIBKICTE MOMMUEL NHIOBIACTIHHEKA
NONHUYHOTO THITY JJIS OUMLIEHHS Ta30I0BITPAHOT CyMilni BiJ MUIY 33 TAKHMHK YMO-
BaMK: BHTpara rasiB V, =7200 M’/r B po3paxyHKy Ha HOpManbHi yMOBM (H.y.),
cepeaHs TeMnepaTypa rasis t =250 °C, HamuwkoBHif THeK B Kamepi Ap= 0,2 at™,
BiZcTanp Mix nomuuaMu h,=150 mm. KoHleHTpawis nmumy B rasi JOPIiBHIOE
yu =35 r/M* (ua n.y.), miameTp yactuHok d, =20 MKM, iXHs TycTHHA p,=2700 Kr/m°.
3HalIiTE TakoX MPOIYKTUBHICTH NHIOBACTIHHHMKA LIOAO BHIIIEHHX IMIOBHX
YACTHHOK, AKILO CTYHiHb YAOBMIOBaHHA ckiafae y = 85%.

Posp’sizanns. | BusHaunmo o6’eMHY BHTpaTy rasie 3a pobo4rMMH yMOBaMu

(@-1222): Vv (273+1)Py _ 7200 (273 +250)-1,033 321 M.
°  273p 3600 273 (1,033 +0,2)

2 Buznayumo Nioly MONCPEUYHOTO Nepepisy NUIoBiACTIHHNKA, AKINO IPHITYC-
THTH, 110 JIiHIlHa IIBUIKICTh Ia3iB B HbOMyY He nepepuinye w =0,4 m/c,

Tomi S, = Vy/w =3,21/0,4 = 8,025 M’ .

3 BuzHauumMo pexuM OCaPKEHHS YaCTHHOK B anapari:

Ar=d3g p,  py/1? =(20-10)%9,81-0,8052700/(29-10 = 0,203 ,

Ie p.— TycTHHA rasiB npu poGo4HX yMOBaX, IO BUpaxyBaHa 3a dhopmysiomn (2.5);
1 — B’A3KiCTB Ta3iB, Ang mopitps p=29-10"° Ma-c (muB. noxatky puc.b.2).

Yucmo Apximena Ar < 36, a 0T, pesKHUM OCAKeHHS JaCTHHOK J1aMiHApHHI.
Jlns naMiHapHOro pesxuMy uucio Pefinonbaca Re,=Ar/18=0,203/18=1,127-1072

4 Bu3HAuMMO TEOPETHYHY 1 HPAKTHUHY IIBUAKICTh OCAKEHHS YACTUHOK:

wo= Rey'it / dope = 1,127-107 29-107%/ 20-107-0,805 =2,03-107 m/c,
Wor = 0,5 w,=0,5:2,03-107 = 1,015-107 m/c .
5 Yac oca/KeHHsl YaCTHHOK MisK HOJIMIIMH JOPIBHIOE
To =hy /Woq = 0,15 /1,015-107 = 14,78 ¢ .
6 3arajipHa [UIOIIA OCA/PKCHHS YACTHHOK (JIUB. g)-ny (5.45)) nopisHioe
Fo = Vy/wy, = 3,05/1,015-107 = 300,5 m".

7 T'eomeTpuusi po3MipH MUIOBIACTIHIKA BU3HAYMMO 3@ YMOBH, L0 Yac ocai-
EHHS YACTUHOK MDX MOJHLAMH JOPIBHIOE Yacy nepeGyBaHHs ra3y B kaMepi, Tob-
TO L = b , 3BIIKH 3HAXOJHMO CITIBBIJHOIIEHHA MDK JOBXKHHOIO KaMepu Ta

W Wy
BiICTAHHIO MDK momuusMu L/h, =w/We, , npu mpoMmy L/h,=0,4/1,015-10"7 =394,
3BiZIKM JOBXHHa BiAcTiHHMKa L=39.4 h, = 39,4-0,15 = 5,91 M. bepemo L= 6 m.

PoBounit 06’em nwtosiacTilinnka V= Sy-L = 8,025 6 = 48,15 .

KinekicTs mnomuues BH3HAUMMO 13  3aTaibHOI IOl NUIOBIACTIMHHMKA
n=Fy/B'L, 3Bigxi B-L = Fo/n | ne n — KinbkicTs noiuue; B — mupuna nomumi, nio
JOPIBHIOE LIMPHHI KAMEPH.
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OxpiM TOro, poGouni 00’€M MOJMYHOTO MUIOBIACTIHHHKA MOXKHA 3HAHTH i3
pistsaas Ve =(n+1) hyB-L=(n+)h, Fy/n.

I3 ocTanHROro piBHAHHS BU3HAYMMO KiJIBKICTh TIONHIG n = _ Forhy =

(Vi ~Fo -hy)
=300,5-0,15/(48,15 — 300,5-0,15) = 14,65. bepemo n = 15 nomuus.

3aransHa BHCOTA MHI0BiACTIHOT Kamepu H=(n+1)h, =(15 + 1)}-0,15 =2,4 M.

3arannHa IHpHHA MHIOBIACTIHOT kamepu B = S /H = §,025/2,4 = 3,344 m.

bepemo B =34 M.

Toxi gakTiyHa 3aransHa IJIOIIA OCA/KEHHS mmomncmmnxa cKIajIae

Fo, =B-Ln=346,015= 306 m’.
8 TlpoayxkTHBHICTH NMIOBIACTIHMIKA WOAC TRepHol Gasu 1OpIBHIOE
G; =V, yww /100-1000 = 7200-35-85 /100-1000 = 214,2 kr/r.

CIyHiHb OUMCTKH Ta30BOI CyMillli ZOPIBHIOE 4 =100(Yu-Y)/Vu - PosB’ﬂsqun
plBHﬂHHH BIZHOCHO ¥y , OTPHMAEMO KOHLIEHTpaLilo Iy Ha BHXOIl 13 MWIOBIj-
criiauka y, = (100- \p)yH /100 = (100 85)-35/100 =5,25 /™ .

Bianogian: po3mMipu nunomnmmnma BxHxL=3,4x2,4%x6,0 M, 3arajnsHa mnio-
ma ocamkenns F, =306 M KineKicTh monume n = 15; G, =214,2 xr/r.

Konmpononi sanumannn

1 Axi cucmemu nazusarome HEOOHODIOHUMU MA AKUMU nNapamempamy ix Xapaxmepu-
3y10ms?
2 Haszeime nowupeni HC i nagedime ixui xapaxmepucmuxu.
3 Hxi memoodu euxopucmosyiome 018 posdinenns HC?
4 Axi cunu 3a pywiiini euxopucmosyiome 018 po3dinenna HC?
5 Cxnadime pisnsnna mamepiansnux 6a1ancié 3a homoxamu ma 3a gasamu 018 npoye-
¢y posdinenns HC.
6 Busedimv pigHAHHA 0N POIPAXYHKY MACOBOT 6UMPANU NPOAYKMIE, 0 00epIHCYIons 6
pesyavmami po30inenHs HeOOHOPIOHOY cucmemu.
7 Ulo nazusarome weuoxicmio piHoMipHo20 0CIOaHHS YacmuHok?
8 Axi chaxmopu enusaroms Ha wiBUOKICMb OCIOAHHA YACMUHOK 8 NOMOKAX?
9 3anuwime pieHAHHS CUN, WO 6NAUBAIOMb HA WEUOKICMb OCIOAHNA YACMUHOK.
10 Busedimb piHsnHS ORs POPAXYHKY WEUOKOCMI OCIOAHHA YACMUHOK.
11 Axi pexcumu OCIOGHHA HGCMUHOK ICHYIOMb, WO 6OHU XQpaKmMepu3yiomy I Ak 3HAXO-
0amy pexcum ocioannn?
12 Ax ennusae popma vacmuHox na weuoKkicms ixnb020 0Cioanna?
13 Bugeoime yuigepcanvre Kpumepiansre piBHARHA OAs npoyecie epaeimayiiinozo oca-
OHCYBAHHA YACHIUHOK,
14 3anuwime hopmynu Petinonedca ma Apximeoa, wo 8UKOPUCMOBYIOMb 8 POIPAXYHKAX
npoyecie 2pasimayitinozo 0cad’Cy8anH.
15 3anuwime kpumuuni yucna Petinonvoca ma Apximeda Ona pizHux pexcumis ocadicy-
8arHA. K 3anexcume koediyicm onopy 6id pexcumy ocioanHs yacmox?
16 3anuwuime anzopumm po3paxyxy weudKocmi OCIOaHKA YACMUHOK.
17 Bueedimp pignauns 07 po3paxyuxy o6 'emuol npodyxmuenocmi idcmitinuxa. Sxuii
OCHOBHULI BUCHOBOK MONCHA 3p00UMU 3 Hb0207
18 Busedims pignanna 0na po3PAxyHKy niowyi 8i0cmoroeanHs.
19 Ax ynawmosani i npayroome sidcmiiinury 0as po30ineHHs cycnensii?
20 Hx inmencugbixysamu pobomy sidcmiiinux anapamie?
21 Ax ynawmosani i npaywowome sidcmiiinuxu Ons pO30INEHHS eMynbCii?
22 Jx ynawmosani i npayroome nunosiocmiini anapamu?
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PO3[0IN 6

®JIOTALIAHI METOAN PO3AINEHHSA
CYCIMEH3IN I NyNbn

Y yvomy po3oini ...

Hasiwo vacmurKam noniagyir

Sk uacmuHKam donomozmu cnaueamu?
Sk 3pobumu ycmaroeKy 0as promayii?
Byoosa i npuHyun pobomu gparomamopis.

* & & &

OxuuM 3 eheKTHBHHX METOAIB PO3AINICHHS CYCHEH3i#t 1 Imynbm, Mo
403BoAse BUOIPKOBO BMIinWTH 31 ckimagHol cyMilli TBepAUX YACTHHOK
oJiH abo TpyMy KOMNOHEHTIB, € (JuoTtania. Tepmin “¢norauisa” noxo-
AMTh Bij aHDiidcekoro cnosa “float” - momnaeeltb, MIaBaTH, CIUIMBATH -
03Hayae MIaBYUiCTh, 3aTHICTh CIUIMBATH Ta IJIABAaTH. Y TeXHIYHiH JiTepa-
TYpl BHKOPHCTOBYETBCH TaKOK TepMiH “duoTorpasitamis”, mo o3Havae
PO3IiNeHHs IyABN 3a CIPOMOMKHICTIO TBEPAHX YAaCTHHOK TOHYTH abo
CIUIMBATH B PIAMHHUX CEpeROBHLIAX I Ai€l0 rpaBiTaliifHUX abo BHIITOR-
XYBaJIbHUX CHJ, 10 YTBOPIOIOTECS WITYYHO.

OroTallis € ONHUM i3 MOIIKPEHUX METONIB BHIyY€HHS WiHHUX Pyl i3
MiHepaibHOI CHPOBHHHM Ta 36arauyeHHs KOPUCHUX KONAIMH, a8 TAKOXK 3aCTO-
COBYETHCS IS OYHILEHHS [IPOMHCIIOBHX 1 MOOYTOBUX CTiYHAX BO.

®oTaitis € nmpocTol (abo KOJEKTHBHOI), AKIIO BHACIIZOK ii mpoge-
JICHHS B KOHIEHTpPATi 30CepelPKyIOTbcs KOPHCHI MiHepanH, a B XBOCTax
BiZIBOOHTHCS MyCTa Mopoza.

®rnoTailis € BUOIPKOBOIO (CENEKTHBHOIO), SKIIO B KOHLEHTPATI 30Cepe-
IUKYIOTBCA KOXEH MiHepasl OKpeMo.

6.1 ®iznko-xiMiuni ocHoBM mpouecy uoranii

Quotauis OazyeTbcs Ha BiAMIHHOCTI (Bi3MKO-XIMIYHHMX BIIACTHBOCTEH
MOBEpXHi YACTHHOK PI3HHUX MiHEpaJliB, Ha pi3HUUI IX rycTuHH i dopmu, a
TAKOX Ha Pi3HOMAHITHIH CIPOMOXKHOCTI YaCTHHOK PI3HUX MiHEpauis, pis-
HOT BeJIMUHHU 1 OPMHU 3MOYYBATHCH BOOIO T4 IHIIMMHU PiIAHAMHE.

®izuyHa cyThb npouecy doTanii nonArac B TOMy, 1[0 METOAAMH CIie-
nianeHoi 06pobKH 6araTOKOMIIOHEHTHO! MyJTBITH OKpeMuM 1i YacTHHKaM
HAJAal0Th BOAOBIAIITOBXYBANbHI BIACTUBOCTI 1 3AaTHICTE CMINTMBATH Y BEPX-
Hifl Tpolnapok mij Ai€l0 BHINTOBXYBaNbHHX CHI. IJOTiM npoBoaaTts aepa-
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110 MYNbIH 1 BiJIOKPEMIIIOIOTh PA3OM i3 NIHHHM MPOMIAPKOM CITHBAIOYi
OKpeMi KOMIOHEHTH B GUIBII KOHLEHTPOBAHOMY CTaHi.

Po3pi3HsiroTh ABa BHAX (rotallii: miHHY i 6e3niHHY, 3acHOBaHi Ha
pi3HOMAaHITHIH 3aTHOCTI TBEPAMX YACTHHOK JI0 3MOYYBaHH# iX BOJOIO.

YacTHHKH TiApodobHi — Ti, M0 BIJIUTOBXYIOTh piHHY — HOTaHO 3MO-
YyIOTbCA BOJOIO 1 11 po3unMHaMu, YaCTHHKH IiapodilbHi — Ti, 1O NPUTATY-
JOTH BONY — AODPE 3MOUYIOTHCH BOJOIO i MEPEBAKHO OCATDKYIOTHCH B Hil
a60 B ii po3uuHax Mi i€ rpaBiTaliiHAX CHIL

Besninna (rutiskoBa) ¢uorauis BinOyBaeThbcd B TOMY BHIAMKY, KOJIH
rigpodobHi YacTHHKH MiHEpalliB OOBOJIIKAFOTECA TJIIBKOK CITEIiaibHO
miniGpaHol opraHivyHol pijinHy, AKa fo6pe BIAITOBXYE Boay. L{i 06pobneHi
YaCTHHKHU CIUIMBAIOTH Y BOMI 1 3anHIaroThes Ha i nosepxHi. [lpu Macnquiii
¢notanii rinpodobHi YACTHMHKU CIUIHBAIOTH 33 PaXyHOK IXHBEOTO NpWIIH-
HAaHHA O CTIMBAIOYMX MACITHUX Kpamneib.

Iinna ¢uotanis HaiOIbII YaCTO BHKOPHCTOBYETLCS B POMHUCIOBOCTI
i 3acHOBaHa HA MONepenHiH aepamii MyJsnHU NOBITPSIM, OPH LLOMY TiIpoO-
(bobHi YaCTHHKH, AKi 3HAXOIATHCS B Mynbni a0 B CyCNeH3ii, IpHIMNalTh
JI0 TOBEPXHI MYXHPLIB MOBITPA, AKi MPOHM3YIOTH MYJbIy TpH acpailii, 1
OiTHIMAIOTBCA 3 HUMH Y BepXHiif THHWI npouapok, CTBOproYH ¢oTa-
WiHUA KOHUEHTPAT, SAKUIO B HLOMY 3HAXOOHTHCH BHIOOYTHH KOpHCHMH
IinboBMH MiHepan. Inojl B MiHHWH Npolapok iIyTh HEULILOBI KOMIIOHEH-
TH — XBOCTH, 4 ULILOBHI KOMIIOHCHT 3a/HLIAETHCA B CYCIEH3II,

Ba)JMBAMH YMHHHKAMH B npolleci ¢uiotaiii € cTabiibHICTL MIHH i
PO3MIpH TYXMPIUB, Yy 3B'3KY 3 YAM BHKOPHCTOBYIOTH MiHOYTBROPHOBa4l —
crieiliasibHi PEeYOBHHM, L0 3MCHUIYIOTH MOBEPXHEBHHA HATAT piavnH Ha
Mexi posnominy ¢as i cTabini3yloTh Npolec YTBOPEHHS CTIMKOT MiHM, SKa
cKrajgaersesa 3 ApiOHMX NyXHpUiB. SIK MIHOYTBOPIOBaYi HacTille YChOro
BHKOPUCTOBYIOTH TIOBEPXHEBOAKTHRHI pedosrnu (TIAP).

ligpodineHi YacTHHKHM B OCHOBHIM CBOTH Maci 3aMWIIAIOTLCS Y BOJiI B
3BaXEHOMY CTaHi (KaMepHHH NpOAYKT) i CTBOPIOIOTEH (HJIOTALi#iHI XBOCTH,
{0 MICTATH HELIBOBI KOMIIOHEHTH, 1 BiBOAATLCS Yy BimBanu. [HOAI KaMe-
PHUH NPOLYKT MICTHTH 111J1bOBHH BUIOOYTHI KOHIIEHTpAT.

IpHpoaHY 3MOUYBaIbHY BIAaCTUBICTH TBEPIHX YACTHMHOK MOXKHA 3HU3H-
TH JIOAABAHHAM Y CHCTEMY B HEBEIHKHX KIMLKOCTAX 30MpauiB — KONEKTO-
piB. SIK KOJIEKTOPH BUKOPHCTOBYIOTH COCHOBY OJTit0, HAhTEHOR] 1 0n€eiHoBi
KHCIIOTH, KCAHTOTE€HATH Ta iHWIi PpeYOBHHY, PH LLOMY 30Mpadi, 110 aacop-
OyloThbCA Ha NMOBEPXHI YACTHHOK OJHOTO 3 KOMIIOHEHTIB, B L(JIOMY ITijIBH-
LYIOTh BOJOBIJIITOBXYBaJIbHI BIACTHBOCTI MOBEPXHI YacTUHOK. BHachi-
Hox Takoi oOpoOKM YACTHHKM LIBHALIE NPHIHNAIOTH [0 MOBITPSHHX

dromaytiiii memoodu po30ineHHs cycnewsiil i nyaon 113



nyxupuiB. KpiM 30HpadiB MOxyTh TaKOX BHKODHCTOBYBATHCh aKTHBa-
TOPH — PEYOBHHH, WO NOCWIIOIOTE Ii10 30upayiB, abo Jenpecopu — pevo-
BHHH, 110 NOTipLIyIOTh 200 BUKIIFOYAIOTH LINKOM mpouec (rroTaii.

®noTanito BHKOPUCTOBYIOTh I 30araueHHs pya LiHHHMH KOMIIOHEH-
TaMH, 118 po3aineHHsa abo BHIiNeHHs CoJied, HANPHKIa, XJAOPHAY Kaito
i3 cunpBiHiTOBUX pya. ProTauis xnopuay kanilo craja OCHOBHHM i Hali-
Oi/Ib1I EKOHOMIYHUM CHOCOOOM BHPOOHHIITBA Kajtiiinux noOpuB. Onoranis
€ OCHOBHHUM MeETOZOM BUI00yBaHHA Cipku Ha Posgonechkomy Ta SBOpis-
CbKOMY pOIOBHIIaX, 30aradeHHs amnaTHTOHE(ETiHOBUX KOHLIEHTPATIB
tdochopHOl cKIagoBOO, A BUAOOYyBaHHA OyHiReNbpHHX Marepiajis
(TasibKy, rpadiry), Ans BUAINEHHA MIHEpaIiB, TAKHX, AK MiJHO-CYNb(iaHI,
LIMHKOBa 0OMaHKa, CBUHLEBHH ONIMCK Ta iHUI M BHPOOHHULTBA KOJABOPO-
BHX METAJB, IS OYHIICHHS IIPOMHCIOBUX CTIYHUX BOA HadTOmepepoOHuX
NiAMPHEMCTB, @ TAKOK TTOOYTOBUX CTIYHUX BOJI.

Mpouec niHHOT QuoTallii CKJIaJAEThCSA 3 TAKMX OCHOBHHX CTaIii.

1 KouanuionyBaHHS — NiArOTYBaHHA Myjaenu A0 (ioTauii 3
METOI CTBOPEHHS YMOB, 1O 3a0e3MNeYyloTh AN NyJibIH HEOOXiTHI TeXHO-
JIOTiYHi BJACTHBOCTI, JOCTATHI) IUBHIKICTE i e(DeKTHBHICTH MOJAIBIUKX
IPOLECIB.

Jo $i3HYHHX MeTOIIB KOHIULIOHYBaHHS BiJTHOCATh: Ta30Bi — Momnepe-
IHA 06poOKa MyNbIH NOBITPSM — aepanis abo IHIIMMH ra3amMu; TepMidHi -
HiirpiBaHHS IyJbIH; YIBTPa3BYKOBI, €IEKTPOMATHITHI Ta €1eKTPOXiMiuHi.

Ximiuni Meromn nependadyaioTh BIUIHB HA MyJABNY PI3HOMaHITHHMH
XIMIYHUMH peareHTaMu - PO3UHHAMH KHMCJIOT, JYTiB, OpraHiYHAMH CHOJy-
KaMH, IOBEPXHEBOAKTHBHHMH PEUOBHHAMH.

TpusasicTs KOHAULIOHYBaHHS IYJBII, TOPSOOK MOJayi, BHI i BUTpara
peareHTiB, K NPaBUJIO, BUSHAYAKOTHCA €KCICPAMEHTAIBHO. 3BHUYAHHO TPH-
BaJIICTh KOHAMIIIOHYBaHHA CKJIaJa€ BiJl JIEKUIBKOX XBHJIMH JIO AEKiJbKOX
rofnH. TIpu HEJOCTATHROMY Yaci KOHAMLIOHYBAHHS 3HHXKYETHCH CTYIIHB
BUAOOYBaHHS KOMIIOHEHTA i MiIBHILY€ETHCS BUTPATA PEAreHTIR.

2 AepyBaHHst IyIbLNH Mac Ha MeTi 3a6e3neyeHHs HACHYEHOCT if
ra30BHMH CKIIQJOBHMH, TIOAPIOHEHHS - AUCIIEPIyBaHHs MOBITPAHMX 1 razo-
BUX IYXHPUIB i CTBOPEHHS YMOB HaHOINbII TICHOTO KOHTAKTYBaHHS iX 13
TBEPAMMH YaCTHHKAMM, B PE3yABTATI 9Or0 IyXUPLI rasy NPHEIHYIOTLCS 10
rinpodoGHHX YaCTHHOK i BTAryroTh iX y npouec duortauii, a riapodineui
YACTHHKH 3a/IMLIAIOTHECA B JOHHI# yacTHHI GuoTaTopa.

AepyBaHHA (NOTAUIHHNX TyNBI MPOBOAATE TAKUMH CIIOCODAMMU:

a) 6ap6OTyBaHHAM - IOJAYEl0 NOBITPA YEPE3 MOPUCTI NEPErOpoOAKH i
nepdopoBaHi NIpUCTPOi;
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0) ra3’oCTpyMHMHHHM — epIiTHHM, IO peaidyeThes NpU exekuiiinoMy
JMCTIEpTYBaHHI Ta30BUX CTPYMKIB Y MOTOILI MyJBMH, 32XBaTi ra3osoi dasu
4aCTHHKaMHU PYIHHX MiHEpaJIiB MpH 1X B3a€MHOMY KOHTAKTi;

B) MEXaHIYHHUM — IPHMYCOBHM JUCIEPTYBAHHAM noBiTpsa abo rasy cre-
niabHUMH TypOiHHHMH i IPOTIENepHIMH MilliajikamMu a0 iMMenepaMu.

EdexTHBHICTh aepyBaHHS BU3HAYAETHCA CYMApHOIO IMOBEPXHEI KOHTa-
KTy (pa3 B crcTeMi ra3 — pijluHa i BEJIMYMHOIO Ia30BUX [IyXHpPLIB, 110 YTBO-
PIOIOTECS B 3BMYAHHMX YMOBaxX MpoLecy (JoTauii i A0CATaloTh PO3MipiB
1 - 4 mm. Slkuto posmip myxupiiis citagae 0,1 - 0,3 MM, To Takmii nponec
HA3UBAIOTh MiKpO(DIOTALIE0.

3 Cranis BaacHe QpuaoTanii cxiagacTbed i3 3aKpiLICHHS YaCTHHOK
Ha ra3zoBux OyJBbAlIKax 1 MyXHPLSX Ta IXHBOTO CIJIMBAHHS Yepe3 Mpomia-
POK PiiuHM y BepxHiil minuui map. 3akpifyicHHs 4acTUHOK Ha Oynndau-
KaX TIOBITps BiIOYBAE€ThCA BHACHIAOK 3MEHIIEHHS BOISHOTO MPOIIapKy M
[IOBEpXHEI0 YaCTHHKHU i MyXHpPLEM ra3y 3a paXyHOK yjaapy i Aiil cuj nosep-
XHeBoro Harary. [Ipy criBynapi nyxupus 3 4aCTMHKOI BiaOyBalOThCHA PO3-
P¥B i BHANCHHS TiAPAaTHO! INiBKM MiXK HUMH, IIBHAKICTH PO3PUBY TUIBKH
cxmagae 0,01 - 0,2 m/c. Yac ang 3aKpineHHsA YaCTHHKH Ha MyXHPIUIX — 4Yac
IHAYKIiT - THM MEHIUHHA, YMM MEHIIUH pO3MIp YaCTHHKH 1 YMM BHLIA i1 rig-
podobuicts. Ipu mBuakoctax noeitpsa 0,02-0,1 m/c siporigdicts npHIH-
MaHHA YACTHHKE [0 NYXUAPUA GIM3bKa [0 OAUHULI. 30aTHICTE MPUIHNAHHS
YACTUHOK JIO0 MYXHWpLiB NiABHILYETHCS 33 HAABHOCTI Ha iXHIH I[OBEPXHi
MIKpOITyXHpIIiB rasy, Mo YTBOPHJIHCA NPHU BUALIEHHI 1X i3 pO3YHHY, TOTle-
PEIHBO HACHYEHOI'O Ia30M.

Ha egexTuBHicTE Npouecy ¢uorauli BIJIMBAE MacoBE CMiBBIAHOLICHHS
piauHH (NIOBITpPA, razy) : TBepAe, IpH LBOMY BCTAHOBNIEHO, IO JOCTATHEO
BHCOKHH BUI00YTOK 3a0pyAHIOIOUYHX PEUYOBUH i3 CTIYHMX BOJ JOCATA€THCA
npu crissigHowenusx P(I): T = 0,004 - 0,06.

CrnupaHdsd MiHEpATi30BAHUX MYXUPIUB MOXIHBO 32 YMOBH, KOJH
migHiManeHa cuna Oynsbamku abo myxupus y piauni Oyne 6inbirolo Bix
TIO3iPHOI CHJIM YaCTHHKH, TOOTO Oyae BUKOHYBAaTHCS YMOBA

ndl?f ndi

Tg(pc _pr)>——6—-g(p'r —pc) , (6.1)
ne d,, d, — niamerp rasosoi Oynbbaiuku i TBepAOT YaCTHHKH BiAIMOBITHO;
Pr, Pes Py - TYCTHHA Ta3y, CEPEIOBULIA i YACTHHKHU BidNOBIIHO.

Il BNAMBOM YMHHMX CHI MyXHMPIi ra3sy 3 TIPWIMIUIMMM 10 HUX TBep-
JMMH 4aCcTHHKaMH CIJIMBAIOTH BBEPX 1 30MpalOThCs HA MOBEpXHi cepelo-
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BHINA, YTBOPIOIOYH MiHHHHA npouapok. CepedHA MBHAKICTb CIUIHBAHHS
Oynnbatok cknaaae 0,03-0,04 m/c i moxe pocsararu 0,1-0,2 m/c y 3amex-
HOCTI BiZ crocoly aepyBaHHS, pO3MIpiB YaCTHHOK, IXHiX BIACTHBOCTEH i
iy Qaotauiifinoi MammHM. IIpH MigBMLIEHHI MIBHAKOCTI CIIMBaHHSA
OynpGallok 3pOcTac BipOTINHICTE BiIPHBY OCTAHHIX Bif MPHIMIUIMX 4ac-
THHOK, 1110 TIOTipiIye eeKTUBHICTD (IoTawii.

HaGnnkeHe 3HaYeHHS MAKCHMATbHOI BEJIMUYMHU YAaCTUHKH, WO (IoTy-
€ThCs, MOXe Oy TH obuncneHe 3a GopMyIo

d max =[4'Gc/(pr_pc)g] ) (6.2)

Je o . - ToBepxHeBHH HaTar pimuadn (H/M);, g Boam npu 20 °C
6.=72,8-107 H/m, npu t=50 °C o =67,9 107 H/m; s OyTHIIOROTO CHMPTY
(C4H,00) mpu 20°C .=24,6:10"° H/m.

[ToBepXHEBUI HATAT PiIMHU MOKe OYTH OMITHO 3HHXKEHHI 32 paXyHOK
noGaskn [TAP, nanpuknaz, nobaBka mansmitTuHOBO! kuciaotH (K-comi) y
KinekocTi 0,1 MMOnE Ha JITp 3HMXKYE NOBEPXHEBHH HATAT BOJH A0 Belu-
unnan G =34,2° 10" H/M npu remnepatypi 20 °C.

4 Binpenenns Ta pyiinyBauus ninu. [licns orpumanus opo-
IIApKy NMIHK HA HOBEPXHi PIAMHN HEOOXinHO il BUIATHTH 3 MOBEPXHi, 3arjIy-
WKTH i 3pyiiHyBaTu. [TiHOBHAANEHHA MOBHHHE OYTH OpraHi3oBade Tak, 1106
TIOBEPXHEBUH ITPOLIApOK MiHM BHAaNsBCA Oe3 pyHHalil HHKHBOTO mpolap-
Ky. HacTo nina caMma onazac i pyHHY€eThCA Np# HONAfaHHI B KaMepy MiHOBH-
NaneHHs, iHOMI NiHy NPOIYCKATh Yepe3 3ryluyBajbHi Jifikn abo ciTyacrti
ueHrpu@yru. TliHa TakoX JIErko pyHHY€ThCsS NPH NOJAYi HA 11 IIOBEPXHIO
CHJIBHOIO CTpPyMeHs BOAM 3a MiHiManbHOWo i1 KiibkicTio. [liHY pyHHYIOTH
TAKOX 33 JONOMOTOI) 3BYKOBHX 1 yIIBTPa3ByKOBHX KONUBAHE.

Y ApaKTHLi OYHIIEHHS CTIYHHX BOJ 33CTOCOBYETHCA Giojoriyna i XiMid-
Ha duiorauis. Ipu GionoriuHii dnorauii 0canox i3 TEPBUHHHX BiACTIHHH-
KiB HallPaBIAECTHCA B CIHELIATbHI pe3epBYapH, A€ MMiUrPiBacTbCa BOAAHOIO
naporo /10 Temrniepatypt 35 — 45 °C i npu takiii TeMIeparypi BATPUMYEThCA
Aekiipka Ai6. 3a paXxyHOK PO3BUTKY i AisSIBHOCTI MIKPOOPraHi3MiB BAIiN-
10TbCs OYNBOAIIKY ra3y, AKHMH 324eNIIOKThCS YaCTHHKH MYIY i CILIMBA-
I0Thb y BEpXHill niHHKH npomapok. [ToTiM MmiHa TaKOX BiABOANTELCS, PYHHY-
€TbCS TA 3HEBOJHIOETLCSA, HPH IBLOMY OJEPXKYIOTH YHIIBHEHMA Myl
Bojorictio 1o 80 % mac.

®yoTauis OCTaHHIM YaCOM 3aCTOCOBYETHCSA AIA PO3ALNCHHA cyMimeit
XIMIYHMX PEYOBHH.
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6.2 Cxema ¢aoTaniiiHux yCTAHOBOK

Po3rnsiHeMO TEXHONOTiYHY CXeMy THIOBOI (UIOTAliHHOT YCTaHOBKH,
1oAaHy Ha puc. 6.1.

3i 30ipHUKIB 1 HacocoM 2 ¥ 4aH — 3MiluyBa4 3 100aBaAIOTE peareHTH i
[IOAAI0Th TTOYATKOBUI KOHLUEHTPAT — XUBJNEHHS, a NOTIM CyMilll miAaoTh
(ONIePeAHEOMY TEPEMINTYBaHHIO. TTiirOTOBIEHA TAaKUM CITOCOOOM CyMILI
AomaeThes B KaMmepy ¢urorauil dnorauiiinoro anapara 4, ge 06pobnseTses
— aepyEThCA OBITPSM, NIPH LILOMY BiAOYBaeTbCA 3aXOMIeHHA riapodobHuX
YACTHHOK MyXHPHAMHM IOBITPS i BOHU Pa3oM i3 NPUIHIUIUMH YaCTHHKAMH
CIUIMBAIOTH BrOPY i CTBOPIOIOTH Ha MOBEPXHI PIAMHH MiHHMHA NpOINapok.
Ha Buxoni i3 anapara MiHHUH Wap pydHYyeThCA MiHO3HIMaueM 5, a MOTIM
KOHLIEHTPAT BiJBOAMTBCA 3 MIHHOro >o0Jyio0a Ha NoJaiblle PO3RIICHHS.
PiauHa 3i mnamMoM rigpodinbHAX YaCTHHOK (XBOCTH) 13 HMXKHBOT YaCTHHH
¢noTaTopa BIIBOIMTLCS Y BiACTIMHHK, Je PO3AINAEThCA HA YLIIIbHEHHH
ocaj i OCBIT/eHy pimuHy, Ocaj IOTiM BigBOAUTLCA Yy BiaBan. OceitieHa pi-
[MHA THCM8 BIACTIHHMKA MOMKE IMOBTOPHO BHKOPHCTOBYBATUCH B IPOLEC
¢pnoTauii.

Pucynok 6.1 — Tunosa cxema QurotaniiHol yCTAHOBKH:

A — mozxava KuBJenHs; b — BidBeneHHA KOHUEHTpaTy; Y — MoJaua noBiTps;
I" — BinBenenns xBocTiB; 1 — 36ipHUKH peareHTiB; 2 — Hacoc;
3 —yau-3mimysay; 4 — GRotauiiinmil anapar;, 5 — nino3uiMay

B ycTaHOBKax OYMINEHHA CTIYHWX BOJ BHUXIAHY PifHHY ab0 4acTHHY
OCRITJIEHOT PiJIMHY HANPaBJAIOTh ¥ CATYpaTop, A€ BiAOYBAETbCS HACHYEHHS
PifuHyU NOBITPAM abo razoM (Hanpuknaa JIOKCHAOM BYTJIEI0). OuuineHHs
CTiYHHUX BOJ MeTojamu (uIoTauii cynmpoBOIXKY€eThCS edeKTHBHOWO aepali-
€10, HACHYCHHAM IX KWCHEM, 3HIDKCHHSM KOHIIGHTpAallil NOBEPXHEBO-
AKTMBHHX PCYOBHH Ta KUIBKOCTI GakTepiii i MIKpOOPraHiamis, 1O CIPHAE
Oinpm rauGOKOMY OYHILEHHIO BOJ i HOKpALIye iX 3araibHMi caHiTapHMH
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crad. [a3aMu, U0 HACHYYIOTh CTiYHI BOJAHM, BUKOPHCTOBYIOTH JBOOKHC
Byriero ta 6ioras (N - 84%, O, —~ 4%, CO; ~ 12% 06'eMHHX).

Jlng ounmeHHS CTIYHUX BOJ Y 3aJIEXKHOCTI Big 3acoby HacuueHHs ix
NOBITPAM PO3PI3HAIOT BAKyyMHY, HanipHY i epri¢THy ¢uioTauito.

Bakyymuy ¢uioTallifo 3aCTOCOBYIOTh 0P HHU3BKIH KOHLEHTpauil
3BAKEHUX YACTHHOK y BoAl (He Oimbuie Hixk 250-300 mr/m), nmpu nbomy
CTiYHi BOJIM NONEPEIHBO HACUUYIOTH MOBITPAM I1if aTMOC(HEPHUM THCKOM,
a caMy QuoTtauito MpoBoAATh y (GIoTALiHIA kaMepi MiA PO3PiIIKEHHAM
250-300 mm pr. cT., O crpuse GUIbL eHeprifHoMy BHALIEHHIO 3 PO3YHHY
MyXHPLiB PO3UAHEHOTO Trasy.

Binbu LUMPOKO 3aCTOCOBYIOTH HamipHi (IoTaniiiHi yCTAHORKH, B SKHX
OYMINAIOTE CTi¥HI BOAM 3 KOHLEHTpaliewo cycnensiii 4 - 5 r/n. s minsu-
LIEHHS CTYIleHd OYMUIEHHS Y BOAY H0OaBISIOTh KoaryJ/IsSHTH.

HamipHi ¢noTtauifini ycTaHOBKH MaloTb NpOAYKTUBHICTH Bix 5 no
1000 M*/r i npu MeHmMX rabapHTHHX po3Mipax 3a0e3MevyrOTh MEHLIe
3AIHIIKORE 3a0PYAHCHHA OUULIEHUX BOJ, 1O BigsoasTeca. O6‘eM nopasa-
HOro HoBiTps pocsarae 2-5% Bin ob6‘eMy cTiYnux BOJ, Yac nepebyBaHHA
CTiYHMX BOZ y droTanifiHiit kamepi cxnagae 10 - 20 xB.

Hanipai ¢noTaropy MIMPOKO BUKOPUCTOBYHOTHCS Ui OYMIUEHHS CTid-
HHUX BOJ LIENION03HO-TIATepOBO] [IPOMUCITOBOCTI, P LIFOMY BIJIOKPEMIIO~
€TbeA 10 97% 3BaKEHHX Y BOAI YACTHHOK, L0 [O3BONSE IOBTOPHO MOBEp-
HYTH OYHIeH] BOJH B TEXHONOTiIUHKI nponec. MroTaliliHHA MEeTOq TaKOX
BHUKODHCTOBYIOTb JUIAi OYHIUEHHA ITyJBNHM MaKyjaTypH Bil JpyKapchKOi
thapbu, nio mo3BoNsE ONepXKYBATH NOJATKOBO MANEpOBY MAacy BHCOKOI
OiM3HY.

EpnidTHI ycTaHOBKH 3aCTOCOBYHOTH AN OYHIUIEHHS CTIYHUX BOJ Y XiMi-
qHiH TPOMMCIIOBOCTI, BUTPATH EHEPTIi B HUX HA npoBeeHHs npornecy o~
Tauii B 2 - 4 pa3u MeHIIA, HIX Y HaNipHUX YCTAHOBKAX.

droTauiiini METOAH OUHIIEHHSA NOLUINBHO BUKOPUCTOBYBATH TOAI, KOIH
CTIYHI BOJTH MICTATh igpo@obHi 3a0pyRHIO0OYi PeYOBHMHH (OIf, *KHDH,
napadiny, kparwli HabTH 1 T.14.), 1O JerKo GPIOTYIOTHCS.

6.3 byaoea i npuaoun podoTH QuioranifiHuX anaparis

OcHoBHMM o0OnagHaHHAM (IOTaliHHUX yCTAaHOBOK € (rorauiiina
MaIlKHa, B sKii 6e3nocepenHbO PeamizyoThea NPOLECH aePYBAHHS NYJIbI,
BiacHe Quiorauii, BigBeJeHHS | TaCiHHA MiHU.

dnorauiliHi MaIUHH KIaCHQIKYIOTh 33 TAKHMUM OCHOBHHMH O3HAKAMMU:
1) 3a cmocoGoM MepeMillyBaHHS Ta aepalii myplid — MEXaHiyHi, MHEB-
MOMEXaHi4Hi, MHEBMaTH4Hi 1 THEBMOT1JPaB/IivHi;
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