[image: image1.jpg]



Министерство образования и науки РФ

ФГБОУ ВПО «Новгородский государственный университет им. Ярослава Мудрого»

Кафедра «Технологии переработки сельскохозяйственной продукции»

Лекции по дисциплине

«Новые методы обработки пищевых продуктов»

Составил:

Профессор кафедры ТПСП

_________ Глущенко Н.А
Великий Новгород, 2011
СОДЕРЖАНИЕ
ВВЕДЕНИЕ.                                                                                                                              3
Научная необоснованность отраслей пищевой технологии и 

промышленности.                                                                                                                    3
Аналогизация технологических процессов как средство обобщения, 
углублённого анализа их механизмов и разработки методов интенсификации.        4
Разработка методов интенсификации технологических процессов пищевых 

и химических производств.                                                                                                    5
Интенсифицирующие воздействия.                                                                                     6
ГЛАВА 1.

ОБЩИЕ СВЕДЕНИЯ О ТЕХНОЛОГИЧЕСКИХ ПРОЦЕССАХ, 

ФИЗИЧЕСКИХ ЭФФЕКТАХ И МЕТОДАХ ИНТЕНСИФИКАЦИИ.                        10

§ 1.1. Классификация технологических процессов.                                                         10

§ 1.2. Физические эффекты и их применение при решении технических задач.       18

§ 1.3.  Физические явления и эффекты в жидких средах, обнаруженные при

           изучении интенсификации процессов.                                                                    30

ВВЕДЕНИЕ
[image: image2.jpg]Hayunas HeoGoCHOBaHHOCTL OTpac/eil MMULEBOR TEXHOJNOTHH M
npoMeIMNeHHOCTH. TIHINeBast NMPOMBIIU/IEHHOCTh NPH3BAHA BHIPAGATH-
BAaTh H CO3ZaBaTh AJIS JIIOJeH IOJHOLEHHHE BhHICOKOKAYECTBEHHbIE
TNPOAYKTH THTaHUs, OGECNeYHBAOIIHE MAKCHMAJbHOE MXKH3HEHHOE H
TPYAOBO€ [OJIrOJIETHE, BEICOKONIPOH3BOJAHTENbHEIN TBOPYECKHA TPYA.
Mexay TeM OCHOBHBIE OTPac/H NHIIEBON NPOMBIULIEHHOCTH C/IOXKH-
JIHCh CTHXHHHO, COBEPIIEHCTBOBAJIKCh H Pa3BHBANMCh HAa OCHOBE JPEB-
HHX DEMCCCN H CTapunHHbIX OHTOBhHIX yKAafoB. Hcropuueckue Ten
JCHUWH PasBHTHA OKa3aJHCh BecbMa NpPOYHHIMH. Bapka ciaikux cH-
POTIOB H3 GPYKTOB M AroA B GHITY B KOHEYHOM MTOTe NPHBEJA K BO3-
HHKHOBEHHIO CaXapHOH NpPOMBIW/NEHHOCTH, TNepepaboTka KapTodess
Ha KpaxMasl jana Hayajo KPaxMaJONaTOYHOH NpPOMBIUJIEHHOCTH,
BLIIEYKA JIeNeweK U xneba — xne6obyJaounoll, npHrotosaenye Gparu
H CaMOTOHOBAapeHHe — MHBHO# M JHMKEpPOBOAOWHOM NPOMBIIIIEHHOCTH
HT I

CamMu  9TH TPaJHLUHMOHHO CJIOXKHBIIHECS HanpaBJeHHs IH-
WeBO# NPOMBIIJIEHHOCTH HeNb3sk NPH3HATh HAYYHO OGOCHOBAHHEIMH
C TOYKH 3peHust obecneyeHHsi yeJoBeKa Haubojiee NOJHOUEHHHIMH H
TOJIE3HBIMH MPOJYKTAMH MHTAHMS, OTBEYAIOMMMH COBDEMEHHOMY CO-
CTOSIHHIO HayKH O THIHEHe NUTAHHS, THETOJOTHH.

o cHx nop Hayka O IHTAHHH, JMETOJOTHs, POLECCH H anmapa-
Thl TMHIIEBHIX NPOH3BOACTB H THIUEBAst TEXHOJOFHS DPa3BHBANNCH He-
3aBHCHMO JIPYT OT ApYyra.

OnHako Ha COBPEMEHHOM 3STale HayuHO-TEXHHUCCKON POHOJIOUHH
CTaN0 BO3MOXKHHIM MOAYHHHTbL DA3BHTHE MHILCBON HPOMBHUIICHIOCTH
TPeGOBAHHAM NHETOJOTHH, OGECHeUHTh HAHGONLINYIO MOMIOTY HIBJe-
YEHHS M3 DACTHTENLHOTO CHIPbS HCHHEHLLIX BONLCCTH, HPraneranssie-




[image: image3.png]MBIX 4eJIOBEKY NPHPOJOH B BHAE OrPOMHOr0 MHOro06pasusi MHKpO-
2JIEMEHTOB, OPraHMYECKHX KHCJOT, BHTaMHHOB, (epMeHTOB W Ip.
HMuMeHHo 3TO uUeHHefillee MHOrooGpasue MPUPOAHEIX NHUTATEJNbHBIX Be-
LleCTB COBPEMEHHOHA NHIUIEBON NPOMBIIJICHHOCTbIO GE€3BO3BPATHO TY-
OHTCS, passaraercsi B TEXHOJIOTHYECKOM IIpolecce, IepeBOJHTCS B OT-
XOABl, NMOGOYHLIE IPOAYKTH H BTOPHYHblE MAaTepHAJbHBIE PECYpPCHL.
B aTOM COCTOHT BTOpasi OTpHUATeIbHAs CTOPOHA HAYYHO-TEXHHYECKOMH
6a3bl COBpEMEHHOH NHILEBOH NMPOMBIILJIEHHOCTH.

BospMeM caxapHyi0 NPOMBINIJIEHHOCTh: HEIOCPEACTBEHHO NS IIH-
TaHUSl YeJOBEKA MK H3BJEKaeM M3 CBeKJpl julls 10, B ayumem ciy-
yae 12% Bcex IeHHeNIINX NHTATENbHBIX BEIIECTB, COAEPKAIHXCA B
Hel, H TO B BHAE <caxapa. A ocrajbHble NeHHEHIIHE BEIeCTBa, CO-
JAepxkauivecs B CBEKJe, IIPH CYLIECTBYIOIIEH TE€XHOJOIHH HPOMBILIIEH-
HOU mepepaBoTKH CBeKJH G€3B03BpaTHO TepsawTcsd. Takas e KapTH-
Ha COCTOSIHHSI COBPEMEHHOH TEXOJOrHH KPaxMa/ollaTOYHOH INPOMBIII-
aenHoctd. To Ke moJioXKEeHHe H B KOHCEPBHOH HIPOMBILIJIEHHOCTH, TPH
NPOH3BOJACTBE COKOB, BapeHbs, JKema, NMOBHAJNA H 1p. 3AECh TaKKe
JI0 CHX IOp He MPHMEHSIOT «XOJOJHBIX» METOJOB KOHCEPBHDOBAHHUS U
IPHPOAHBIX KOHCEPBAHTOB. B pesynprare TepMHUECKOro BO3IEHCTBHS
NPY 3HAYUTENBHBIX 3aTpaTax SHepPrHH paszjaraeTcss MHOXECTBo No-
JIE3HBIX OPTaHHYECKHX BEIECTB.

Mexay TeM CyLIeCTBYIOT H paspabaThiBalOTCS XOJOJLHBIE TEXHOJO-
HH M MeToAB 06pabOTKH PACTUTENBHOTO H KHUBOTHOTO CBHIPbS, NO3BO-
JISTIOIMEe TTIPH MHHAMAJBHON 3aTpaTe 3HePTrHH A0OMBATHCS H3BJEYCHUS
U3 CHIpbsl MPAKTHYECKH BCEX I(€HHEHIINX MHTaTeJbHHIX BemlecTB. Ilpu
5TOM COBEpLUEHHO MCKJIOUAIOTCS TaKHe SHEPrOeMKHe IPOIECCH, KakK
HarpepaHue, BHIIapUBaHHE, CryleHHe, IeperoHka u mp. Tak, B Ha-
CTOSIILIee BpPEeMsl TOJBbKO MPH IIPOH3BOJCTBE caxapa OecloJe3Ho HCna-
psAIOTCS JEeCSATKH W COTHH THICAY TOHH BOABL. B TO BpeMs Kak IIpH HC-
MOJIb30BAHUH «XOJOMHBIX» TEXHOJIOTHH YKa3aHHBIE MPOUECCH HCKJIIO-
yawTcs, 00Jee TOTO, U3 CBEKJB MOXET ObiTh H3BJEYEH HE TOJBKO Ca-
xap, Ho ¥ ApYrHe colepKalluecs B HeH LeHHeHIIHe BeUleCTBA.

K «XOJOJHBIM» TEXHOJIOTHAM OTHOCSTCH: CYNepKaBUTAUHOHHAS,
3JIeKTPOXUMHUECKasi, KPHCTAJLJIOTHApaTHAsA, MeMOpaHHas, paiHal{oH-
Ho-HOoHHas u np. [TosToMy B Hacrosimiel paboTe OCHOBHOE BHHMaHHE
yaeaserca pa3paboTke ¥ CO3/aHHIO IPHHUMIIHAJIBHO HOBHX 3(p(hEKTHB-
HEIX NPOLECCOB MepPBHIX UYETHIPEX TEXHOJOTMH, a Takxke THJpOJIHHA-
MHYECKHM TpOIeccaM, KOTOPhle, KpOME CBOET0 CAMOCTOSITebHOrO 3Ha-
YeHHs, ABJSIOTCS TaK¥XKe OCHOBOH M 0a30ft BceX APYrHX TEXHOJIOIH-
YECKHX IPOLECCOB, OCYLIECTRBASIEMBIX B JKHIKON cpele.

AHAJIOPM3aLHUs TeXHOJOrHUECKHUX NPOLEccoB KaK cpeacTBo 00o0uie-
HMg, YrayGJaeHHOro aHanW3a WX MEXaHW3MOB M Pa3palOTKH METONOB
HHTeHCH(PUKauuu. AHAJOTHSI B IPHUPOLEe LIMPOKO HCIOJbL3YeTCs B Hay-
K& H HayuHBIX HccaenoBaHusax., DPDHEKTHBHOCTb 3TOTO HCIOJIb30BaHHS
eure 6oJee BO3PACTAET, €CAH OT NAaCCHBHOH (UMKCAlMH aHAJIOTH# Te-
pefiTH K HX YCTAHOBJEHHIO ¢ IMOMOILIBIO perJaMeHTHPOBAHHBIX HeJe-
HamnpaBJeHHBIX HPHEMOB, KOTOpPHIE MOXKHO OObeNHHHThL B BHJE €IH-
HOrO MeToJa — MeToja aHaJIorH3allHu, TeCHO CBsI3aHHOTO C MareMa-
THYECKHM OTHCAHHEM IPOLECCOB.




[image: image4.png]Paspuforka mMeTon0B MHTEHCH(PUKAUMH TEXHOJOTHYECKHX npouec-
COB MHUINEBBIX M XUMHYECKMX nmpousBoacTB [1—6]. Ilox uutencuduka-
niell 1ponecca mOAPasyMEBAETCS €r0 YCKODEHHE 3a CUeT YBeIHUCHHS
HIVICHCHBHOCTH, MHTEHCHBHOCTD NpOIECcCa MOXKHO yBEJNHUHBATL KaK 3a
CUCT IOBBIIEHHS NMapaMerpoB IIPOHEcca MABHXKYLIHX CHJA M HalopOB,
HOBLILES OTEHUHANBl, TaK H 34 CYET CHHIKEHHS CONPOTHBJCHHH SB-
JCHHSAM NepeHoca, NPHMeHAs BHELIHHe W BHYTPEHHHE MakKpo- M MH-
KDOCKOIIHYECKHE BO3AEHCTBHS.

YBenuyeHHe HHTEHCHBHOCTH IIpolecca ITOCPEJCTBOM NOBBIIEHHS
€ro napamerpoB (TeMIepaTyphl, AaBJeHHs, HANPSKEHHS, AeHCTBY IOIHX
CHJI H Tp.), KaK IPaBHIO, OGYCJHOBIMBAET W YBEJHYEHHE SHEPros3ar-
par. CoBpeMeHHble TEXHOJIOTHUECKHE IPOLECCH JOCTATOYHO CJOMKHEI
¥ TIpeACTaBAAIOT cO60f cOueTaHHe LeJOro psila 3JeMeHTapHHX po-
1[&CCOB, COENHHEHHHIX MEXKAY COOOH NPOCTPAHCTBEHHO-BPEMEHHOH le-
IIOYKOH, T. €. 3TH HPOUECCH NOCAEL0BATENbHO NPOTEKAIOT B NMPOCTPaH-
CTBE U BO BPEMeHH. [l 3jeMeHTapHOro Ipouecca ero HHTEHCHB-
HOCTb  (IIPOM3BOAMTENBHOCTb) ONPEACAseTcs BEAHYMHON YAENbHO-
FO NOTOK&, KOTOPHH CBsi3aH ¢ ABHXKYLICH CHJION yepe3 rpalHeHT ofnpe-
Jeqasiolero mapaMerpa npouecca u KoaQQHIHEHT HHTEHCHBHOCTH
nponecca. KoshpHuuenT MHTEHCHBHOCTH NPOIECCa OTPAXKAET: TPOHH-
aeMocTh (NpH (GHJIBTPOBAHHMH), TEIIONPOBOAHOCTh (NPH TEmJONepe-
HOCE TEMJIONPOBOJIHOCTRIO), MAacCCONPOBOZHOCTb (IPH KOHAYKTHBHOM
MacconepeHoce), 3JeKTpo- H MAarHHTONPOBOAHOCTh, HCHapeHHe, KOH-
HAeHcanuo, afcopbuHioo, nudpoysuio, (as3oBHE Nepexol, XHMHUECKHE
IpeBpalleHnsi, CKOPOCTh peaKIHH, KpHCTa/JH3anuio @ Ap. MssecrHo,
YTO Ha TpaHHlle pasjena (a3 B Hpolleccax NepeHoca BO3HHKaeT CKa-
YOK mapamerpa, onpelensiomlero ABHXKYLIUA Hamop. Baussa na Koad-
(UIMEHT MHTEHCHBHOCTH 3JIEMEHTaPHOrO MpOUEecca C MOMOLIbIO pas-
JHYHHIX (H3UYECKHX BO3AEHCTBHU, MOXKHO JHGO 3aTOPMO3UTh (MOJa-
BHTb), JHOO YCKOPHTb (HHTEHCH(DHUHPOBATH) IPOTEKAIOLIHH MPOIECC,
NPH 3TOM BHYTpPEHHEE CONPOTHBJEHHE IEPEHOCY YBEJTHYHBAETCHA HJH
cHHMKaeTcsl. Takoii Meroj TMOJaBJEHHs! HeXKejaTeNbHBIX HJIH HHTEHCH-
(HKauHH OCHOBHHIX HpOIECCOB, Kak INPaBHJO, He TOJbKO He Tpebyer
JONOJHUTENBHLIX 3HEprosaTpar, Ho H HaAo60pOT, YACTO CONPOBOXKIA-
eTC X 3HAUHTEJNbHBIM CHHXKEHHEM.

KosbhuuueHT HHTEHCHBHOCTH IpPONECCa 3aBHCAT OT LlapaMeTpoB
nponecca U cpeAw ¥ css3anbl ¢ Kosbounuentamu Onsarepa, Teopus
Omnsarepa He paccMaTpHUBAa€T HX CTPYKTYPY H (PH3HYECKYIO CYUIHOCTB.
CTpykrypa H ¢u3HYecKas CYWHOCTh KO3 (GHUUHEHTOB HHTCHCHBHOCTH
paccMaTpHBalOTCS HAMHM BHauyaje Ha YacTHBIX IpHMepax C YUeToM
THCTEpe3HCHBIX sIBJEHHH, xapakTepa 3aBHcHMocTeH KO3(D(OHIHEHTOB
HHTEHCHBHOCTH NpolLecca OT pas3jHuYHBIX TapameTpoB, a 3aTeM Mpo-
H3BOASITCS COOTBETCTBYIOIIHE 0600IIeHnsI. YUAThIBAIOTCA TakKxke (haso-
Bhie 3¢ deKTs, caBUr a3 mapamMeTpoB IpoLecca B NPOCTPAHCTBE H BO
BPEMEHH, IPHUHHMAIOTCSI BO BHHMAaHHUe SABJCHHS peTapjalMH H peJak-
CAllUH H TIp.

Jst CNOXKHBIX TEXHOJOTHYECKHX MPOLIECCOB, BKJIOYAIOUIUX Psij dJIe-
MEHTAaPHBIX, YCTaHABJIHBAIOTCS CTAJMH, 3TANBl W 3JEMEHTapHBE IIPo-
LEeCCH, JIUMHTHPYIOHINE W OrpaHWuYMBAalOIIHE CKOPOCTh TeUeHHUs1 (HH-
TEHCHBHOCTb) 0OOIIero cjoxHoro npomecca. M yxke mocie atoro pas-




[image: image5.png]pabaTHBAIOTCA CPEICTBA M METOAB HHTEHCHHKAUHUH. YCKOPEeHHIO
¢/I0KHBIX IIPOLECCOB CHOCOOGCTBYET H HX ONTHMH3anus, yCTaHOBJIEHHE
ONTHMAJbHBIX PEKHMOB OCYIECTBJICHHUS.

[IpuHSTO CYHTATh, YTO HHTEHCH(HKALHUs HE NPHHOCHT SHEpreTH-
OCKHX BBITOJ H YTO OCHOBHEIE MOKAa3aTelH €€ SKOHOMHUYECKOH 3(-
()CKTHBHOCTH ONPEAEAIOTCS JMIIL YMEHbUICHHEM MaTepHalOeMKOCTH
i rabapUTOB ammapatoB W MauwuH. Ecan ¢ 3THM MOXHO COrJIaCHTbCH,
0, KaK YK€ YKa3blBaJ0oCh, TOJBKO B CIyyae MHTEHCHPHKALHH 33 CYeT
NOBHIIEHHST MApaMeTpoB npouecca. B Apyrux xe ciaydasx yseaunue-
1€ HHTEHCHBHOCTH npolecca, o6yC/JIOBJIEHHOE CHHUMKEHHEM CONpPOTHB-
JCHHH, COKpallaeT BpeMsi ero NpoBeAeHHst He IPONOPUHOHAIbHO 3a-
TpaTtaM Ha CHHIKEHHE CONPOTHBJIEHHH, a B 3HAUHTENBHO bosbliel cTe-
IIEHH, W, CJAEROBATENbHO, CHHxKaeT oOLiHe SHEPro3aTpaThl, YBEJHYH-
BaeT NMPOU3BOJHTENBHOCTb aNlapaTos.

dopmanbuo noayuaem Jit=Jotp=const B NpeAnoJOxeHHH, 4TO
Jy B J; — HHTEHCHBHOCTbL TE€XHOJIOTHYECKOro IIpolecca COOTBETCTBEH-
110 A0 W rocie HHTeHcuburauuud (Jo>J\), T ¥4 T2 — NPOAOIIKHTENb-
1OCTh TepepaGoTKH ONpENeJeHHOr0 KONHYECTBA CHIPbS M IIPOAYKTA.
I3 sToro cnenyer, uro 3(bEeKTHBHOCT HHTEHCH(PHKAUHH COCTOHT
5IKOGBL TOJIBKO B YBEJHYEHHWH MPOH3BOAHMTENbHOCTH J. OgHAKO BHYT-
YCHHH CMBIC/ JIEFKO PACKPBIBAaeTCS] KHHETHUECKHMMH COOTHOLIEHHSIMH.
lanpumep, mpu MaccooGMEHHBIX Ipolieccax NOTOK Belnects j;=BAC=
- —DgradC no unrencuduraunuu jo=j1+Aj = (3+AB)A(C+AC)=

= —(D+AD) (gradC+AgradC) nocae.

3pecr B — xkosdduuuenT wmaccoornayd; AC — pasHOCTb KOH-
ICHTpauuil — ABHXKYILash CHJIa Npolecca macconepeHoca; D — koad-
uument auboysun; A, AD, AgradC, AAC — npupauleHse COOTBeT-
CTBYIOHMIHX NapaMeTpoB, BHI3BAaHHOE HHTEHCH(MHUUDPYIOIIMMH BO3JAEH-
crpusMe M usnyeckuMu 3ddekrami, T. €. 6e3 MOABOILA ABHKYILErO
tlamopa Tpollecca HW3BHE, 32 CYET BHYTPEHHHX ABHKYIIMX CHJI NPOUEC-
ca, noby:xkaaeMblx HHTeHcHHUupyOWMM cpeiactsoM. Hamnpumep, B
IpOLECCe TPECCOBAHHSI NMPH HCIOJb3OBAaHHH BHOpamMil HJIH B TNpOLEC-
ce uaprpoBaHHsl OpH NPHMEHEHHH THAPABJHYECKHX NYyJbCalHi HH-
FCHCHBHOCTD OTJAGJEHHS Bjaru | GyAer AOCTHTAThCA HE 3a CYET YBe-

, k
JiluenHdst AasjeHust P B ero nepenaja AP(j:—— — gradP), a Tmo-
i

CPCACTBOM BO3AEHCTBHA KOaeOaHHI HAa NPOHHIAEMOCTb TBEPHLOTO CKe-
Aeta kv IpH ee yBenandeHuH. TakuM o6pa3oM, HHTEHCH()HKANKUS NPO-
fiecca mpousoifer 6e3 yBeauueHHs P M gaXe NMPH €ro yMEHbLIEHHH,
JHCPTO34aTPATH TIPH 3TOM CHH3ATCH.

Unrencunuupyromue Bosneitcreus. O6iiue npeicTaBleHuss O BO3-
WOMHOCTAX H CYIIHOCTH METOAOB HHTEHCH(MHKANHH TEXHOJOTHYECKHX
NPOLIECCOB MOKHO COCTABHTh Ha OCHOBE aHajH3a OOWIHX YypaBHeHHH
vaccorensionepenaun [7]:

w, = —rFAC: (B.1)

dt

w, =3 —p FAT, (B.2)

T .




[image: image6.png]Tle W, W, — CKOPOCTb NpOLecca Macco- H TemIooGMeHa, BHIpaMKeH-
Hasl KOJIMYECTBOM BellecTsa M u TemynoTn Q, mepepasaeMbIM H3 OAHOM
¢asel B mpyryio 3a Bpems T; £ H R, — KO3()(DULUHEHTE Macco- ¥ Te-
njonepenayd oT oaHOH ¢assl K APYrofi, npeacrapasioiige coboii 1o
aHAJIOTHH C KHHETHYECKUMH COOTHOWICHMAMH KOHCTAHTHl CKODOCTH
npouecca; F — NOBEPXHOCTb CONPHKOCHOBeHHs (a3; AC u AT —
IBHKYLIHE CHJABl IpoUEcca, YHCAEHHO OlNpeaessieMbleé COOTBETCTBeHHO
PasHOCTbI0 JAEHCTBHTE/NbHOH H PABHOBECHOH KOHUEHTPALUH B OHOM
U3 (pa3 U pas3HOCTBIO TEMIIepaTyp.

s ypasnennit (B.1) u (B.2) cnenyer, uto yckopeHnus mpouecca
MOXKHO [OCTHYb YBEJHYeHHEM NapaMEeTPOB, BXOMALUHX B MpaBhle
9acTH ypaBHEHHH.

Hast Gonee noapoGHOro aHaiH3a MEXaHH3MOB [EPEHOCA KaxKJOro
npouecca uenecoob6pasto NPHBIEKATh TEPMOAHHAMHKY HeoGpaTHMBIX
npoueccos H teopuio OH3arepa, MO3BOJSIOIHX BHSBAATE 060GIILEH-
Hble TepMOAMHAMHYECKHE CHJB H CONPOTHBJCHHS IepeHoca H pac-
KPBIBATh MEXaHH3M B3aHMONCHCTBYWOWMX fABJeHHH. TakoMmy aHa/Ju3y
OyayT cnocoGeTBOBATH H METOAB LIMDPOKOH AHAJOTHH — AHAJOrH3a-
UUs NPOUECCOR, HCHONB3YEMBIX B HaJbHEHIIeM.

Macconepenaua Moxker npotekats B AHD(Y3HOHHOH, KHHETHYEC-
KO# oOsacTd Hau B 00JaCTH CMEIIAHHOH KMHETHKH. B auddysuousoi
o0acTH MaccollepeHOC OrpaHHYMBaeTcst mpoueccoM auddys3uu pearu-
PYIOIIHX BELICCTB, B KHHETHYECKOH — CKODPOCTBIO XHMHUECKOH peak-
uuM, B 06J1aCTH CMellaHHON KHHeTHKM HabawonarmTtcs ofa daktopa —
KaK CKOpPOCTb AH(D(GYSHH, TAK U CKOPOCTb XHMHUYECKOH DPEaKIWH.

Veennuenna xoshduuuerHta macconepenaud s auddysaonsoin o6-
JIACTH MOXKHO JOCTHYb NOBBIIIEHHEM Ko(pPuuHeHTa 3(PQPeKTHBHOH
A dysuu, comepKaliero yactubie Kospohuuuentst THGOY3HH KOMIO-
HeHTOB ((a3) W 3aBHCALIEro OT TeMIIepaTyphbl, [AaBJEHHUs, MOJIEKY-
JISIPHOTO Beca, KOHUEHTPALHH, JHHEHHOH CKOPOCTH ABHXKEHHs B3aM-
MOJIeHCTBYIOWHX (a3, (QHU3NYECKHX CBOHCTB Cpelwl, CTeNeHH TypOy-
JIEHTHOCTH IIOTPAHHYHOTO CJIOSl M APYTHX (PAaKTOPOB.

TypOyausauus ¢$as U NOTOKOB, HCIOJb30BAHUE BBICOKHX NapaMer-
poB (TeMmepaTtyphi, [AaBJeHHS), YBCJIHYEHHE CKOPOCTH JBHIKEHHS
¢$as u apyrde MakpOCKONHYECKHE BO3JEHCTBHS CYILECTBEHHO ¢1toco0-
CTBYIOT pocTy Koadduurenta Macconepenaud. OZHAKO MAaKPOCKOIH-
YeCKHMH BO3IEHCTBHSIMH He OrpPaHHYMBAETCH BO3MOXKHOCTh H3BICKA-
HHS HOBHIX 2(deKTHBHBIX MeTOJOB HHTEHCH(HKAUHH Nepesoca B pa-
Gounx cpenax.

[lepesoc BeiiecTBa yCcKOpsieTCSl TaKye PA3AMUHLIMM BO3AEHCTBU-
SMH Ha MOJIEKYJISIPHOM H aTOMapHOM YypoBHAX. CyIHOCTb 3THX SB-
JIEHH#I BBISICHSIETCSI, HAlpUMED, ¢ MOMOIIBIO (heHOMEHOJOrHYeCKHX Me-
TOJOB TepMOJHHAMHKH HeoGpaTHMBIX NPOLECCOB.

BHewnre BO3JEHCTBHS HA TMPOLECC OCYIHECTBJSIOTCS HAJJOKEHHEM
CTALHOHAPHBIX CHJIOBBIX HoJeH, N0 LEHTPOOEXHBIX CHJ 3JEKTPO-
CTaTHYECKHUX, MArHHTHBIX, YJAbTPa3BYKOBHIX HMIIyJbCOB, 3JCKTpHYEC-
KHX Pas3psiioB, CKPEIIEHHBIX 3JEKTPHYCCKOrO M MarHHTHOro mnosei. B
HEKOTOPBIX CAydasix 3HAUUTENbHON HHTEHCHHKALHH MOMXHO AOCTHYb,
NOJB3YSICh HECTALHOHAPHBIMH BO3ACHCTBUSIMH TMOJIeH, HANpPSXKEeHHOCTh
KOTOPBIX H3MeHseTcsl BO BpeMeHH.




[image: image7.png]OcraBasist 2T0T BOHPOC AJil MOCJEAYIONEr0 PacCMOTPEHHs, KpaT-
KO 0XapaKTepH3yeM BO3MOXKHOCTH BJIHSIHHSI Ha OCTaJbHBlEe HapaMer-
pel npaBoi yacTu ypaBHeHu#t (B.1) n (B.2).

HBuxymas cuia nponecca AC MOKeT GHITb BbIPaXK€Ha PasHOCTBIO
TeKyllell KOHLEHTPaUHH KoMnonenta C B OTZalolled (ase U paBHO-
BeCHOH ero KoHuenTpanuu C,, pa3HOCTbIO NMaplHajbHBIX JaBJICHHI
TOTJIONa€MOr0 KOMIIOHEHTA HAJ PacTBOPOM K GoJiee CAOKHBIMH 32BH-
CHMOCTSIMH, O0YC/IOBJIEHHBIMH TIPAMO-, IPOTHBOTOUHBIMH H HeEpeKpecT-
HBIMH TOKaMH Pa3/IHUHOA KOMHNO3HUMH. B caMoii KOMNO3HUHH ompe-
JeJAeTCsl KOHCTPYKTHBHBIMH OCOGEHHOCTSMH Aanllapata M OKas3bBAET
BJHSIHHE Ha BBIYHCIAEMYI0 BENHUHHY cpennesdekTHBHOH pasHOCTH.
[Ipu atom cpenHesexTHBHAST BENHYHHA JBHXKYLIEH CHJB BhHIpa-
J)Kaercsd KOHLIEHTPALHAMH Ha BXOJe B ammaparT H KOHEUHHIMH Ha BHI-
X0le M3 HEro, WM HX PasHocThio. [l amnapaTtos MOJHOrO cMeleHHS
cpennss nBmxyinias cuna AC,, paBHa KoHeyHOH AC, Ha BHIXOZE H3
annapara. Briuucsaenne AC, B annaparax cMelieHMs THPOUIBOAMTCA
Ha OCHOBE TEOPHH pPEaKTOPOB C HCIOJb30BaHHEM Pas3MYHBIX MaTeMa-
THUECKHX MOJEJEH M METONOB MAaTEMaTHUYeCKOTO MOJeJHpoBaHusa. B
peaspHbIX anmapartax cmeinieHus AC., 3aBHCHT OT CTeNeHH mepeMe-
wuBaHusa [1. Takam o6pasom, B obwem cayuae AC.,=f(C, C,, P, T,

I1), rne €, C, — COOTBETCTBEHHO TeKylllasg H PaBHOBECHAS KOHIIEH-
Tpauusi NepeHOCHMOro KOMIIOHeHTa B oTjawoouiei ¢dase; P — pasie-
uue; T — temneparypa; Il — creneHsp nepeMeimnvBanus ¢as B amnma-
pare.

YBennuyenve NBHXKYLeH CHJAHI Tpoliecca AOCTHTAGTCS NOBBILIEHHEM
KoHueHTpauuu .C KOMIIOHEHTa B OTJAAWOIIEH ¢)ase, HalpuMep, B raso-
Bo#i npu abcopOUHM M KOHAEHCAUHHM HJH B XKHAKOH NpH JecopOnuH,
neperonke, Tor ke a(p(deKT NOCTHraercsi MOHHKEHHEM KOHUEHTpPALHH
C, B npunumaiomeil ¢ase, IloBriieHYe TeMIepaTypsl BLI3LIBAET yBe-
Juuenne C, H, CleJOBATeNbHO, TNOHHXKEHHe ABHMIKYILHeHd CHJAB mpu ab-
cop6uun. Ilpm Zecopbuuyd H HCIApeHHH HalpaBJeHHE TIpoHecca H3-
MEHSIETCS, UTO BHIpAXKaeTcs H3MeHEHHeM 3HakKa B [BHXYILe#l cHie
AC=C,~—C. JIas1 3THX NPOLECCOB ABUXKYIIAsl CUJA YBEJHUHBAETCS C
BO3pacTaHWeM TEMIEpPaTypH. YBEJHUCHHe ABMXKYUieH CuJbl ¢ BO3pacC-
TaHHeM TeMIepaTyphl IIPOHCXOAMT TaKxkKe B KHHETHUECKOH o6jacTu
BefeHHsT TPOILECCOB COOTBETCTBEHHO YypaBHEHHIO AppeHHYyca.

HOasi uaTeHcH(HKALIMKA NPOIECCOB INepeHOCa IpeACTaBJsieT 3HAUH-
1C/bHEI HHTEpeC pa3paloTKa CHEHMaJbHBIX METOAOB YBEJIHUYEHHS
ABUKYIIeH CHJBL mpolecca. DTH METOAB MOTYT OBITh OCHOBZHHI, Ha-
HpUMEp, Ha CEJEKTHBHOM BHICAJHBAHHH H OTOODe KOMIIOHEHTAa B INpH-
nuMaroiell ¢dase, Ha COeAMHEHHH pa3JIMYHBIX MPOIECCOB SKCTPaKINH,
[IC)PEHOCE COOTBETCTBYIOIIMX KOMIIOHEHTOB 4epe3 HOJYIDOHHUAEMBbIE
mem6pansl. TakuM nyTeM BO3MOXKHO Kak yckopende nuddysuu xena-
IC/IbHBIX BEIIECTB, TAaK M IPENsiTCTBHE BHINEJAYHBAHHIO HEXKeJaTesb-
ix. Oas sTux xe nenefl MoXer CAYXKHTb COBMEINEHHE IPOIECCOB
nficopbIMH H3 Ta3a B XKHIAKOCTb C OJHOBPEMEHHBIM BEIBOJOM KOMIIO-
flelTa M3 KUAKOH (ha3el ¢ MOMOIIBIO Npouecca KpucraJaiausanud. Ilo-
d0(inpIM ke 06pasoM MOMKHO NOCTPOHTb H APYrue cOBMEUIEHHBle HpO-
neeepl, HaOpHMeEp, HCHapeHHe — KOHAeHcauus; abcopOUHs — KOH-
enealtus; abeopOuus w pecopbuust, aupdysus — KpHCTANIH3ANHA;




[image: image8.png]Aubdysus — yabTpaduibTpanys; KPHCTANIH3ALHS — Cenapamnus
TBEPAOA (Da3bl ONpENETEHHOro pasMmepa (OCaxKAeHHeM, LEHTPU]YIH-
poBaHHEM).

BennunHa 1mOBepXHOCTH KOHTaKTa (a3 ONpenessiercs THAPOLHHA-
MHUECKHM DeXHMMOM IIponecca, KOHCTPYKUHel amnmapaTa, H3MeHEeHHeM
CTeNeHN HM3MeJbYeHMsT ¥ (PAKUHOHHOCTH JHCIEPFMPOBAHHOTO KOM-
IIOHEHTa B XOJ€ BeJleHHs iIporecca.

Kax caenyer u3 ypasnenuii (B.1) n (B.2), unreHcudukauus npo-
liecca LOCTMTaeTcsi CO3JaHNeM MaKCHMaJbHOH HOBEPXHOCTH KOHTAK-
Ta (as. MeroAbl yBeJHUEHHS MOBEPXHOCTH CONPHKOCHOBEHHS MOLYT
OBITb pa3jHYHBIMH. Tak, B CHCTeMe «XKHAKOCTh—Ta3d» yBeJudYeHHE Io-
BEPXHOCTH KOHTAKTa JOCTHTAeTCs! paclipelesneHHeM JKHAKOCTH B BUIE
TOHKOH IIJIGHKH Ha HOBEPXHOCTH HAaCaAKH BHYTpH OGBEMa KOJOHHHI,
OopraHusanuell IJIEHOYHOrO TEUEHHUs! MXKHAKOCTH BHYTPH TPYy6 HJIH Ma-
KeTOB IIJIACTHH, NUCIEPrHPOBAHUA XKUAKOH cpefbl NTHEBMaTHYECKHMH
HJIH MEXaHHYeCKHMH (OpCyHKaMH B oObeMe HJIH IOTOKE ra3a BHYTPH
fI0JIOro ammapara, CO3ZaHHeM CTPYHHOTO peHMa B allaparax cMe-
LUEeHHS, AHCIEPrupoBaHueM rasa B oObeMe HJIH NMOTOKE XKHUAKOCTH MMy-
TeM Gapboraxka H, HaKOHell, CO3AaHHEM B3BELIEHHOTO KHIALIETO CJIOS
JIOABHXKHOH MEHBl B TapesbyaThix anmaparax, paboTamlHx B MEHHOM
pexume. B nocinenseM caydae co3ZaloOT PEXHMBI HHTEHCHBHOTO Iepe-
MemuBanusl pas, cnocoGeTBYIOWHE HENPEepHIBHOMY OOHOBJIEHHIO MIO-
BEPXHOCTH KHAKOCTH, ycrpaHsomemy AKGOY3HOHHBe CONPOTHBACHUS
Ha TOBEPXHOCTH pasjiena (a3 u CnocobCTBYIOIIME yBeJHYEHHIO KO20-
<DHIHEHTOB MAacCCOTeNJIONepenayHq.

B cHcremax «KHJIKOCTh — TBeplOe TENO» W «ra3 — TBepAOe Te-
JIO» YBEJHUEHHsS MOBEPXHOCTH KOHTAKTa JOCTHTalOT H3MeJbUYeHHEM
TBEPIOro Tejla B XOJ€ Ipoiecca IyreM BBeJeHHs1 aGpasHBOB M HC-
TIOIb30BAHMST U3MEJbUAIONIHX YCTPOHCTB, a TaKXKe METOJOM B3BeHIH-
BaHHA TBepIOH a3pl H MEXaHHUECKOro NepeMelIHBAHHs pPeaKIHOHHON
Cpesbl.
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OBLUUE CBEAEHNA

O TEXHOJNIOMTMYECKUX MPOLIECCAX,
DUSNYECKUX SDDEKTAX

U METOAAX MHTEHCHUDUKALIMA

§ 1.1. KNACCUDUKALMNA TEXHONOMMUYECKMX TMPOLLECCOB

TexnosordueckHii  Ipomecc — 3TO MpOLECC ILeJeHalpaBJIeHHOro
Bo3aeficTBHA pa6OuYMX OpPraHoB HJH (H3HKO-XHMHYECKHX (HaKTOpOB Ha
o6palbaTeiBaeMylo Cpely C IeJbIO [I0JNyYeHHs ONpeaeeHHOr0 KOHEUHO-
ro pesysapTata. B KavecrBe Takoro peayJbraTa MOMKET OHITb COOT-
BETCTBYIOLICe (DH3HUECKOe, XHMHYECKOe IIpeBpallleHHe HJIH MexaHH-
4yecKoe Ipeobpa3oBaHHE Pa3MEpPOB YaCTHI: Pa3feeHHE KOMMIOHEHTOB,
BHIEJEHNHE I[I€JeBOr0 KOMIOHEHTa, H3MeHEeHHE AarperaTHoro COCTOs-
HH$, H3MeJbUeHHEe YacTHI, cMemenue ¢a3 u mup.

B 3aBHCHMOCTH OT (PH3HUECKOH CYIIHOCTH BCe IIPOLECCH paHee
pa3flensanuch Ha yYeTelpe Kiacca: 1) MexaHHUEcKHe; 2) THIAPOAHHAMU-
yeckHe; 3) TemsoBhe; 4) maccooOMeHHble [7T—22].

Onunako pa3BHTHE TEOPHM TNPOILECCOB IIPHBEJNo K GoJiee geTaibHON
ux auddepennnanuu. Hamu npeanaramwres Takue KJacCh NPOUECCOB:
1) mexaHHueckue; 2) rHApOMeXaHHUYRCKHE; 3) pasjeleHHMs H CMeHle-
JIUSI TEeTEePOreHHBIX cHcTeM; 4) TeIIONPOBOAHOCT, H  AH(dy3us;
5) KOHBEKTHBHHIH TemnooOmeH; 6) rtensnoobMen ¢ (a3oBHIM IpeBpa-
LIeHHEM, CONPOBOXKJaeMBIH MacCOIEpeHOCOM; 7) COBMECTHEI TEemIo-
MacconepeHoc; 8) MexaHOTEIJIOBEIE H TemJoMexaHHueckHe; 9) macco-
oOMEHHEIE.

Hanuyue pmeBsiTH KJIAaCcCOB BMECTO UYETHIPEX MOXKHO OODBSCHUTD
3HAYHTEJbHHIM Da3BUTHEM TEOPHH H NPAKTHKH DsAla IpoueccoB, 00b-
CAMHAEMBIX OOGIMHOCTBIO (U3HYECKHX sBJEHHH, a TakKxke MaTeMaTH-
4ECKOTO OINHCAHUSI U aHaju3a. KaxXKOBli H3 3THX KJIaCCOB BKJIIOYAET
IIPOLLECCHI, OCYLIECTBJSEMEIE C HOMOILLI0 (DH3HYECKHX BO3JEHCTBHH
0JHOH KaKOK'TO (H3HUeCKOH INpHPOAB H NOAUHHAIOLIHECS OOIIMM
(hyHaMe€HTaJbHEM 3aKOHaM.

MexaHuuecKne mpoLecCh

Apo6Jienre d M3MespueHHe TBEPAHIX NPOAYKTOB H Tel, NTOMOJ

JIE3HHTErpalus H JHCMeMOpaluus

BHOpalOHHbIE TpOIeccH, BubponepeMeuienue, pubponepeMenin-
winue

BHOPOTPAHCIOPT CHIMYYHX MaTepHaJOB, Bnépoymomenﬂe

pe3aHHe MaTepHanoB, BUOpopesaHHe

COPTHPOBaHHE K KJacCH(OHKaLHsd, NpoCeHBaHHe, TpHEPOBaHHE

(bopMOBaHHe MJAaCTHYECKHX MaTepHuaJjoB, BaKyyM-thopMoBaHHe

MEeXaHUuecKasl aKTUBANUS NOPOIUKOB

¢'yXo0e npeccoBaHHe NOPOLIKOB, OPHKETHPOBAHHE
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AO3UPOBAHKE CHINYUMX MATEpHAJOB

HHEPUHOHHOE CelapHpPOBaHHE

MAarHHTHOE H 3JIeKTPHUYECKOe CellapHpOBaHHe, HCOAb30BaHne MI I~
u I I-addexton

IIPOLECCH B BHXPEBOM 3JEKTPOMArHHTHOM CJIO€

rpaHyJHpPOBaHHE

FuapomexaHHyeCKHE NPOLECCHI

MOHKa (mie0OHsl, CTPOHUTENBHLIX MAaTepHaJiOB, Aerajed, pacTHTeNb-
HOTO ChIpbfl). MeToapl HHTEHCHOUKAUMH — HCNONB30OBaHHE AKTHBA-
HHH MOEYHOH BOJBI, YCHJEHHS UUPKYJNSALHH MOKIOUIEH cpeibl, npHMeHe-
Hue kaBuTauu, spdekra JI. [I. IOTtkuna (rupposgaekTpoyrap), Bu-
Opauuii, ny/nbcauuil, HHGpa- W y/AbTpasBykKa, BHOPOTYPOYJIEHTHOCTH,
TypGyJ/JaeHTHBIX CTPYH [2-—4, 23, 24]

npo6ieHne H H3MeJbYyeHHe TBEPABIX YACTHII B XKHIKHX H Taso-
o6pasHbBIX cpelax, KJIacCU(pHKALHs, KaBUTALHOHHOE ApOOJeHHE, HC-
HoJb30BaHUe YAApHHX BOJH [3, 23, 24], mpomeccsl B CTPYHHBIX MeJb-
HHIIAX, H3MeJpYeHHe H IIOMOJI.B Ta30BBIX H BO3AYUIHBIX CTPYSX, Ka-
BHTallHOHHOe pacnylinsaHue acbecra [25, 26] u napobGaenue kpax-
MaJIoCOnepKalero cupbs [25, 27, 28]

KABUTALNOHHO-KYMYJisITHBHAS AKTHBallWsi BSXKYHIMX BELIECTB (H3-
BeCTH, uementa) [3, 24—26]

pesaHde MaTepHaJoB (THAPOIMHAMHYECKAs TEOpHS), pe3aHue
CTPYSMH BBICOKOTO JaBJICHHS

rOMOTEHH3alMs MYJNbCHH U AHCIEPrupoBaHHe cycneHsuit 3, 4, 29,
30], kaBHTaUHOHHAs TOMOreHH3aUHsi ¥ AucHeprupoBaHue [3, 24, 25,
31 ‘

rufpokaaccupuranus [23] .

IIPOLECCH ITHEBMO- H IHApoTpaHcnopra [23]

XKuAKoe (hopMOBaHHE ITACTHUECKHX MaTepHaloB, JIUThE, 3aloJiHe-
Hue popm

KaJaHApPOBaHHe M BaJplieBaHHE BSIBKONNACTHYECKHX MaTepHAJIOB

ocaxkJleHHe B IOJe MacCOBBIX CHJI, MEXJy KOHHYECKHMH IOBEpX-
HoctsaMH [2, 4], mponeccsl B NakeTHHX OTCTolHHKax [2, 4], oTcTan-
BaHHe, MOKpas KhaacCcH(pUKalus, pasiefenHHe Mo (ppakuusiM, ocaxie-
HHE B TOJ€ IPABHTANMOHHBEIX, LEHTPOGEIKHEIX MATHHTHHIX H 3JEKTpH-
vecknx cua [2, 4, 32], yapTpasBykoBoe ocaxienue [2, 4], yramene-
HHE YaCTUL YJIbTPA3BYKOM, CKPCUIEHHBIM 3/CKTPHUECKHM M MAarHHT-
HBIM mossMu 2]

oCa)JeHHe B T0JIe 3JEKTPHYECKUX CHJI

MarHATHasi ceguMeHTauns [32—39]

akycTaueckoe rpsizecryuienune [3, 40]

¢puabTpoBanue [2, 32, 42—62]

BakyyM-(GuabtpoBanue [32, 42]

IPOLECCH TNPONHTKH BOJOKHHCTBIX ~ MaTepHAaJsIOB, H3IOTOBJICHHE
KOMIIO3HLHONHLIX MAaTepHaJ0B GecCpOMHTOUHON TexHomoruei [32, 59]

06e3BOKHBaHHE B FPABHTALHOHHOM [oJje, BHOpalHMOHHOe 06e3BO-
>xuaBanue [18, 63—69]
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npouecchl HaHECEHHS] TOHKHX HOKDPBITHIH: IOrpyxeHHEe, PacTpOBHIf
# pakeJbHbI MeTow [70]

npouecchl KaBMTAallMH{, T€HepalHH IyJdbCallHil, yAapHLIX BOJH, HC-
'IIOJIbBOB]aHI/Ie IyJNbCAUHOHHBIX U KyMyJAsTHBHBIX 3hdekTo [3, 23—25,
71—100 !

OapboTupoBaHHe rasa B KHAKOCTH [73, 101—105]

pacnnsesne xuaxocreli [106—109]), nByxdasuble TypOynaeHTHEIE
CcTpyiiHble TeueHust [37]

raApOAMHAMHUYECKHe @poueccs B peakropax [1, 2, 110—122],
BHyTpHannaparuag rugpomexanuka [110—180], runpomexanuka MHO-
rodasHbix notokoB [37, 106, 123—188]

Hpoueccu paspeNeHud U CMCUWICHHUHA TFETEPOreHHbIX CHCTEM

pas3jesecHre TeTePOr€HHBIX CHCTEM B IOJe HEHTPOOEXKHBIX CHJI H ¢
NIOMOIIBIO TMONYNPOHHIAeMEIX MeMOpaH [32, 33]

IManu3, obpaTHHH O0CMOC, 3JeKTpoananus [34—36]

cTpyiinbie TeueHust [24, 37—39], cnaownsle crpyu [189], ynapHo-
CTPYHHBIE M JKHIKOCTPYHHEIE anmapaThl H IPOHECCH B HHX [2, 6, 39,
190—194]

pacnbliMBaHMe ¥ QUCHEPrpoBaHHe IKHAKOCTeH B rasoBofi cpeje
[37, 106, 107, 109] kax mpoueccsl pasfeneHus

roMorenusauus smyJescuit [29, 30; 195], KaBHTauHOHHAS romore-
HH3alUMs Kak npolecc cMelnenus (3, 24—26, 28, 31, 196]

6ap6oTupoBanHe rasa B xuikoctd [2, 73, 101—105], 6ap6orax-
HOe NepeMellBaHue :

KaBHTAUHOHHBIE TEUEHHS M HX HCIOJb30BaHHe NJIs HHTEHCH(UKA-
LHH TIpoUeccoB cMelleHHs |[3, 24, 2b}, mpoueccw B cynepxkaBHTallH-
OHH]blx cMmecurensx, CKY-ycranoBkax u cupenax [3, 24—26, 28, 31,
196

tbaoraumus [2, 197, 198]

anexrpodaorauns [197, 198]

¢bunbTpOBaHUE, NpeccoBaHHE, 06e3BOXKHBAHUe M OCaXKICHHE Kak
paspenurennHble npouecce [1, 2, 4, 32, 41—62, 66—68, 192]

BUODOYIIOTHEHHe, BHOpAaUMOHHOE YlaJjeHHe ocaikos [b3]

CMELIeHHe, IpOIecCcH B CYyNepKaBHTAUHOHHBIX cMecuTensnx (CK)
[3, 24, 26, 28, 31, 196]

BOJIHOBOe pasjejieHue cycneHani [3, 25]

KaBuTalHoHHas QuOpUAJAALHs aclecra, 3bdexr aBTOKONEOAHHM
Tpex(asHofl cHCTEeMBl IpPH KaBHTALHH H €ro HCIOJb30BaHHE NpH
¢pubpunnsuuu acbecra

TenaonposoxHocTs U anbdysus [1, 2, 73, 199]

CTallMOHApHAs ¥ HeCTAalHOHaPHas TENJONPOBOAHOCTL YePe3 MHOTO-
cnofiHble CTeHKH C. KOX(DOHIMEHTOM TENJIONPOBOJHOCTH, 3aBHCANIMM
or Temmeparyps [1, 73, 200—205]

TEMJIONPOBOAHOCTE 4Y€Pe3  I[IACTHHBL ¢ HEHJEaJbHEIM TEIIOBEIM
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ke [205] 1 mpu UHKJIMYCCKHX TEIIOBBIX Harpyskax [73]

1ICCTALMOHAPHAST TEIVIONPOBOAHOCTE C BHYTPEHHHM HMCTOYHHKOM
rensa [205, 208]

OCTHIBaHHE MOJIOr0 UHJHHAPA C BHYTPEHHHM HCTOYHHKOM TeIIa
[73], Teopus mMeroja KOaKCHaJbHbIX HUHJIHHAPOB ONpeLeJeHHs Ko3(-
¢uuueHToB TemIonpoBoaHocTH [1, 73, 123, 199]

TeMIepaTypHOe MoJe MJIAacTHHH C INlepeMeHHO# TeMIepaTypol Ha
noBepxHOCTH [73]

TEMJONPOBOAHOCT ABYXCJIOHHOM CpPEIB], ONpelesieHHe TeMnepary-
pHl MEXAY CJI0sMH TemoBoro motoka [200, 201]

TeMJIONPOBOJHOCTL ABYXCJOHHONH CPEAB C HeHJeasjibHBIM KOHTAK-
tom [204, 209], Mero] pemleHHs CONPSIKEHHHIX 3aJa4 TEIJIOMacCoTe-
peroca [73, 205, 206]

TEMJIONPOBOAHOCTh ABYXCJAOHHOH cpelbl C HEHIeasJbHBIM KOHTaK-
TOM H TepeMeHHOH TeMIepaTypoll Ha noeepxHoctu [73]

TEIJIONPOBOAHOCTh Yepe3 MHOTOCJOHHYIO IIOCKYIO CTeHKY C HeH-
LeanbHBIMH TEIJIOBBIMH KOHTaKraMu [208]

TeMIepaTypHOE MoJe B IBHKYINEMCS cjoe NnpH oborpese HHOpa-
KpacHpiM H3JayueHuem [210]

HarpeBaHHe HEOrpaHWYEHHON IJIACTHHB NpPH H3MEHSIONIeMCs BO
BpeMeHH Ko3(h(HUIHeHTe BHEIHEro Tennoo6mena [75, 205]

HeJIMHeliHAs HecTallMOHapHas TEIJONPOBOAHOCTb NPH KOIPPuIlHEH-
Te TEIIONPOBOAHOCTH, 3aBHCSIEM OT TeMmuepatypel |73, 205], u we-
pes NMJIHHADHYECKHE MHOrocjoiHbe crenkn [204, 207

cTalMOHADHAs HeJHHeHas TelJIONPOBOJAHOCTh 4Y€PE3 MHOTOCJIOH-
HYI0 CTEHKY IIpH HEeHJeaJbHOM TeIVIOBOM KOHTaKTe MEXJAY CIOAMH
[200, 202, 208] .

HeJIHHeilHAsd HeCTAllHOHADPHAs TEIJONPOBOJHOCTh yepe3 IBYXCJOH-
HYI0 CTEHKY C HEH[ealbHBHIM TE[IOBHIM KOHTakToM [73, 204, 209]

TEIJIONPOBOAHOCT C IJIABJEHHEM M 3aTBepieBaHueM (3amada Cre-
dauna) [1, 56, 62], nmpu TemmepaTypHHX KoJeGamuax [1, 24, 73, 123,
199]

TenyoBas ob6paborka KosnbGacHBIX H3AEAUH, 3aTBepJeBaHHE KHDa,
TepMooGpaboTka GeroHa B 3aMKHyToM npoctpascrse [1, 211]

auddysHs B NOTOKe ¢ XHMHUYCCKHMH peakuusmu [199] mpum mo-
CTOSHHOH CKODOCTH TEUEHHSA ,

a1 ysuss B MOTOKE KHUAKOCTH IIpH IIEPEMEHHOH CKOPOCTH TEUEHHS
[212]

muddysHa B KaHajJax C XHMHMUECKMMHM peaKUMsMH M IpeBpariie-
nusamu [1, 199, 212]

aubQysHs B UMIMHAPHUECKHX peakTopax (medax) C HCTOUHHKA-
mu (hypmamu) [24], nose KOHUeHTpaluii rasa B KPYrJIOH HHIHHAPH-
yeckoll Tpy6e OT TOYEYHOro HCTOUHHMKA [24], moJje KOHUeHTpauui B
KpyrJ0fi TpyGe Tpu BBOAe rasa uepes meputbepuiinpie dypmut [24],
noJe KOHIEHTpaluil rasa B NPsIMOYTOJBHOH TpyOe OT TOYEYHOro HC-
TouHHKa [24]

nudys3ua mpH SJEKTPOJHTHYECKOM DPacTBOPEHHH MeTajjaa ¢ Io-
BEPXHOCTH IIJIOCKOTO 3JeKTpofa [213]
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AuQOysHs ¢ peakuned n-ro mopsigka [1, 199, 214].

AUDQYSHI B Tenax BpallleHHs, ONpefeNeHHe OIS KOHIIEHTp alH it
1199

ABYMEpHAsT MOJIEKYMsIPHAST M KOHBEKTHBHASN aupdysuss B moro-
ke [1, 2, 199]

ABYMEDHAs KOHBEKTHBHAS H MOJEKYJAspHAas AuGPY3HS B IOTOKe
HKHIKOCTH C XHMHYECKOH peakuuedi [1, 2, 1

aHaJIorH3anMsl NpoueccoB AUGOYSHH H TENJIONPOBOLHOCTH ¢ npo-
UecCaMu (QHIbTPOBAHHSA, HCNAPeHHs, TEepeHoca KOJHUeCTBA JBHIKE"
HUf, NICPEHOCA BELIECTBA B 3JEKTPHYECKOM M MATHHTHOM IIOJSIX H

p.
IIEPEHOC TEMNa M MacCH B IOTOKE NpH FHIDABAHYECKHX IIyJbCa-
uuax [2, 6, 47, 48, 52, 71—74, 77—100, 175, 179, 190, 215—226]
TENJIONPOBOJHOCTD C YUCTOM CXKATHA
TEMIEpATypHble TOJS B (YTEPOBKAX UEMEHTHBIX H OGXKHIOBBIX
neyeii,

KoHBekTHBHBII Tenn0o6men

KOHBEKTHBHBIA TENJIOOGMEH INPH BAYBAHHH ras3a B IOTOK JKHIKOC-
™ [2, 6, 71, 72, 190, 227—246]

TENJI000MEH B TOHKHX JXHMAKOCTHBIX IJIEHKAX, TCHEPHPYEMBIX pas-
JHYHBIMA cnocobamu [2, 71, 72 190—194, 227, 247—265)

KOHBEKTHBHHIA Tem006MeH npu YAapHO-CTPYHHOM OPOILEHHH TO-
BepxHOCTH Harpesa [2, 71, 72, 190—194]

TENI0OTAAYAa TpPH NYJhCHPYIOUEM TEUYEHHH KHAKOCTH B Tpy6ax
[2, 71, 72, 74, 78—100, 225], npu cosmectHOM NeHCTBHH CBOGOMHON
H BBIHYXIEHHOH KOHBEKIMM B JIaMHHApHOH 06JacTH [2, 71, 72, 266—
269]

TCII0OTAaYa TIPH CBOGOAHOH M BBIHYKAEHHOH KOHBEKLHH C Teye-
HHEM KHUIKOCTH B TYpGyJeHTHOH 06/1aCTH B LIEPOXOBATHIX Tpybax
[2, 71, 72, 266—269]

TEN006MEH NPH BbIHYXKIEHHON KOHBEKUHH H BO3LEHCTBHU 3BYKO-
BOTO NOJIS M1 BHOpALHH CTEHKH KaHasia [2]

TEIIOOOMEH INpH  JaMHHADHOM TEYeHHH 3JIEKTPO3a PSIKEHHOH
KHIKOCTH B NJOCKOM KaHa/le M BO3JEHCTBHM 3JEKTPHUECKOTO MOJIs
2
[ ]TeHJIOO6MeH B YCJIOBHAX CONDSXKEHHS HA CTEHKe HJIH MOBEPXHOCTH
METOL DELICHHsT CONPsIXEHHBIX 3ajay Temnoobmena [73, 205, 206]

OXJaXJeHHEe HHTH TOJHMEDHOTO MaTepHasna COOCHON MOMYTHORH
BO3AYWIHOH CTpyeil B NpONECCe HANBLICHHS, OXJaMKIeHHE KepaM3HTa-

TENJI00OMEH Ha 3KOHOMAaH3epPHOM Y4aCTKE B KHTATHIbHbIX Tpybax.

aKYCTHUCCKHH TEMJIONEpEeHOC

Tennoo6men ¢ azoBbim npespalneHueM

Inpoiuecc HYSprbKOBOI‘O KHIICHHS, POCT H OTpPEIB IIapoOBhBIX Hy3preI';I"
3BYKOBbIe H SJIeKTpI/I‘IeCKHe SABJICHUSA Ipu KI/IHEHHI/I, KaBHTaUuH H
GapGoraxe [102—105, 227, 270—285]
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227, 272, 276, 284]

npouecc BHNAPHBAHHA H €ro MOAeaupomaHue [1, 6, 72, 123, 179,
183, 192—194, 220, 223—225, 227, 286—289, 291—300]

TENN000MeH B BLIMAPHBIX aNlapaTax ¢ eCTeCTBEHHOH LHPKYJSIH-
et [1, 6, 72, 123, 155—180, 182—188, 191, 192, 220—223, 272, 276,
286, 289, 301—314]

TenJoo6MeH B anmaparax ¢ obpallleHHOH HupKy.asuueir [6, 307],
¢ ofOpameHHOl HHpKyJasinue#l u Imyascatopom [73, 91, 225], myus-
canuu B Hcnmapureasx [72, 179, 180, 186, 222—224, 288, 292, 296]

TEMNOOOMEH B IIEHOUHHIX BBIAPHEIX anmapartax [227, 247—
265], B yrapHo-cTpyHHBIX anpapaTax [2, 191—194].

Apouecc CylnepKaBHTAIHOHHOIO HCHApEHHMS, TemIolepeHoc B Ka-
BepHy, JHHAMHKa IapoBoii nmosnoctu [27, 315, 316]

BapKa BapeHbs H KOHLCHTPHpOBAaHHBIX Macc [286, 298, 305, 312—
314

1en.noo61v1eH IpH KOHJEHcauuu BoAsHoro napa [317, 318] u Bay-
Tpu Tpy6 [317], npu KoHAeHcauun GUHAPHBIX cMeceH

npouecc pekTH(HKAUKH, aKyCTHYeCKHe Bo3jeicreus [2, 104, 105]

BaKyyMHas NeperoHKa

CoBMeECTHBIH TenJaoMacconepeHoc

TEIIOMACCONEPEHOC MpPH THAPABJIHYECKHX Nyabcanusix [2]

aKyCTHUECKH} Tenjiomacconepenoc [2, 104, 105]

B3aMMOCBSI3aHHBIl TemJoMaccollepeHoc, MHrpalHdsa BJarn B I0O-
puctbix Tejax (3amaua Credana) [2, 319]

TENJIOMAaCCONepeHOC NpH 3aTBepieBaHun GeToHa [2]

KOHTAKTHAS CylIKa acGOLEeMCHTHHIX TpyD, CyIIKa rpaHyJ

MpoLece KapKH INHIIEBBIX IIPOAYKTOB B cJjoe, obpasoBaHpe Tep-
MHYECKHX KOPOK

npouecc ropenus, auddysuonnoe n BuGpaunnonnoe ropenue [320]

pa6oure npoleccH NpH OOKHre H3BECTH H KJMHKepa [2, 320—
326}

MexaHoTen,jioBble M TEMJIOMEXaHHUYECKHE NPOLECCh] -

SKCTPYy3Hst, pabouull mpounecc B 3KCTPYAEPE

BYJIKAHH3allHsl PE3HHBI

«XOJIOLHOE» JIUThe, 3aTBepaeBanue H (GopmMooOpa3oBaHHE IPH IIO-
JHMEpPH3AIHHE CMEILIHBaeMBIX KHAKHX HOJHMEpOB

tdbopMoBaHNe NOJHMEPOB JaBJCHAEM

KaJlaHJpOBaHue

IPOLECCH H3rOTOBJIEHHsI BHTHIX JDEHAXKHBIX TPYO, SKCTPY3Hs IO-
JIOCH], OXJaKAeHHe, HaBHBKa

TepMuueckoe $opMoobpasoBanue

TepMHYeCcKasi PONHUTKA BOJOKHHCTHX MaTepHaJ/oOB

TEMIOMEeXaHUYeCKue [pOLecCH B IPOM3BOJACTBC KOMIO3HIUOHHBIX
MaTepHaJoB
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9KCTPAarHpoBaHHe B CHCTEME «TBEPHOE TEJO -— KHIKOCTb», KpH-
CTa/VIOTHAPATHOE 3SKCTPATHPOBAaHHE, 3JIEKTPOIKCTPATHPOBAHHE, 3KCT-
parupoBaHue Kak OGIHOCTb NIPOUECCOB (DHIBTPOBAHHS MOJIEKYAsPHOI
H KOHBEKTHBHOH Au(Y3HH, MaccomepeHoca M NepeHoca uyepes Moy-
NpoHHLlaeMBble KjerouHble MeMOpannl [2—5, 32, 199, 327]

NyNbCAllHOHHOE 3KCTPAarupoBanue [2]

aKTHBalMsA XUAKHX cpen [3, 25, 328]

Maccoo6MeHHEBIE TIPOLeCCH «XOJIOMHBIX» TEXHOJOIHH: cynepKaBHTA-
LHOHHOH, 3/JIEKTPOXHMHUYECKOH, KPHCTAJJIOrHAPATHON, paaHalNHOHHO-
HOHHOM, aJeKTpodusuyeckolt, meMbpannoii‘'u ap. [2, 3, 5, 26, 28, 31,
33—36, 196—198, 213, 315, 316, 328—332].

apcopbuus [2, 39, 73, 107, 108, 214, 333, 353]

MaccoOOMeHHBIE NPOLECCHl XJaJOHOBOH KPHCTaJJIOTHAPATHON Tex-
HosoTHH [4, 5, 327, 329]

aacopbuus, MpouUecChl B PaCNBIIHTENbHBEIX, KHAKOCTPYHHBIX H
OapOoTaxHbix anmaparax, MacconepeHoc B crpye [2, 39, 107, 108,
214, 333—354]

NPOLECCH  3JEKTPOXHMHYECKOH TEXHOJOTHH, 3JIEKTPOXHMHYECKas
OQUHUCTKA COKOB B CBEKJOCAXapHOM H IJIONOKOHCEPBHOM NPOH3BOICTBE
[2, 4, 213, 328, 330}

M3BJI€YEHHE caxapa M3 KOPMOBOIl TIaTokH [2, 4]

3JIEKTPOXHMHYeCKasl MOArOTOBKA 3aTBOPDHOH BOJbI, MarHuTHast 00-
paGoTka Boant [2, 3, 33, 34, 39, 213, 328, 355]

KpHCTa/Iu3amus u3 pactsopoB [2, 3, 2156—219, 356—377], B
3JeKTpHYecKoM Ttose [4, 378—380]

KPHCTaJJIOTHApPATHAs <«XOJOJHAS» KpHcraaausauus [2, 4, 5]

KPHCTAJMIH3aUHsl OXJAXKAEHHEM, BHOPOOX/IAIUTENbHAST KPHCTAJJIH-
3anusd

3KCTPY3HOHHO-CTPYliHasA, 6apboTa’kHass H cylepKaBHTallHOHHAsI
KpHCTaJIu3anus

peKTHhHUKaLHs

pacTBOpeHue Kak mnpoilecc oOpaTHON KpHCTadi¥3an¥u, KasHTa-
LIHOHHOE W BUODALHOHHO® PAaCTBOPEHHE

CyWIKa JIHCOEPCHBIX MAaTEpHAaJIOB, NPOLECC pPAacCiBbLIHTENbHONH Cyll-
KY, CYUIKa rpaHyJ, 3epHa, HMIyJbCHAs ¥ OCHHJJHDYIOLAS CYLIKa

peKpHCTAMAN3alNS, NONUKOHACHCALUA

IlpuBeneHHBIl NepeyeHb NPOUECCOB He NPETEHAYET Ha HCYEpIbIBa
IOUYI0 TOJHOTY. DTOT CIIHCOK MOXHO OBIJIO 6B CYILECTBEHHO MOMNOJ-
HHTh. B Hero BHECEHHI NPEHMYLIECTBEHHO T€ INIPOLLECCHl, KOTOPBIMHU 3a-
HUMaJCA aBTOP.

OcofeHHo pa3HOOGpa3HbBl B XMMHYECKOH TEXHOJONHH MaccoobMeH-
HBle mpomecchl. Cpeln HHX HaMH He YIOMHHAJHCh HPOLECCH CyO6Ju-
MallMH, KPEKHHIa, BO3TOHKH, KOMNAayHIMpPOBaHHsS, abiasnuu, cyl/anma-
TMHOHHOM CYIIKH, TaMNOHAXKHLie Tipoieccs u np. B cucreme «ras
(map) — XHMAKOCTb» BEAYTCsS pasjHuyHBle NPOHECCH  AHCTHISLHH,
pexkTH®HKauun, abcopOunH, necopbUHH, NEHHOTO (PaKIHOHHPOBAHHSH,
oforauieHnst yBaaxkHeHHs, IIpn 3ToM naHHBle NPOLECCH, YaCTHYHO




[image: image16.png]YUOMHHABIIAECH DaHee, MOIY1 BCCTHCD 1B PA3IHYHBIX YCJAOBHUAX, NpPH
Pa3NHYHBIX (PUBHUGCKHX BOIACHCTBHSX H OCOOECHHOCTSX, KOTOpble HX
BBIZEJSIIOT B CaMOCTOATENblble Npouecchl. Tak, peKTHOHKAUHUS MOMKET
ObiTb 3KCTPAKTHBHOH, a3€OTPOMHOH, COJEBOH, BAKYYMHOH, IHCTHJI-
JSAUHA — MOJIEKYJASIDHOH H T. .

B cucreme <«KHAKOCTH — KHAKOCTH» OCYILECTBJSIETCS nporecc
HUIKOCTHOH 3KCTPAKUHHU, B CHCTEME <«TBEpPAOE TejO — ras — CyIIKa»
MPOHCXOAAT afcopbuusi, necopbuus, cyGARMAnus, ra3zoBas XpoMaTo-
rpadusa u ap. CucreMa «TBepAOE TENO — KHIKOCTb» HdeT BO3MOK-
HOCTb TIPOBOAHTH MPONECCH HOHHOTO OOMEHa, COpPOUHH, KPHCTAJJIH-
3alUH U3 PACTBOPOB ¥ PAaCIIaBOB, PACTBOPEHHsi, IKCTParupOBaHHS,
BEILENIAYHBAHHS, OCYLIECTBISITh KPHCTAJJIH3aLHOHHbIE METOAB pas-
JeJieHHs] cMmecedl, xpomarorpaduio H3 pacTBopoB. K MaccooGMeHHbIM
nponeccaM OTHOCHT MeMOpaHHBIe METOAB Pa3jielieHns cMecel, TepMo-
nudpdysuio, 6aporuddysuio u np.

[Tpomblms€HHEle IPOM3BOACTBA XMMHUECKOH TEXHOJOTHH HEMBIC/H-
MBI 6€3 TENJIOBLIX, THAPOJAHHAMHYECKHX W XHMHYECKHX IIPOILECCOB.

TensioBEIe MpouecCH HArpeBaHus, OXJAXKACHHS, KUNIEHHs, Hchape-
HHf, 3aMOpa)KHBAHHs, KOHJEHCALHH, BHIIAPHBAHHUA OCYILIECTBJSIOT-
€ € NMOMOIIBI0 Mepefayu Temsa H3 OJHOH cpeasl B Apyrymwo. Cymiect-
BYIOT Da3/iuuHbl€ BHIB TENJONepesaux (TemIoNpOBOLHOCTb, KOHBEK-
UHS, JY4EHCIYCKaHHE), KOTOPHe OOBIYHO HAXOAAT [NPAKTHUECKOE
NpHMEHEeHHe B Pa3JHYHBIX COYETaHHNAX, OGYCNOBJIHBAIOIULHX CJOKHEIE
BHIbI Te€IJI000MeHa, HalpuMep, KOHTAKT (a3, ‘

K rugpopumamugeckuM mpoueccaM  OTHOCSTCS TepeMEIIHBAHHE,
OcaxKieHHe, (UIbTPOBAaHHE, LEHTPHPYrHpoBaHUE, cenapalHs, ICEeBO-
OXHIKEHHE, NHEBMOTpaHCIopT, 6apborak, FHAPOKJIACCHOHKAUHS H
T. I :

Ha wmHOTHX TpOM3BOJCTBAX ,CYUIECTBEHHB M MEXaHHUECKHE MpO-
Ieccel: ApoGJeHne, u3MesNbYeHHe, KJIacCH(HKAIUs, TPaHyJIsALHS, pas3-
MOJ, IPECCOBaHHE H IIp.

Kpome ¢asopuix npeBpamieniii, W3MEHEHHS AarperaTHOTO COCTOSI-
HHsl, CylIeCTBEHHOE 3HaYeHHe B XHMHYECKOH TEeXHOJIOTHH IIPH HPOH3-
BOJCTBE HOBBEIX BELIECTB HMEIOT NMPOUECCHI XUMHYECKOro MpeBpalieHHus,
KaTanu3a, CHHTe3a, pacmaja, o0ycJjOBJHBAeMble XHMHYECKHM Cpei-
CTBOM BemlecTB. B cBOO ouepenn, 5TH IPOLECCH MOIYT NMPOUCXOAHTH
NOJ BO3JHCTBHEM KaTaJH3aTOPOB, MHUKPOGHOJIOTHH CPEIB, HITAMMOB,
BeIleCTBA B IJIA3MEHHOM COCTOSIHHH, 3JIeKTPHYECKHX M MATHHTHBIX IIO-
Je# U T. I.

B sapyGexxHoll JiHTEepaType I'MAPOMEXaHHYECKHE H TEIIOMaccoo6-
MEHHBIE IPOLECCH (GHTYPHPYIOT KaK IPOLECCH NEPEHOCa HMIyJbCa,
Tenaa ¥ Macest. Mx Teopua crpomtest Ha o6muMx NOAXOMAX ¢ MpHMe-
HeHHeM OOIHX MaTeMaTHYecKHX MeToqoB, C TOUKH 3PEHHS HCIOJb-
30BaHHs MaTeMaTHYeCKOro anmapara IIpOLECCH MOXHO pasieJuTh
Ha [HeTEPMUHHUPOBAHHLIC H CTOXaCTHYECKH BEPOATHOCTHHIE.

ITo cnoco6y ocyiiecTBaeHus Pa3NHYAOT HENpEepPHBHEE ¥ NEPHOLU-
YECKHE Ipouecchl. [IpakTHUECKH BCe NEpeYHCJAEHHBIE NPOLECCH MOTYT
NPOBOJHUTHCS B HENPEPHIBHOM H IePHOAUYECKOM PeXHMax.
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Hosbie (usnuecKue sIBJeHHS H 3Q(eKTh B pyKax ONBITHBIX paspa-
6oTYHKOB MOLYT OBITH HEHCUepHaeMblM MCTOYHHKOM HOBBIX TEXHH-
NCCKWX HMIefl M pelIeHHH BOo Bcex o6uacrsix rexuuku. [locrosiHHO pac-
mupsiomasicss 061aCTh 3HAHHH IIAr 3a LIarOM OTBOEBBIBAET y NPHUPO-
J\bl TAHHBI H CO34a€T KJIOUH K K/IaAOBBIM TEXHHUYECKHX HJEH.

Cienyer NoAvepKHYTh, YTO TOJbKO (pyHAaMeHTa/bHBE HCCIEROBA-
M5, 3aKaHUMBAIOLIMECS YCTAHOBJIEHHEM HEH3BECTHHIX paHee OOGBEK-
THBHO CYIIECTBYIOUIHX 3aKOHOMEPHOCTeH, . CBOACTB M SIBJIEHHH Mare-
pHaJBHOTO MHpPA, T. €. OTKPHITHAMH, AAIOT HOBBIH TONYOK JJIsi Ka-
YeCTBEHHOTO DPa3BHTHUS HOBEIX TEXHHYECKHX 00DbekToB. BhisBJeHHE HO-
BHIX siBJIEHH{ H 5QdeKkToB — BaxkHas obnactp 3Hanui. Ilenecoobpas-
HO COGHpATH U PETHCTPHPOBATh HOBHE (usuueckue 5PGHeKTH, HOBHIE
MaTepHalibl M HJEeH TeXHHYECKHX pELIEHHH, BeCTH KapTOTeKy TakK
11a3BIBA€MHBIX T€XHHUECKHX «IIOJCKAa30K».

PaccMOTpUM HEKOTOpHIE H3BeCTHhle 3)(HEeKThl H HX NPHMEHEHHe B
TEXHHUKE.

MexaHH4ecKkHe SIBJEeHUS

Bubpayus (subpayuonnoeul sppexr). Tlon peficteuem mexaHuuyec-
KHX KoJebaHHH, NPOHCXOASUIHX C BHICOKOH wacrorofi (o6mi4Ho Go-
aee 1 Tm) u HeBOJBIIOH aMIVIHTYAOH, HAapyWIAIOTCS HJH OCIa0Js0T-
C5l CBSA3H HJH CIEIVIEHHS MeXAY OTACJbHHIMH HYacTHHAMH CHIYYHX
MaTepHAJIOB, a TaKXKe CUeIJIeHHe MeXAy TPYUIMMHCS IOBEPXHOCTMH
pasJHYHBIX MaTepHaJoB M neTajedl. BuOpaunoHHbiii 3¢(eKT LHPOKO
HCIOJb3yeTCs B TEXHOJOTMYECKHX TIpolleccax (TOHKOE H3MelbyeHHe,
nepeMelIHBaHUe, YIJIOTHEHHE U T. [.), B CTPOHTEJbHOM INPOH3BOACTBE
aJst TMoBblliedus 3(P(HEKTHBHOCTH 3aTPAayHBAEMOH BHeLIHEH pPalboTHl
(morpyxenue u 3abuBKa CBal, BHODOTPAHCHOOPT CHIYYHX MaTepHa-
A0B), AJs MHTEHCH(UKAUMH NPOLEcCOB (BHOPALMOHHBIA Harpes Bs3-
KHX IPOIAYKTOB, BHODAllHOHHOE pa3pesaHHe MAaTepuajioB) M Ip.

Sppexr 6esviznocrocru. Tlpu TpeHHH AeTanell U3 MeJHHIX CHJa-
BOB €O CTAJbHBIMH JA€TaNsSIMH B YCJOBHSIX CMa3KH, HCK/IOYaiomnieh
OKHCJEHHE MEIH, NPOHCXOJHT sBJEHHe HU30HPAaTeJbHOrO IepeHoca
MeIH M3 TBEpIOT0 pacTBOpa MEIHOro CIIaBa Ha CTajdp H 06paTHOro
ee mepeHoca CH CTaJ¥ Ha MeAHH Cnjas, B mpoiecce Takoro mepe-
HOCA 3HAYUTENbHO YMeHbllaeTcss KOod(QQPHUHEHT TPEHHS H CHHXKaeTcst
H3HOC TPYLIMXCS TOBEPXHOCTEH AeraJeil.

Asaerue AHOMAABHO HUBK020 Tpenus 8 éaxyyme. IDKCIECPHMEH-
TaJbHO YCTAHOBJACHO $BJIEHHe OOPATHMOrO CHHXKEHHA Ha HECKOALKO
NOpPSAKOB KOo3(QHUUHEHTAa TpPeHHS CKOJbKEHHA B BaKyyMe B Ilapax
TPEHHS] «METAJJI—PsJ OPraHHYECKHX H HEOPraHMYECKHX MaTepHasoB»,
Hab/10aeMoe TpU ONpPeAeNeHHOM OONyYeHHM 3THX MATEPHaJOB ¥ Ol-
HOBPEMEHHOM HX KOHTAKTHOM B3aHMOJEHCTBHH C MeTaJioM B Ipo-
Hecce CKOJIbKEHHS.




[image: image18.png]Ipgexr Arexcandposa. Koapduunent nepenadn sHepruyu or yia-
psowmerocss Teaa K yaapsAeMOMY 3aBHCHT OT OTHOILUGHMS HX Macc.
YCTaHOBNEHO, YTO NPH YNPYroM YAape ¢ POCTOM OTHOLIEHHS Mace
KO3()UUHEHT Tiepelaud pacTeT JHIb A0 ONpPEAeJeHHOro KPHTHYEC-
KOTO 3HayeHHsl, OTpPEeNeJsieMOro cBOHCTBAaMH U KOHQHUTypauuei coyna-
pAOUIUXCS TeJ.

I'nppomexaHuyeckune acddeKkrs

A¢pexr Tomcona. TIpn no6aBieHHH NOJUMEPHON TPHCAAKH yMeHb-
1aeTcst TPeHHEe MEeKAY TypOYJEHTHBIM HOTOKOM M TPY6OUPOBOAOM.
Ha npaxtuke cMa3aHHBlE Da3/IHYHBLIMH HOJHMEPHBIMH TPHCAAKAMH
MODCKHE H peuHble Cy[a, HaHOPHble KOJOHKH I'MIYGOKHX CKBaXKHH Tpe-
6YIOT MEHBIIEro pacxoAa SHEPTHH NMpPH KCIJIYATALHH.

IlosepxnocTHoe HaTaMmenue HUOKOCTU U ABAEHUE KANUALAPHOCTU.
B pesyabraTte HEHCTBHSI MEXMOJIEKYJISPHBIX CHJA B [OBEPXHOCTHOM
CJI0€ XKUAKOCTH BO3HHKAeT MOBEPXHOCTHOE HaTsikenue. IToTeHIManb-
Has 2HEPrUst HaTSIXKEHHS 3aBHCHT OT CBONCTB JKHAKOCTH H IJIOLLA[H
nosepxnoctd. CJeICTBHEM 3TOTO fABJATCS KalHWJIASAPHOCTh — IOLb-
€M KHAKOCTH IpH CMauHBaIOLUEHcs CTeHKe KaMHJAsipa HJIH ONycKa-
HHe KMIKOCTH [pH HecMayHBawollefici CcreHke kamuajisipa. Ka-
DHJANAPHOE BCAChiBaHME XXHAKOCTH HaGMI0OAAeTCs B NPHPOJE M LIHPO-
KO HCIOJB3YeTCH B TEXHHKe, IJIaBHBIM 006pasoM [JIsI 0TCOCAa KHIAKO-
CTH ¥ NJAaBHO# ee nopaud. MHTEHCHBHOCTL JABHKEHHS XKMIKOCTH B
Kanuaspax MOXKHO pEryJHpPOBAaTb  YJAbTPA3BYKOM, 3JEKTPHUECKHM
nojeM Hau GaKTOpaMH, BJAHSIOMUMH Ha BEJHUHHY MOBEPXHOCTHOTO
HATSKCHHUS. '

Yavrpassyrosoii xanusrapueui s¢dexr. Tlox mefcTBHEM YyabTpa-
3BYKa yBelnuuBawTcd (B AeCHTKH pa3!) CKOPOCTh ABHXKEHHS U BEICO-
‘7a TNOAbEeMa XKHMAKOCTH B Kanuaaspax. Dddekt BozpacTaer NHpH Io-
BEILUIEHHH TEMIEPaTYPHI.

TemneparypHble U TenjaoBbie 3¢ deKTbl

Tennosoe pacwupenue. C pocToM TeMNEpaTypsl IPH IMOCTOSHHOM
JaBJIeHHH rasa OOJBLIMHCTBO XKHAKOCTEH W TBeplble Tela paclIHps-
torcsi. BeqnunHa 3TOro paciiHpeHusi 3aBHCHT OT CBOHACTB H CTPYKTY-
pH pacwHpsoomuxcs Tea, CTPYKTYPH C IIOTHOM YNMaKOBKOH (anmas,
BOJIb(dpaM) MaJIOUYBCTBHTENBHB K HarpeBy, a MaTepHasbl C PHIXJIOH
CTPYKTYpOH (a/JIOMHHHH, JaTyHb) 3HAYHTEJbHO DAaCLIHPSAIOTCS TIPH
Harpese,

Ilpu TeMImepaTypHOM paclIHPEHHU HMJIH CXKATHH TBEPIABIX H XKHJIKHX
TeJ BO3HHKAIOT OIPOMHBIE CHJIbI, KOTOpHE MOXKHO HCHNOJb30BATh AJIsI
pellleHHsl pas3/JUYHBIX TeXHHYeCKHMX 3ajad.

Ipgexr Hucoyas—Tomcona. Tlpu nepexole rasa yepes NOPHUCTYIO
NEePEeropoAKy HJH CYKEHHOe OTBepcTHe (BeHTHJb) NHPH Maloil pas-
HOCTH JaBJjleHHss HMEeT MecT0 ajnabaTHueCKoe IOHHXKCHHC [aBJe-
Hus (ApocceanpoBaHHe) 0e3 H3MeHEHHs] BHellHeli paGorn, Peasb-
Hble Ta3bl IPH IPOCCENHPOBAHHH MOTYT H3MEHSATb CBOIO TEMIEPATypy




[image: image19.png](tonoxuTenpHbll H oTpHLAaTeNbHBIH 3ddext  Ixoyns—Tomcona).
Ipu nonoxurensHoM s¢deKTe ras oxaaxkjaercsi, NPH OTPUIATE/]b-
oM — Harpesaercs. Jisi O0/bLIHHCTBA Ta30B NPH KOMHATHOH TeM-
tiepatype 310t 3G eKT NOJOXKUTENbHBIH B LIHPOKOM HHTEpBaje NaB-
JICHMH H HCHOJb3YeTCs] B TEXHHKe IJIsl OXJIaXKJCHHs ra3os.

Ippexr Jrwdsuea—Cope. B pactBope, HMeEWLIEM B pPasHBIX yac-
51X PasHyK TEeMIIEpaTypy, PacTBOpPEHHOE BEIUeCTBO paclpelelisercs
liepaBHOMepHO: B 0oJjiee XOJIOAHBIX YaCTAX PacTBOpa KOHLEHTpAIHS
¢ro BBIUIE, yeM KOHLEHTpaund tena. 1ot 3Qdekr oObscHAeTCs pas-
1HOCTBIO OCMOTHUYECKHX JapjeHufi. Bemectso u3 rtenyoil wactH pacr-
Bopa Kk 6oJee xoaoaHo# GyneT MEepexoiUTh A0 TeX IOp, MOKa He TIPo-
H30#AeT BLIpaBHHBAaHHME OCMOTHYeCKHX paBJjenuil. KoHueHTpamus Be-
lIleCTBA B paBHHIX 4acTAX pactsopa Oymer o6paTtHo NPONOPUHHOHANDL-
na a6cosoTHbiM TemmepartypaM. D¢ dexr Jlwogsura—Cope obHapy-
WCH TAKXKE U B KUJAKAX METAJTUIECKUX pacijaBax.

ekt Ieavrve. [Ipu MPONYCKaHHH TOKA yepe3 3aMKHYTYIO Lellb
113 pa3MYHBIX MaTepUasNoB (MeTaJJoB MM NMOJYHPOBOAHHMKOB) B OI-
1I0M KOHTaKTe Temjlo OYyIeT BBIAEJATHCSA, a B APYFOM — IOIVIOILATh-
csi. dddext mponopuHoHaseH cujae Toka. Ilpouecc BBIeNEHHs H IIO-
IMIOULEHHs] Tela B JABYX CIAasfX 3aBHCHT OT HampasjeHus Ttoka. Mc-
HOJIB3YETCA B XOJOAHJIBHHKAX, KOHIHIHOHEPAX H T. [.

Ipgpexr 3eebexa. B MecTe KOHTaKTa ABYX PA3JHUYHBIX TPOBOJHH-
KOB BO3HHKAaeT KOHTaKTHAas PasHOCTb NOTEHUHasoB. Ecam temmepary-
pa BCeX KOHTAKTOB OJMHAKOBA B 3aMKHYTOA HENH, CyMMa KOHTaKT-
IIbIX pasHOCTed NOTeHUWAaJJ 0B paBHa Hy/m0. Ecim mapnl KOHTaKTOB
HaxoAATCA TIPH PAa3HBIX TEMIEpaTypax, BOSHHKaeT TepMmoaic. Ddpdexr
HCMOJb3yeTCs B JATYHKAX TEMIEparypbl  (TepMoNlaphi), B TepMO-
3/MEeKTporeHeparopax H Ap.

Heaenue Tomcona. Eciu Ha yuyacTKe MPOBOJHHKAE, IO KOTOPOMY
IPOTEKAeT 3JIEKTPUYECKHI TOK, CYLIeCTBYET nepemax TeMmepartyp,
TO Ha 3TOM Yy4acTKe KPOME TeIJIOTH, BBLAeJsIolelica cOrylacHo 3a-
kory Ilxoyns—JleHua, BbIOENsSeTCST HJH IOMVIOUIAeTCs (B 3aBUCHMO-
CTH OT HallpaBJeHHs TOKa) HEKOTOPOEe KOJHYECTBO Temja. JTo TerJo
IIPOTIOPUMOHAIBHO CHJIE TOKA, BpeMeHH, PasHOCTH TEMICPaTyphl M
ko3 buuHerTa, 3aBHCHIIEr0 OT NPHPOJLL MaTepHaJa.

Sppexr Hepncera—3ITunecxayszena. B NOJYNpPOBOJHUKE HIAH Me-
Tajse, MOMEIIEHHOM B MAarHHTHOe ToJjie, NPH HaJH4YHH TeMIlepaTyphl
BO3HHKAeT 3JEKTPHUecKoe moJjie, Bennunna nNoAs IPONOPIHOHANBHA
IlpOH3BEAEHHI0 TPAJHEHTA TEMIepaTypbl U NMEPHeHJHKYJIAPHOH K HEMY
cocTaBasAwlell MaTHUTHOTO mods, Hanpas/ieHue OTKIOHEHHS 3JCKTPU-
UCCKHX 3apsiIoB MEpPHeHJHKYJ/IAPHO IpaJHEHTy TeMIEPaTyphl H BEKTO-
Py MATHUTHOH HMHIYKIHH.

Touxa Kropu. Ilpn HarpesanHH  (eppOMAarHHTHBIX MaTepHasioB
Bbilile ompeleneHHON TeMmepartypel (Touka Kriopu) TemnoBoe ABUXKE-
Ilie HapyumaeT YINOPSAOYEHHYIO CTPYKTYpPY HOMEHOB, (eppoMarHeTHK
TcpsieT CBOM MATHHTHBIE CBOHWCTBA W TMepexoJuT B OGHIYHHIH mapamar-
ieruk. Touka Kropu mis xenesa cocrasasier 1043, ans ko6anpra —
1394, nasa nukens — 631 K.




[image: image20.png]A¢ppexr Tonkunconos. BOnusu temmneparypHoil Touku Kiopu Ha-
Galofaercs PeskOoe BO3pacTaHUe MAaTHHTHOR NPOHHILAeMOCTH ¢eppo-
MarHATHBEIX MatepuanoB, 3(deKT HCHoJab3yeTca AJsS yJAy4lIeHHsS Mar-
HHTHBIX XapaKTEPUCTHK (eppPOMATHHUTHBEIX CePAEYHHUKOB, HHAUKAIMH
MAaTHHTHOTO T0Js, U3MEDEHHs TeMIepaTypsl U Jp.

Hudykyuonnoui naepes. MMmyabcHoe HAH CcrauuoHapHOe nepe
MEHHO€ MarHMTHOE MO0Jie, CO3JaBaeMoe CIHMPaJbHBIM HHIYKTOPOM, IIy-
TEM TPONyCKaHUs uepes ero oOMOTKY HMNYJbCHOIO-TOKa HJH TOKa
BBICOKOH 4acCTOTBl MOXKET MHAYKTHPOBATbL B GJH3KO pAaCIOIOMKEHHBIX
METaJNIMYECKUX MM NPOBOJAAIIAX HEMETAJNJIHYeCKHX H3AEJHsIX BHXpe-
BHI€ TOKH H CO3/aBaTh IIOBEDPXHOCTHBHIH Harpes. B 3aBHCHUMOCTH OT uac-
TOTHI TOKa MOXKHO peryJHpoBaTh IMyOHHY HarpeBa.Cocol nosposaser
IIPOH3BOJUTh NMOBEPXHOCTHHE HarpeB JHCTOBLIX M TPYyGuUaTHIX MeTaJ-
JHYECKHX M3JEJWH, NIaBATb METalJbl, IIPOM3BOAUTH CYLIKY NOPHCTHIX
MaTepHaJIoB, OCYWECTBASITh UMNYJAbCHYIO NMOBEPXHOCTHYIO TepMooGpa-
GoTKy 0e3 mocjeAylomero NPHHYAHTENBHOTO OXJAaXKAEHHS MeTaslaa
HT. I .

Sppexr Benedukca. B Merannuueckoii mpoBOJIOKe, BAOJb OCH KO-
TOPOA HMeeTcs TIpajMeHT TEMIepaTyphl, HAa KOHIAX BO3HMKAET pPas-
HOCTh NIOTEHLHAJOB.

Paduomerpuueckuii spgpexr. TIpu BHECEHHH B pa3pex<eHHEIA ra3s
TOHKOH IIACTHHBI C I'DaJHEHTOM TeMHNepaTyphl II0 TOJILHHE BO3HHKA-
€T CHJia, HalpaBJieHHas1 0T 6oJiee HarpeToll CTOPOHBI K MEHee Harpe-
to#t. IlpuunHa — GoJiee MHTEHCHBHOE B3aUMOJEHCTBHE HArpeToi
CTOPOHBI IUIACTHHH C MOJIEKyJaMH rasa. [lpumensiercss adderr ang
H3MEpEeHUsT JYYHUCTOH 3HEPTHH.

A dexTsl NepeHoca BelleCTBA B XKUAKOCTAX M rasax

Asaenue ocmoca. Tlpu BO3JEHCTBUH KAaKOro-THGO BELIECTBA HA I10-
JYUPOHUIAEMYIO HEePeropoikKy NPOHCXOLUT OLHOCTOPOHHAH Auddy3us
BelecTsa yepes mneperopofky. OcHoBHOe TpefOBaHHE K IIe€peropoi-
KaM ~— HEBO3MOIKHOCTb NpotuBOAu(dY3Uun. IT10 SBJIEHUE MOKHO YCH-
JIHTb HJIH OCJHabHTbL 3JeKTpuuyeckuM mnojeMm. (OCMOTHUECKHE SBJEHH:]
UMEIOT Ba)KHOE 3HauCHHE B JKH3HENENTENLHOCTH XKHUBOTHHEIX W pacre-
Huf. Mcnonpsyercs 4715t MOJydeHHs MHATHLEBOH BOAKW H3 CHJbLHO3Arpsia-
HeHHOHA UM COJEHOH BOAB M Ap.

Iaexrpoocmoc. Tlpn TpHIOKEHHH DA3HOCTH IOTEHLHANIOB K
XKUJIKOCTH C JBYX CTOPOH Kammjispa WM ¢ ABYX CTOPOH HOPHCTOR
JAnarpaMMbl BO3HHKaeT IepeHoc KHAKkOCTH. CKOPOCTh mepeHoca Ipo-
TOpIHOHAJbHA NPHJIOXKEHHOA pPa3HOCTH NOTEHLIMAJOB W 3aBHCHT OT
npupoasl puadparMbl B XKHIAKOCTH, COCTaB pacrBopa CHJBHO BJHSIET
Ha 3JIEKTPOOCMOC, CKOPOCTb KOTOpOro HauboJpliasi B pa3OaBieHHBIX
pacrtBopax coJgefi. Ilomyunn mupoxoe npHMeHeHHe B OGHOJIOTHH H Me-
JAWIMHE, HCIOJNB3YETCH TaKXKe [J5 3JeKTPOOYHCTKH BOABI, OOGE3BOXKH-
BauHA TOp(a, IVIMHEL H AP.

Asnenue ronyenrpayuonnol ouggysuu. B XKUAKOCTIX, Ta3ax H
TBEPJIOM TeJ€ IPOHCXOLHT JBHIKEHHE MOJIEKYJ, aTOMOB, HOHOB, a Tak-
e 0ojiee KpyNHBIX YaCTHI, BEUIECTBA B HANpPaBJeHUH YOLIBAHHA HX




[image: image21.png]koHueHtpauuu. Juddysns NpUBOAHT K BHIPABHUBAHHIO KOHLEHTPAUHHU
andoynnupyoomero Bemecrsa. [IunddyHanpoBaTs MOryT Kak pacTBo-
peHHEIE B BeleCTBE HOCTOPOHHHe YACTHIE, TAK H YaCTHIE CaMOIO
pemiecrBa. [Ipu GoabuIof KOHIEHTpAIlMM rasa Ha TIpaHHIE ¢ Merad-
JOM W TIOBBIIIEHHBIX TeMIlepaTypax HpoUCcXoAuT Iudhdysns raza B
Meraan. fsnenune audysHM MHPOKO HCHONB3YETCS B TEXHHKE IIpH
YIPOUYEHHH HOBEPXHOCTHOTO CJOSI METaJJIHUECKHX H3Ieauii (a30THpo-
BaHHe, leMeHTalus, GocHOTHPOBAHUE), B BAKYYMHOH TEXHHKE AJS
VyJaBJAHBAHUS MOJIEKYJ rasa u Ip.

Tepmodupdysus, Gapodupdysus. Iaexrpodupdysus. Maenuro-
Juhpysua. flenrenue ocamOenus 4acTuy 8 cULOBOM NOJE.

DpdrexTol U ABJAEHNSA B 3NEKTPOMATHUTHOM noJje

Ipgpexr Kupauana. JKupasi TKaHb TOX BJIHSHHEM BHICOKOYaCTOT-
HOT'C 3JeKTPOMAarHHTHOTO NOJS JaeT CBOe MHAHMBHIYaJbHOE CBeUEHMe,
3aBHCsLIEe OT COCTOSIHHS OpTaHH3Ma. YMHPAIOWHA JHUCT, yCTaBLUHA
yeJOBEK H3JYYaloT He TaK, KakK KHBOH JHCT uAH BGOApHIH YesOBEK.

Ipgexr Hoconcona—Pabexa. Tlpnm mpoxoxaeHHn HeOOJbLIOTO
HOCTOSIHHOTO TOKa MEXAY XOPOWIO OTIOJNHPOBAHHBIMH NMOBEPXHOCTSMH
MOJYHNpoOBOAHUKA (arart, rHic, wudep, TPaHUT U Ap.) H Meralja BO3-
HUKAI0T GoJibliHe CHJAB NpuTAKeHHst, Dpdekt HabIIOAAETCA TIPH Ha-
npsixenusx x0 10 B # B toukax A0 107 HM H Bo3pacraer c NpHJO-
KeHueM Hanpskenus. CHAB  TPUTSKEHHS 3aBHCAT OT COCTOSIHHS
COTIPHUKACAIONINXCSA TOBEPXHOCTE, BAAXKHOCTH H APYIHX (PH3HYECKHX
¢akropoB. [IpuMeHsieTcss B FPOMKOTOBODHTENSIX, CHUTHAJbHHIX peune
U mp.

S¢pdexr Xoara. B TONYNPOBOAHHKe HWJAH MeTajJe C TOKOM, IO-
MEIlEHHOM B MaTHHTHOE [oJjie, HalpaB/JACHHOE NMEPHeHAHKYNAPHO TOKY,
BO3HHKAET 3JeKTpHueckoe noJje. Hanpassnenue sTOro nojas nepnel-
JAMKYJSIPHO BEKTOPaM ILIOTHOCTH TOKa M MarHHTHOH MHAYKUHH. Bos-
nuxkHoBeHHe DJIC obycaosieHo aeiictsueM cuiasl Jlopenuma Ha cBOGOI-
Hble 3JEKTpHUEcKHe 3apsael. Dddert Xoaaa HCIOAb3YyeTCa s TeHe-
palHH, MOAYJHDOBAHUS H JEMOAYJHDOBAHHUS 3JEKTPHUECKHX KoJjeba-
HUH, W3MEPEeHHs MArHUTHOTO IOJf, YCHUJEHHA 3JCKTPHYECKHX CHrHa-
JIOB H Ip.

Ipgexr Bapexaysena. Tlpu HaMarHHUMBaHHH (epPOMATHHTHBIX
MaTepuasoB Habaoaercs  NpephHBUCTHIN, CTyleHYaTHl XapaKTep
HaMarngunsausa. Kax el CKayoK COOTBETCTBYET HaMarHHYEHHOCTH
B OueHb MajaoM ob6beme marepuana (1076—10-° cm?).

Maenutopesucrusnoi apgexr. Tlpn BO3AeHCTBHH BHEWIHETO Ma-
THHTHOTO II0JISI HM3MEHSeTCsl 3JEeKTPHUECKOE CONPOTHBJICHHE MeETaNia
UAH TOJYNPOBONHHKA. Pasau4alor Homnepeusoe (TOK NepleHIuKysIsd-
peH MAarHHTHOMY IOJII0) H HPOAOJNBHOE MAarHHTOCONPOTHBJEHHS. ¥
HEKOTOPHX IOJYIPOBOLHHKOB OTHOCHTENbHOE H3MEHEHWE COMPOTHUBJE-
HHSI JOCTHraeT COTeH NPOHEHTOB. D(PPEKT HCNOJNb3YyeTCss NpU H3Me-
peHHy MarHUTHHX Togefi u Ap.

Ippexr Keppa. Tlpu BO3REHCTBHH JeKTPHYECKOTO IOJSI Ha H30-
TPOTHYIO Ccpejlly OHa npuofperaer aHU3OTPONHbLIE CBOHCTBA. JIyd




[image: image22.png]CCTECTBEHHOrO CBeTA, MPOXOAs Yepe3 TaKYI MKHUAKOCTb, Pa3mesercs
Ha ABa TOJIAPH3OBAHHBIX siyda. [TJ0CKOCTb moJiApH3aunn 3THX Jayyep
fiapa/ie/ibHa W NEPUEHAHKY/ISPHA 3JeKTPHYECKOMY IOJIIO. b ek
NIPUMEHACTCS [/ MOAYJIMPOBAHHS CBETOBOTO MOTOKA, B CKOPOCTHBI X
3aTBOpax H Ap.

Ippexr dapades. Tipu PacopoCTpaHEHHH B BEILECTBE JHHEHHO
TIOIIPHSOBAHHOTO CBETA BAOJNbL  CHJOBBIX Jy4efi MarHHTHOTO  [IOJiS
Hal/I0aeTCsl NOBOPOT IJIOCKOCTH NOMSAPH3ALKU. ¥TOT NOBOPOTA IJIO-
CKOCTH IOJIIPH3ALHH TIPONOPUHOHANEH HANpPSXKEHHOCTH MAarHHTHOIO
NOJIA M QJIMHE MyTH CBETA, NPOXOJSUIEr0 Yepes BeIecTBO. Hamnpasguie-
HHE BpAIUCHHs HE 3aBHCHT OT HANpPaBJEHHS CBETA4, HO 3aBHCHT OT
HallpaBJeHHs] MATHUTHOTO 1o, DPPeKT 06bACHIETCH BO3ACHCTRHEM
MarduTHONO MOJIA Ha JBHXKEHHE 5/eKTPOHOB B aToMax Beutecrsa. [lo
yIay TOBOPOTA MIOCKOCTH MOJNSAPH3AUHH MOMKHO M3MEPHTb MATHHTHOE
none. Meusiss MarHHTHOe TIOJIe, MOXHO H3MEHSTH yroJl TMoBOPOTa IIO-
CKOCTH TIOJITPH3ALHH.

Ipdexr Jinwreina—oe Taasa. DeppomMartHuTHEIA CTepKeHb NpH
HaMAaTHHYUBAHUH BJOJIb OCH TPHOGPETAET OTHOCHTENBHO 3TOH OCH
BpaaTe/pbHbiH HMIYALC, a MPH BPAIUECHHH (eppOMArHHTHOTO CTepIkK-
Hs B HEM BO3HHKAeT MarHHTHbIH MoOMeHT. Mcmosmbsyercs apdert jpasn
H3MCPEHHST THPOMArHUTHOrO OTHOIUEHHS, MHANKALHH MATHHTHOLO IIO-
Jsg H Aap.

Ippexr Budemana. ®eppomarHuTHH CTEpXKEHb, IO KOTOPOMY
TEYET MOCTOSHHBIH TOK, 3aKPYYHBAETCH NpPM HAMaTHHYHBAHUH BJAOJD
ocu. Ob6ycioBien appekr MarHUTOCTPUKUHOHHOR nepopmanuedt crep-
KH5l B MarHUTHOM IIOJI€, CKJ14aJABIBAIOLIEMCST H3 MPHJAOMKEHHOTO MOJS
M I0JA, CO3NaHHOTO NPOTEKAKIHM TokoM. Hcnombayercs mist uH-
JAHKAUHMH MarHMTHBIX TOJIEH H Ap.

Spgexr Jeavra. Tlpu HaMarHHuMBaHHH (eppOMarHUTHBIX MaTe-
pHajoB B pE3ysnbTaTe M3MEHEHHMsl BHYTPEHHEH SHEPrHH H3MEeHseTcs
Moayas FOura, xapakrepusyiommuii ynpyrue cpoiicra MaTepHasna,

Mazuuroarexrpuseckui sgppexr. [Tpun momewenun Kpucrasnos
deppo-, deppu- H aHTHPEPPOMATHETHKOB B 3JIeKTPHYECKOE TI0JIE BO3-
HHKaeT HaMarHHYeHHOCTh.,

ITvesomaenerusn. Tlox neficTBHEM BHEIIHEro NaBJICHHS B BellecTBe
C aHTH()EPPOMArHHTHOH CTPYKTYPOH BOSHHKAET HAMArHHYEHHOCTD.
Oppexr o6yca0BJIeH H3MEHEHHEM MAarHHTHOM CHMMETDHH NOA HeH-
STBHEM HANpSKEHHH.

Henenue arexrponnoii amuccuu. Coobmas atoMam KaKoTro-au6o
MaTepuana JONMONHUTEIbHYIO SHEPrHio, MOMKHO CO3JA4aBATH Ha IIO-
BCPXHOCTH MaTephasta CBOGOJHBIE 3JIEKTPOHBI NYTEM PA3JHUHBIX BO3-
IedCTBUH:

~— CH/IBHBIMH 3JIGKTPHYECKHMH MOJAMH  (aBTO3JEKTPOHHAS HJH
X0JI0/1Has 9MHCCHS);

—— HarpeBoM KaToAa (TepMO3JEKTPOHHAS 3MHCCHS);

— 006/JyYeHHEM BellecTBAa NEPBHYHBIMH 3JEKTPOHAMHU (BTOpHUHas
3JICKTPOHHAS] IMHCCHS);

— Bo3zeficTBreM cBera (dorosmuccus);




[image: image23.png]— 60oMGapAHPOBKON KaTOAa HOHAMHM (KHHETHYECKas HOHHO-3JIEK-
TPOHHAsT 3MHCCHS);

— YOPYrHMH HaNpsDKeHHSMH Ha TpaHHle NOBEPXHOCTHBIX 3€peH
MeTajja (3K303J1eKTPOHHAS IMHCCHS).

$IBJieHNE 3JEKTPOHHON 5MHCCHH HAXOJHT LIHPOKOE HCHOJb30BAaHHE
B 3JIEKTPOHHBIX JiaMIax, GOTOYMHOKUTENSAX, IPHOOpaAX TJeollero pas-
psla, paspsAHHKax H Ap.

I NeKTPOHHAS aMUCCUS TOHKUX naeroK. Ecnu yepes XOJOAHBIH Me-
TajJ B BHAE TOHKOH IJIEHKH B HECKOJBKO AeCATKOB HAHOMETPOB Iipo-
NYCTUTb 3JEKTPHYECKHH TOK, TO METaj/ HauuHAeT JIOMHHEeCUHPOBATh
H 3MMHTHPOBATh 3JEKTPOHH.

Apppexr Fanna. B kpucranjiax TUNa apceHuja raaus wim ¢ochu-
Jia MHOMSI TIPH ONpEJENEHHBIX HANpPSKEHHOCTSAX 3JIEKTPHYECKOTro MOJsA
BO3HHMKAIOT TepHoauuecKne KosebGanusi toka. Ilepuon kosieGauuit om-
pefleiseTcsl BpEMEHEM MpoJjieTa 3/eKTPOHOB uepes kpHcrani. Ienepas
1usl KoJ1eGaHuil uIeT BO BceM oObeMe KDHCTallia, YTO MO3BOJSET IO-
nyuats Gosabuine mouiHoctH CBUY-koseGanuit npu Majnom obbeme re-
HeparTopa.

AxycromaenerossexTpuueckuil agpgpexr. Ilpn pacnpocTpaHeHuH
3ByKa 4epes Teso, MPOBOJAsillee 3JEKTPHYECKHH TOK, H BO3JLEHCTBUH
MArHHTHOTO IOJsl TONepeK HaNpaBJeHHs pAacClpOCTpaHEeHHs 3BYKd
yBJIEKaeMble 3BYKOM 3/I€KTPOHH OTKJOHSIOTCS B MArHHTHOM TOJIE, UTO
NPHBOAMT K BOSHHKHOBEHHIO romepeuHoro Ttoka. Ecim obpasen pa-
30MKHYT B NMONEpeYHoM HarnpasieHHH, osHukaer DJC.

ArycroasekTponneil spgpext. TIpn BO3LEHCTBHH Ha MOJYIIPOBOAHAK
YIpyrHMu BOJHAMH B De3yJabTaTe MOIVIOL(EHHS! STHX BOJH Ha 3JEK-
TPOHAX TPOBOJAMMOCTH M <YBJIEUEHHSI» 3JIEKTPOHOB BOSHHKAET 31C.
C u3MeHeHueM HallpaBJeHHs pacnpocTpaHenus ympyroit BosHbl IJIC
HU3MEHsieT 3HaK.

Seaenue arexTpuueckozo npobos easos. l1pu onpeneseHHOM Hanps-
JKEHHH MOJKeT BO3HHKHYTb 3JIeKTPHUYeCKHil npo6oH rasoBoro Ipome-
KYTKa, CONPOBOKAAIOMHICS PE3KHM yBeqnueHuem Toka. Hampsukenne
npo6osi 3aBHCHT OT COCTABa ra30BOH CPENBl H MPOH3BEAEHHs NaBJE-
HHA ra3a Ha PACCTOSHHE MEXLY SJEKTPOJaMH. SIB/eHHe HAHOMB3Y-
ercsi B KOMMYTHPYIOLUIMX YCTPOHCTBAaX, 3alUTHBIX Pa3psAHBIX, B yCT-
poiicTBax AJs NOJYYEHHs HH3KOTEMIIePaTypPHOH MJIa3Mbl H AP.

Mun4-apgpexr. TlnasMeHHBId KaHaJ C TOKOM CyXaercsi IMOA ned-
cTBHEM COGCTBEHHOTrO MaruTHOro nojsi. dd¢pexr cBsAzad ¢ HEYCTOHYH-
BOCTBIO TOKOBOLO COCTOSHHS mjasMbl. [IpH omnpefe/SeHHBIX YCJOBHAX
CKAaThll TJa3MEHHBIH KaHa/ CTAHOBHTCS HCTOYHHKOM XKECTKHX H3JIY-
yenu#t. Mcnonwsyercs addekrt B AUATHOCTHKe IJIasMbl, /IS dokycu-
POBaHHSI H TPAHCIOPTHPOBKH OBICTPHIX YACTHIL H IP.

Arexrpoctpuxyus. Tlon nefcTBHEM 3/JAEKTPHUECKOrQ OJsT H3MEHA-
I0TCS pasMephl AUasieKTPHKOB. JdexT nponopuroHasler KBaipaTy
HaIpAXKEHHOCTH TOJIsT M TPOSBJIAGTCS BO BCeX JAHIJIEKTPHKAX. 3Ha-
guTeJbHbH 3¢hdekT HabalofaeTcs B HEKOTOPBIX XHIKHX H rasoo0pas-
HBIX MU3JEeKTPHKAX.

HHuiyxyuonnoe umnyivcroe curosoe ssaumodedictsue. Mmuyib-
CHOe MAarHHTHOE NOJe, CO3/laBaeMoe CIIHPaJbHBIM HHAYKTOPOM NYTeM




[image: image24.png]baspsila KOHAEHCATOpa, MoOxKer HRAYKTHPOBATb HMIYJBCHBI TOK
B GJIH3KO DPaCHOJIOKEHHOM XOpOWIO  NpOBOASIIIEM MeTadlle, Bsanmo-
NeHCTBUe HHAYKTHPOBAHHOrO TOKa B MeTaJ/ljle C MarHHTHBIM NOJIeM HH-
AYKTOpa NPHBOIUT K HOSBNEHHIO GOJBLIHY CHJI B3auMojelcTsusg, Cro-
C06 NO3BOJISIET ¢ GOABLIIOH CKOpOCTRIO nedopMHpOBATE TpybOuaTnie u
JIHCTOBbIE METaJIHYecKHe S4rOTOBKH, CO3XaBaTh yAapHbE BHOpa-
LHOHHEIE HArpysKH, NOJyuYaTh PACTATHBAIOIME M CKEMalol[He ycH-
/U B DASNMYHBIX KOHCTPYKIHUSX, PBAaTb  MeTa/JIHYECKHe CTepiKHH,
COHBATL JI€N ¢ OBIIHBOK CaMOJIeTa M KpHIUI 37aHHH, OTXHMAaTb H Ile-
Pe€MemuBaTh X0poo npoBoxsAmHe AKHAKHE METaNIbl ¥ HOHHU3HPOBAH-
Hble rashl.

daexrpodunamuueckoe curosoe eszaumodeiicreue. Tlapannenpibie
H GJM3KO PacloJoKeHHbe TIPOBONHHKH, OOTEKaeMble TOKOM, B3aHMO-
JEHCTBYIOT ApyT ¢ apyrom. B 3aBucumoctn ot HanpaBJeHHus TOKa BO3-
HHKalT JAu60, cHLI OTTAJKHBAHHS, JHOO CHIBI HPHTSKEHHS. Xapak-
TE€P TOKa (MMMIYJbCHEL, NICPEMCHHBIH HJIH TIOCTOSIHHEL) onpenessiet
XapakTep CHJOBOTO B3aHMOIEHCTBHS (ynap, BuGpanus uiu IIPHKHM) .
Cnoco6 mnospoaser nehOopMHpPOBaTE ¢ 60JbMION CKOPOCTBIO METaJIIhl,
CO31aBaTb yjpapHbie H BHOPHpyIOuUIHE Harpyskd, MOJy4aTb pacTsru-
BAIOIHE MM CKHMAIOIHE QHHAMHYeCKHe YCHIIHA B pasjHUYHBIX
1EKTPODHUIHUECKHX YCTPOHCTBAX, OCYINECTBAATE GrICTpO e CTRYIO-
WU NPHBOJ 3JEKTPHUECKHX annapatos, YCKOPATb Pas/JHYHBE OGbeK-
TBl, CO3/aBATb AYroracHTe/ibHbe ycTpo#cTBa u ap.

Saexrpomacnurnoe cunosoe s3aumodedicreue. Tlpu B3aumonefi-
CTBHH MarHHTHOIO IOJISI COJIEHOHAA ¢ beppoMaruuTHEIM CEpAEeYHH-
KOM (CTanb, HHKeNb, KOGAMLT U Hx CIIJIaBBI) BO3HHKAeT CHJa NpHTA-
XKeHus. B 3aBucumoctd or XdPAKTePA TOKa CONCHOMAA (HMIYJTbCHDIL,
HNepEMeHHBIH HJH TOCTOSAHHBIA) MOXKHO — CO31aBaTh COOTBETCTBEHHO
YAapHble, BUODHDYIOLINE HJH CTALHOHADHLIC HATDYKEHHS B KOHCTPYK-
nuax. Cnoco6 nosBossier OCYLIECTBJASATL IPHBOJ (mepememenue) dep-
POMarHHTHEIX CEPLEYHHKOB M CBSI3AHHBIX ¢ HUME 3JIEMEHTOB, YJ/aBJlH-
BaTb (eppoMaruuTHyio IBIb, CO3NABaTh TIFOBble 3JIEKTPOMATHHTH,
OCYHIECTBJIATL MEPEMEIIHBAHHE KHAKOCTEH ¢eppomaruuTaEIME Ya-
CTHUAMH H T. 1.

Cunosoe  szaumodeiicreue pepponaznurnox marepuasos ¢ no-
CTOARKbIMU maeHuTamu. MOXHO NTHTeNbHOE BpeMs u Ge3 3aTpar
SHEPIHH YNEPKUBATL HJH NPHKHMATD dbeppomaruutHEe H3gEIHS
(CTane, HUKe/b, KOGAMBLT H HX CIIABBI) K TOCTOSIHHEIM MATHHTaM HJIH
CBASAHHBIM C HUMH KOHCTPYKLHSIM H3 (beppoMarHHTHEIX MaTepHaJioB.
Hcnonesyercss mas YAEPIKAHHSA BCEBOBMOXKHBIX IIPEIMETOB, yJ1aBJH-
BaHUS (DEPPOMATHUTHHIX YACTHI[ H3 HKHUIKOCTH H Ta3oB H Jp.

Honspusosannsie mazuurnee CUCTeMbl, coueTaroujue NOCTOSHHBLE
MASHUT 1 drekTpomaznur, CHcrema HO3BOJISIET, B 3aBHCHMOCTH OT Ha-
NpaBJEHUsT TOKAa B OOMOTKe SJICKTPOMATHUTA, YCUJHBATbL HJAH 0CIa6-
JIATh Pe3YJbTHPYIOLlEe TArOBOE YCHJHE.

Ippexr Madncu—dJledwoxa, Spgexr Pueu—Madmu—dJTedrwxa.
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Ipgexr Ioxkkensca. Tlon nelicTBHEM NPUJIOKEHHOrO K KPHCTAJLIY
5JE€KTPHUYECKOTO MO0/l H3MEHSITCS ero OoNTHYecKue cpoiicrsa. BosHu-
KalT NOBOPOT H AedOopMaliHs 3JJIHICOMIA II0Ka3aTeled IpejoMJe-
ausa. Jas GosblIHHCTBA KpUCTaMaoB sddekr auHelinnii. Mcnoassyer-
cs ANisi CO3LAHHS MOAYJISITOPOB CBETa, CBETOBHIX GLICTPOAEHACTBYIOIIHX
3aTBOPOB, NpeobpasoBaTesell 5EKTPHYECKOrO HANpSKEHHS B CBETO-
BO# NOTOK H AP. v

Doroxpomnsii sgpgpexr. Tlox nelicTBHEM cBETA HEKOTOPHle Belle-
CTBA HM3MEHAIOT OKpacKy. B oTsanune oT OGBIUHOTO BHIIBETaHHMS 3TOT
abpexr o6patiM — (GOTOXPOMHOE BeIIeCcTBO TpHOOperaer ¢ TeyeHH-
eM BPEeMEHH IIepBOHAYA/bHYIO OKPACKy B TEMHOTE IOJ AefiCTBHEM CBe-
Ta APYroM YacTtoTh WJIM TpPH HarpeBaHWu. IHaBeleHHYi0 OKpacky
MOKHO COXPaHSITh OYeHb NOJITO, eCJIM OXJaJUTH BellecTBO HJH obpa-
60TaTh HEKOTOPHIMH Ta3aMH.

Ippdexr camoporycuposku. Tlpn nocTaToUHO OOJBILOH MOUIHOCTH
CBETOBOTO Jlyua MOXKET H3MEHHTbCS CBOHCTBO Cpelbl H Jyd IepecTa-
eT pacXoIuThCA (pacuimpsATbes), GORycHpysi caM cebs. Ilpu stom
Jy4 cBeTa pacHpoCTpaHsiercss Mo CO3LaHHOMY HM CBeTOBOAY. Tako#
CBETOBOJ YMeHbllaer ceueHue gyua. Mcnosawsyercs sddext B sasep-
HOH TeXHHUKe.

Onruxo-axycruueckuii agpgpexr. Ilpu o6ayueHMH rasa, HaxOAd-
merocs B 3aMKHYTOM o06beMe, MOIY/JHPOBAHHBIM IIOTOKOM HH(ppa-
KpPacCHO# pajMalyH, B rase BO3HHKAIOT MyJbcauMH Aasjenus. Kosu-
YyeCcTBEHHble XapaKTEPHCTHKH 3((peKTa BecbMa YYBCTBHTEILHEL K CO-
craBy rasosoii cmecu. HMcmoanayercs Ajs aHa/M3a TFasoOBHIX CMecei,
M3MepeHHsT BJAAXKHOCTH H AP.

Ceeroeudpasauuecxkuii agpgpexr. Tloa neficTBHeM yAaPHOIO HMIIYJb-
ca CBeTa KBaHTOBOTQ TeHeparTopa (Ja3epa) B XKHJAKOCTH IIPH TOIJIO-
HIEHHH CBETA BO3HMKAET I'MIAPAaBJHYECKHH yAap H (OPMHPYIOTCS BOJ-
HBE JABJEHWs, HOCTHTAIOUIHE COTEH ThiCAY MeEramnackalb.

Bryrpennutl ¢oroadhexr. Hekotopbie HOJYNPOBOIHHKOBEHIE MaTe-
pHaJjibl MPH OCBEIEHHH H3MEHSIOT CBOIO NPOBOAHMOCTh. BOJbIIOH YyB-
CTBHTEJNBHOCTBIO B HH(ppakpacHo# objactH cnekTpa o6nanait (oTo-
COTIPOTHBJIEHHS U3 CEPHHCTOro CBHHNA. POTOMPOBOAMMOCTL B 06/1aCTH
BUIMMHX M HMHOQpakpacHBIX Jyuefl cBoiicTBeHHa CeJI€HY, CEPHUCTOMY
U CEJEHHCTOMY CBHHILY, CEPHHCTOMY KaJMHIO, CEDHHCTOMY TaJjJHIO H
PSLY JIPYTHX BEUIECTB.

Porozarssanuueckuti aggpexr. Tlpn ocpelleHHH HaHECEHHBIX Ha
MeTasJl TOJYNPOBOAHHKOB Ha TpaHHLE pasiesia «MeTal—Ioaynpo-
BOJHHK» BO3HHKaeT (oTo3jc. dpdeKT 3HAUNTENbHONA BeJHYHHBI HAGJII0-
JaeTcss B CEPHUCTOM Trajlid, CepHHCTOM cepefpe, ceqene. Bricokoi
4yBCTBUTENbHOCTBIO 06/1a/1aI0T MOHOKDHCTAJIJIE TepMaHusl H KPEMHHS.
I¢pdexr Hawes HIHPOKOe NPHMEHEHHME TIPH CO3JAHMH TEeHEPaToOpOB
IJ1s1 Ipeo6pa3oBaHHsl COJHEUHO!N 3HEPTHH B 3JIEKTPHYECKYIO, 1aTUYHKOB
CBETOBOTO HOTOKAa M T. [.

dorosrexTpomaenutHoll apgexr. 1lpn ocCBelEHHH TOMEIEHHOTO
B MaTHHTHOE MNoJe TNOJyNpPOBOAHHKA HJIH MeTajla BO3HHKaeT ¢o-
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TI0J1eM MOTOKOB AH(PPY3HH CBOGOIHBIX HOCHTEJEH 3apsana, o6pasosan-
HHIX B pesyabTaTe MOr/olieHHs cBeta. Hanpassenue 3JEKTPHYECKOrO
017 MEPNEHAHKY/ISIPHO MarHHTHOMY. Hcnoabsyercs 3¢ ¢peKkrT B uys-
CTBHTEJIBHBIX NpPHEMHHKax HH(paKpacHoro H3JIyYeHus1 U Ap.

Doronaacruveckui spgpexr. Tlon meiictBHem cBera NPOHCXOJHT
HU3MEHEHHE CONPOTHBJIEHHUS MJAaCTHUECKON AehopManHu KPHCTAJJIOB
NOJYNPOBOAHHKOB (IIPOYHOCTb MOJIYIPOBOXHHKOB noj AeficTBHEeM CBe-
Ta yBeMHYHBaercs). MakcuMasibHOe M3MEHeHHe IIPOHCXOAHT NPH JJIH-
Hax BOJIH, COOTBETCTBYIOIIHX Kpal COGCTBEHHOrO NOTJIOIIEHHA KPH-
CTaJ/I0B.

o amasorun ¢ mssecTHbIMHU > peKTaMi u Ha OCHOBe aHAJOrH3a-
LMK MEXaHH3MOB HX NEHCTBHS MOXHO TPeICKA3LIBATH CYILIECTBOBaHHE
APYTHX TOJIE3HBIX 3()(PEKTOB M NPOTHOZHPOBATH MX HCIOJb30BAHUE S5t
HHTEHCHOUKALNH TEXHOJOTHYECKHX TPOLECCOB,

Hanpaumusatomyocs BHINMYIO  aHAaJIOTHIO H306pasHM cxeMaTH-
YeCKH,

1. Hanpumep, Bubpaunsm moxmo YNOLOOHTE aKyCTHYECKHE KOJe-
GaHHst, THAPaBJIHYECKHE NynbCaUHH, KOJeGaHHs TeMIepaTypH, AaB-
JCHHA, KOHUEHTPAUMH, HANPSKEHHOCTH 3JEKTPHYECKOrO W MArHHTHO-
F0 TOJeH, CKOPOCTH, YCKOpEeHHs LEHTPOGEKHOrO TOMst — B pe3yJibTa-
T€ NpHXOANM K 3bdekTy Hecramuonapuoctd. Ot THADABJIHYECKHK
IyNbCallHi, HANPHMEp, 10 aHAJOTHH MOMKHO O0XHJAATh CHHXKEHHS -
P-CHIl CUETUICHHSI MEXAY YaCTHUAMH JKHIKOCTH, T. e. VMEHBUIEHHSA
BASKOCTH B NOTPAHHYHBIX CJIOSIX, CI€L0BATENBHO, CHHMKEHHS THApaB-
JHYCCKHX COTPOTHBJEHHI, KAK W TpH BHOpauusix. Konebauns sesu-
UHHBl YCKODEHHS, MM BeJHYHHBl BHeLIHEeH MeXaHHYeCKO CHJIBI, Ha-
IpHMep NaBJj€HHs], NOJKHH BE3bIBATH TOT IKE BUOGDAIHOHHBIA (-
berT u T. A

2. o ananorum c 3 (peKToM Ge3bIBHOCHOCTH MOIKHO rnoJiarafThb,
4TO JAK6OH Apyroi ob6men MEXAY TPYWHMHCH NOBEPXHOCTAMH JO0JI-
KCH NPUBOLHTL K MOXOGHOMY pesy.bTaTy, HanpuMep, oOMeH HOHa-
MH HJIH 3JICKTDOHAMH MOX AeHCTBHEM 3J1eKTPHIECKHX nose#, B TOM
YHC/IC H IEPEMEHHOH NOJSIPHOCTH, 06MeH MAarHHTHOR 3HeprHed — K
MAariHTHOMY OTTAJKHBAHHIO, 06MeH YaCTHIAMH rpaduta (rpadutHas
cMaska) u mp.

3. Ec/M npeanosoxuTs, 4To B OCHOBe MexaHuaMa spdekra cHH-
MCHHS TPEHHS B BakyyMe NpH OLHOBPEMEHHOM OOGJYYEHHH JIeKHT
aKTHBALMA XKHAKOH CPeAbl, TO Ha OCHOBE 3TOTO0 3(P(heKTa MOMKHO J0-
NYCTHTL CYINECTBOBAHHE 3(Q(EKTOB CHHMKEHHS TPEHHS, OCHOBAHHBIX
Ha [pYrHX MeTOAAaxX aKTHBAUHH XKHUAKOCTEH, IOBBIIIAOIHX E-noren-
UHaJ HCIOJb30BaHUA I/MEKTPHYECKOTO H MATHHTHOrO NOJeH, KABHTA-
LMY, KHIEHUS H Tp.

4. Ilo aHajorun ¢ MexaHHYeCKHM sdpekToMm ynpyroro yaapa
AnekcaHpoBa MOXKHO NPEANONOKHTL  CYWIECTBOBAHHE NpENEAbHBIX
Macc peareHToB, Npele/bHbIX KOHUEHTDAUHMH, Npene/ibHbIX TeMIepa-
TYP, BBILIC HJIH HHXKe KOTOPBIX 3()(PEeKTHBHOCTH NPOLECCOB nepeHoca
He H3MeHsieTcd. Bo MHOrMX cayuasx Takas MexaHHUECKAS aHANOMHS
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HHUYECKHX 3ajay

_—

Ojnacte npuMeHeHus

Tonyuenne remnepatyp:
TIOHHKEHHBIX

BBICOKHX

Hsmepenne remmepaTypsl

Cra6uansainys TeMnepaTyprl
CusioBoe  BoszelicTBue. Peryau-
posanne cusi. CospaHue 60.b-
HIHX JaBJAeHHH

Cosnanue ¢u3HIECKOTO BaKyyma

CTaﬁmmaauuﬂ NOJIOKEHHSA 00D-
€KTa

Ynpasnenue nepeMenieHAEM
00BEKTOB

WHaukauus mosioxeHHs U nepe-
MellleHHe oObeKkTa

H3meneHue pa3MepOB OOBEKTOB

Co3nanue 3aJaHHOH CTPYKTYPHL
CraGunusaunsi CTPYKTYpPH 06b-
eKTa

Hcenenosanue u  peructpauus
CTPYKTYPHl OGBEKTOB

H3amenenue CTPyKTYpHI
Paspymenne o6neKTOB

AKKYyMyJnupoBaHHe  MeXaHHYec-

KON H TeiyioBOH 3Heprux

Ilepenaua sHeprum:
MeXaHHYeCKOH

TemJoBoH
JY4HCTOR

9JIEKTPHUECKOH
Tlepemenienue cMmecel

dusnueckoe sBJenue, apdext, hakTop

Gasoprie _mepexoant, Jdderr Imoyaa—Tomcona.
Opdext Pamka. Marnutokansopusecknii  sddexr.
TepMoasiekTpuuecKUe sBJEHHS

OJeKTpHYecKuil  paspsa. IlorsolieHne  HanyueHus
BelWeCTBOM. Tpenne. TepMmoaaeKTpHYecKHe SBJEHHS.
Buxpesnle ToKH

TensioBoe pacummpenne. TepMos/ieKTpuuecKHe sBJje-
nus. COeKTp H3AydYeHHus

@azoBrie nepexonbl. Typ6y/eHTHOCTE
DneKTpHYeCKHe M MarHHTHHe noJs. ®asoBhe nepe-
xonnl. TemnoBoe pacumpenune. I'paBHTaLMOHHBIE CH-
apl. Hedopmauust. Lentpo6exknrie cunpl. Ilepenaua
JaBjieHus XKHAKOCTAMH MJH rasaMu. Ddoert Anek-
caniposa. DueKTporuipasjnyecknii yaap. Ceerosoe
Jasaenne. Ocmoc

Cop6uus. Oudbdysusa. dneKTpHuecKne paspsjb. Bos-
JeACTBHE 3JeKTPHYECKMX M MAarHUTHEIX NOJel
Hedopmanus. DiekTpuyecKHe MarHHTHBIC MOJsA. Bu-
XpeBble TOKH. I'mrpockommuecku#i adderr. PeakTus-
HOe [BHXKeHHE

Ilepenaua napjeHHs B KUAKOCTH M rase. MexaHu-
YecKHe KOJeGaHHA. OJeKTPHYECKHe H MarHHTHBIE
noss. DnaerTpuszaunfd. Buxpepnle TokH. CBeToBOe
nzapjenue. TensioBoe pacuinpeHue

Orpaxenne cBera. @otosddexr. [Ledopmanus.
PentreHoBCcKOE M paJHOaKTHBHOe H3JydeHne. Jlo-
MHHecCIleHIL s, M3MeneHHe 3JIeKTPHYECKMX H MarHurt-
HBIX TOJIeH

Temnopoe  pacummpenne. [Hedopmanus. Marauro-
CTPUKLHS, 3JjekTpocTpukuns. Dddext Iloundunra.
ITbe3osnextpuuecknit addexr

Unrepdeperuuss Bosn. Crosiude BOJHEL Myaposuit
addekr. Marnutnue nosst, ®asoBble nepexojn. Me-
XaHHYECKHe H aKycTuyeckue KoneGanua. KaBuramus
Tonorpadus. PeHTreHOBCKOe M PagHOAKTHBHOE H3-
ayyenne. Yabrpassyk. Dddexkr Méccbayspa. Ilorao-
wende csera. IloasipusoBanHBI cBeT. TepMOMarnur-
uele sBaeHns. dpdekt Xomna

@®asoBre TnepexoiH.  YbTpadHOJETOBOE, pEHTIre-
HOBCKOE, PajMOaKTHBHOe uajyuenue. Jebopmanus.
DnekTpuueckue ¥ MardutHele nogs. Hnddysus
DjeKTpHUeCKHe PaspsiAbl.  DJIEKTPOTHAPaBJIHYECKUH
yaap. Pesonauc. Yabrpassyk. Kasutauua. Huayun-
POBAaHHOE H3/1YyYeHue

Vnpyrue pnedopmaunn. T'HPPOCKONHYeCKHE 3(derT.
da3oBbe NEPeXoibl

Dddext Anexkcanipopa. BosHOBOe IBHIKEHHe, B
TOow YHCIe yIAPHHE BOJHH. HMsnyuenwne
TennonposogHocTs. KoHBeKnHs

SejeHHe OTpaXkeHHsi CBeTa (cBeTOBOAM). Muaynu-
pOBaHHOE U3JIyUeHHe

CBepXnpoBOAMMOCTh. JJEKTPOMAarHHTHAs HHAYKLHS
Vabrpaseyx. Kasurauusi. Hduddysus. Dnextpuuec-
KHe H MarHHTHHe NoJs :
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QGaacTe MpHMeHeHUst dusnueckoe aBaeHne, 3ddext, dakTop

Pasgenenne cmeceit Copouns. dudoysus. OcMoc, DieKTpo- W MACHHTO-
cenapauus. BpaluaTtesibHoe ABHIKEHHe

I/ISD{I,eHeHHe MOBEPXHOCTHBIX Tpenne. Anxcop6uusi. Hubdysus. dpdexr Bayuun-

CBOHCTB repa. JJeKTpuuecKHe pDaspAib. MexaHHYecKHe M
aKyCcTH4YeCKHe Koje0aHusa. YJabTPaduoJeTOBOE H3JY-
YyeHHe

Kourpoab cocrosmus u cBoHcTBInexTpuyeckue paspsanl. Orpakenne cBera. SjeK-

MOBEPXHOCTH TponHas 3MuccHs. MyapoBuil ahdekt

Wamenenne 0o6veMHHX cBOHCTB/lupdysns. Dddekr DBaymmunrepa. TepMosJaeKTpH-

ob6BeKTa YeCcKHe, TEPMOMAarHHTHEHE B MACHHTOOITHUECKHE 3-

dexret. KaBurauusa, Wanyuenus. Diextpudeckue u
MarHuTHble nosas. BHyrpennu#t doroaddexr. Poto-
XpoMHHH 3¢ ¢ekT. PasoBHe MepPeXoibl
Koutposs cocrosnus u cpoficTBIIpesomienne cpera. NeKTPO- H MarHHTOONTHYEC-
B o0beme Kue aBiaeHus. [TonsipHsoBaHHHIN cBeT. PeHTreHOBCKOE
- H DaJAHOAaKTHBHOE H3jiyueHHe, DJIEKTPOHHBIH napa-
MarHUTHBIA H SIEPHBIH MarHUTHHH PE30OHAHCH
YmpaBieHue NMOTOKAMH:
JKUAKOCTH M Trasa Kanunnspaocts. Ocmoc. dddekr Tomca. Jdpdexr
Bepuyann. Boanosoe ABHXKeHHe
asposzonell (NHUb, ABIM, TY-DNeKTpPU3auusl. DAEKTPUYECKHE M MAarHHTHBE MOJS.
MaH) JlaBneHue csera
CBETA Tlpenomienne U OTpaKeHHe CBETa. JIEKTPOOITHYeC-
KHe M MATHHTOONTHYECKHe sBJeHHs (doToynpy-
roctb, 3¢pdextet Keppa n Makcseana)
Tenepauust  37€KTPOMArHHTHOrODbdekT JnosedceHa. SIBnenHe HHAYUHPOBAHHOIO
H3JIyYeHHS uaayueHus. TyHHespHBI addekr. JloMuHHECHeHUMS.
dd¢ert Tanna. dddekr Yepenkosa
Wnnuunposanne ¥ uHTeHcH(HKA-YibTpassyk. KasuTauusa. YibTpadHoNeTOBbE, DeHT-
LA XHMHYECKHX TIPEBPALIEHHH reHOBCKHe, PAJHOAKTHBHHE H3JIYYeHHS, DJEKTPHUEC-
KHe paspsjibl. YAapHble BOJHBI
Ananus cocraBa Ten Cop6uust. Ocmoc. DJekTpHueckHe noJst. Bosnedcrsue
uajyueHnil. Anajus uanydeHui ten. ONTHKO-aKyCTH-
veckuii “shdekr. ekt MeéccGayspa. flsnenus
37eKTPOHHO-IAPAMATHHTHOTO ¥ $IAEPHOTO MAarHHTHO-
ro pesoHanca. [1o/ipH3OBAHHEIH CBET
Unpykuus snexTpuueckux i Ma-OcMoc. DneKTPU3ALMSA Tel. DJEKTPHYECKHe pasps-
THUTHBIX NoJeft Ibl. [1be303JM€KTpHUECKHl H CETHETOEKTPHUECKHI
a(pherTr.  DneKTPeTH.  DNEKTPOHHAS  SMUCCHA.
DuekTpoonTHueckue siBaeHus. Dpdexr Konruuca.
Apderr Xossa. JAepHHE MarHHTHBIH Pe30HAHC.
TuapoMarHATHEE sIBJeEHS, Maruuroontayeckue sB-
JIEHHSA
Wuankanus usiyuyeHud Onteko-akycTryeckuii addekr. Tennosoe pacuuupe-
Hue, dorosddexr. Jlomunecnenuus., POTONNACTH-
yeckuit 3 dekT

B Ipolieceax mnepeHoca, (Pas3oBBIX H XHMHYECKHX MNpPEBpAllieHHAX Ha-
6aionaercs.

D1y aHANOTHIO MOKHO NPOJOJXHUTH, UCHOJNb3YS €€ AN IOUCKA HO-
BEIX 3(pPeKTOB H cloco60B HHTeHCH(pHUKALHH IIPOLECCOB.

B rtagux sBiaeHusx ¥ 3hdeKTax, Kak MAarHuTO- H 2JEKTPOCTPHK-
1M, Nbe303QPeKT, Nhe30MarHeTH3M HJH B leaoM psife dorosddex-
TOB SIBHO IIPOC/exXHuBaeTcs aHagorus. Ousuueckue 3P(HEKTH HAXOAST
WIUPOKOe TPHMEHeHHe IIPH peIUeHHWH pPas3JM4HLIX TeXHHYECKHX 3a1aY
(taba. 1.1).
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— 10 NpHpOJe AeHCTBYIOLIEH CHJbl HJIH CHJIOBOIO IIOJISL ~— Ipa-
BHTAUMOHHO-MACCOBBIE IOJIST H MEXaHHYeCKue CHJH, HOTOKH MaTepH-
4JbHBIX YacCTHI[, 3JIEKTPUUECKHE H MAarHHTHBIE II0JISl, MOTOKH HOHH3H~
POBAHHBIX 3apsXKEHHBIX YaCTHI, Ko/eOaHHs pasjHYHOH YacTOTHI;

— pDa3HOBHAHOCTAM TMpoleccoB H 3bdeKrTaM — MexaHHYECKHe,
THApOMEXaHH4YecKHe, aGcopOLUHOHHBIE, aACOPOUHOHHLIC, alTle3HOHHLIE,
AHQ(Y3HOHHBIE, SBJEHHs IIEpeHoca TEIIOTHI, MACChl U TIp.;

— XapakTepy INpeBpalleHHii -—— XuMHYeckue, (asoBHe, arperar-
HBIE;

— YPOBHIO JNeHCTBHSI — MAaKDOCKOIHYECKHE, MEXMOJEKYJ/sSpHbE,
TOHKOMOJIEKYJISIPHEIE, aTOMHbBIE, BHYTPHATOMHBIE — SsifEpHHIE;

— Xapakrepy cpeanl — B XKHAKOH cpefie, TBEPABIX TeJaaX, OIHO-

H MHOroQasHHIX cpefax, B rasax.

§ 1.3. ®DUBUYECKHE SBJIEHUSA U DD DEKTDI
B MUIOKNX CPELAX, OBHAPYXEHHbIE
NP1 U3YYEHMA UHTEHCHMDOUKAUMKM TIPOLECCOB

Ilpn pas3paboTKe HOBBIX TEXHOJOrHYECKHX IPOLECCOB H BEICOKO-
IPOU3BOJHUTENBLHOIO  3KOHOMHYHOro  0OOpYyLOBaHHS, COBEpIIEHCTBO-
BAHHH TEXHOJOTHH M MOJEPHH3ALHH CYIIECTBYIOLIHX MalUMHOANmapa-
TYPHBIX CHCTEM HENpEepHBHO IpUXOAHTCA ob6paumaTeCs K  HO-
BEHIIHM AOCTHIKEHHAM HAYKHM ¥ TEXHMKH, NPUMEHATb HOBHE, JO CHX
[NOp He HCHoJb3yeMble (usnueckue spaeHusi u sdoexto. Hoshie du-
3UYECKHE 3P (PeKTH H SBJEHHS B PYyKaX ONBITHOTO pa3paGoTYHKa mpe-
BpaIaloTCA B HeHCUepraeMBIH HCTOYHMK HOBBIX TeXHHUECKHX HAEH U -
pelleHHH, NPHMEHSIOUINXCS B IPOH3BOACTBE C BHICOKHM 3KOHOMHUYEC-
KUM 3¢ (deKToM.

Hns opueHTHPOBKHU pa3paboTYHKOB B BhiGope du3Hueckux addek-
TOB IIPH -COBEPILEHCTBOBAHHH TEXHOJOTHMH W OOODYNOBAHHS MHIIEBHIX.
H XMMHYeCKHX NPOH3BOJCTB IIPHBEJEM HX KPATKHIH MepeueHb, YKaxKeM
MEeTOABl NpeICKA3biBAHHS HOBHIX 3()(EKTOB B3aUMOAECHCTBHS H BO3-
MOKHEIE NIyTH HCIOJb30BAHHS HEKOTOPBIX H3 HHX B NPOHU3BOJICTBE.

Apdexr necrayuonapuocry. CYUIHOCTL €ro COCTOMT B TOM, YTO.
IIPH ONpeJeNeHHBIX H3MEHEHHAX BEJTHYMH OCHOBHBIX PEXHMHEIX Ilapa-
METpPOB IIpolecca B BHJIE NEPHOLHUECKHX KojebaHMH ¢ 3alaHHON dac-
TOTOH, aMILIHTYZO#, (GopMOR HMIysnbca M cABUroM (a3 Mexay ma-
paMeTpaMH BO3HHKaer HM3MEHEHHe CpeJHHX IoKasaresefl Iipolecca,
BEI3HIBAIOlIE€E B 3aBHCHMOCTH OT BeJHYHHH M 3HakKa (asoBoro ag-
texkta auG0 yckopeHne (HHTeHCH(HKANUWIO) Ipolecca B LeAOM, JIH-
60 ero 3amemneune (mopasneHue). Hamu 6uinn IpOBeLEHBl aHAH-
THYECKHE H BSKCIepHMEHTaJbHBIE HUCCAEJOBAHHUS BJHSHHA THADABJU-
yecKkoil, TeMIepaTypHOH H KOHLIEHTPAIMOHHOH HeCTalHOHApHOCTEHR Ha
MHOTHE THIPOMEXaHMUECKHE MPOLECCH H IPOIECCH TeloMaccomnepe-
Hoca: (HJABTPOBaHME MpH NepeMeHHOM JHaBjenuu [47, 48, 51, 52, 62],
KOHBEKTHBHEIYl TemJ0oOGMeH MpH THIPABJIHYECKHX Nydbcanusx [71, 72,
74, 79, 83, 84, 87, 90, 91, 93, 98, 99], ny/abCalUHOHHYIO KCTPaKIHIO




[image: image30.png][2], dpakunonupoBanue xupa npu KojebaHusax teMuepatyp [2, 27],
KPUCTAJM3alMIO caxapa IIPH TeMIepaTypHeIX Koaebamuax [2, 97,
378], ocumnaupyrowmuil 064yB BO3LYXOM INpH CO3peBaHHH ceipa [27],
UMITyJIbCHOE H3MEHEHHe TeMIlepaTyp B IIpoHecce CYLIKY, HHTeHCH(HU-
KallHI0 Tpolecca KHIEHHS KoJIeGaHMSIMM JAaBJEHHS H THApaBJHYEC-
KHMH IyJbcauusMu [2, 72, 220, 224, 225, 294, 295] u mHorHe apyrue
npoueccH. IIpu aHafHTHUYECKHX HCCACAOBAHHSX IYTEM peEHIEHHS CO-
OTBeTCTBYIOLUHX KPAa€BBIX 3ajJauy ObLIO YCTAHOBJEHO HaJIHupe JOMOJ-
HHTEJbHBIX CJATaeMBIX, TOPOXAAeMBIX K0J1eGaTeJbHBIMH H3MeHEeHHsI-
MH I[lapaMerpoB mpoliecca. FHTeHCHBHOCTH Ipolecca Olpepesyiach
CYMMOH 3THX CJIaraeMBIX, 3HaK HEKOTOPHIX M3 HHUX ofyciaoBiuBajcs
(asoBeIM 3¢ derkToM -— BEIMUHHON cOBHra ¢as Mex1y napaMerpa-
MH, BHI3HIBAEMBIMH KoJeGaHusaMH. Pe3yabTaThl 3THX HCCAE€IOBaHUK
ony6auKoBaubl B paborax [2, 42—62, 75, 76]. IIpakTHyeckoe mpuMe-
HeHHe JaHHBIX DPe3y/abTaTOB peasu30BAHO B H300PETEHHSAX.
ITyaecayuonnsui agpgpexr. PaHee cuuTanoch, YT0 Ha TEHEPALHIO
TyJAbCAlMi 3aTPaudBaeTCs 3HAUHTENbHAs] 3HEPTHS, KOTOpas SKOHOMH-
YeCKH [aJjieK0 HE€ BCerja OKyNaeTcsi BHIFOLaMH OT HHTEHCH(pHKAIHH
TIpolieccOB TemoMacconepenoca. Hamumu uccnenosanusamu [2, 33,
35, 71—74, 82, 86, 89, 91, 93, 94] O6bL10 MOKa3aHO, 4TO IIPH HAJHYHH
BO3BPATHHIX TOKOB B CEUEHHsX TPyGONpPOBOAA, B KOTOPOM IPOHCXO-
JUT TYJLCHPYIOIIEe TeUeHHe JKHAKOCTH BCJEACTBHE 3aTyXaHHS IyJb-
CaIlHOHHON ‘COCTABJAAIONIEH CKOPOCTH BAOJbL INOTOKA, BO3HHKAIOT OTPH-
LaTeNbHBle Nepemnajs AAaBJCHHs, Hrpapoule poJb MHYJbCALHOHHOIO
JBMKYILEro Hanopa, CHHXKamouero o0WHui Nepenajn naBjeHHs, H
00yCA0BAMBAIOIIHE KOMIIEHCAIHI0 3HAYHTENIbHOH YacTH 3HEpPrHH, 3a-
-TpayeHHOH Ha reHepamuio nyascaunmii (puc. 1.1). Ilpm stom (N.+
4+ Ny)—(Ngn+New) —Nwe=N,s, rne Ny, Ny— COOTBETCTBEHHO MOIL-
HOCTh NyJbcaTopa W Hacoca npu pabore; Nga, Nxw— TO Xe, HA XO-
JIOCTOM X0NY; Nue, Now — MOIIHOCTH COOTBETCTBEHHO 3HEPFHH JHC-
CHNALHUH W 3HEPTHH, NOTpebasieMoli HACOCOM Ha NEpeMEelleHHe XKUAKO-
«CTH TIPH CTAllHOHAPHOM TEUEHHH C TAKHM 3Ke PacxoAOM, KakK M IpH
NyAbCHPYIOLIEM JBUXEHHH. DBljIa TakXKe H KOJHYECTBEHHO Olpejele-
Ha 9Ta YacTh SHEPrHH: KOMIEHCHPYIOTCs BCe 3aTpPaThl MeXaHHYECKOH
SHEPTHH Ha TeHepaluio NyJbcalui, 3a HCKJIOUEHHeM HeOONbUINX He-
06paTHMBIX AUCCUTIATHBHBIX 3aTpaT 3HEPTHH, PACXOAYEMOH Ha Harpes
JKMAKOCTH OT J[ONOJHUTEJbHOrO BHYTPEHHErO TPeHHS BCJENCTBHE
nyabcaitufi. YIMEHHO TOJMBKO AHMCCHIIATHBHAS 4acTh 3aTpaT Ha JAOMNOJ-
HUTEJNIbHOE B DE€3yJbTaTe NyJbCAallHil HArpeBaHHe XHAKOCTH OT BHYT-
DEHHEro TPEHHs II0 CPABHEHHIO C TEUEHHEM XKMJKOCTH 0es3 myJbcalui
ocTaercss 6e3BO3BPATHO NMOTEPSIHHONH B COOTBETCTBHM C 3aKOHOM cOXpa-
HeHUs] SHePruH, NPUJAOKEHHBIM KO BCEHl 3aMKHYTOH CHCTEMeE, BKJIIOYa-
jouefi annapat, TpyGOmpoBOJABEl, Hacoc H TNyabcatop. bosabmas xe
YacTh MEXaHWUYECKOH 3HEPIHH, 3aTpaueHHON Ha paboTy nyJabcaTtopd,
BO3BpalllaeTcsi CHCTEME NOCPENCTBOM YCKODEHHs ABHXKEHHS KMAKOCTH
B TPyOONpoBOAax, 06YCJAOBACHHOIO AONONHHTEIBHEM NYyJ/AbCALHOHHBIM
HANOPOM, BBHIBBIBAEMBHIM 3aTyXaHHeM IIyJbCALHOHHOH COCTaBAsoOUlel
cKopocTH Brosib noroka (puc. 1.2). Ilpu napaanenbHoit paborte Haco-
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(DHKALKMH TeXHOJOTHYECKHX IIPO- AMIMATYAe myibcaunh —o= = (—D“) o=
HeCCoB. . =14,26 n pacxogHOH CKOPOCTH W, M/C:
ITyabcanuoHHBIH 3QDEKT 19— 15 24 — 1,0; 1,2 — MOWHOCTL HacoCa,

OGBLI JOKa3aH avaJaUTHYeCKH NPOKAUHBAOWIEr0 JKHAKOCTh; 8,4 — MOILHOCTh
[75_77’ 91, 94’ 100] H 3Kche- TIJIYHXXKEPHOTO NIyJabCaTopa
pumerransHo [2, 71, 72, 74, 82, 86, 89—100].

Kak cnenctBue pasBHTHsA HCCAELOBAHHN 10 HCHOJAL30BAHHIO MYJik-
CALlHOHHBIX TEYEGHHH B TEXHHKe s HHTEHCHU(DHKALHU TEXHOJOTHUEC-
KHX TpOLEeCcCOB OBIIM YCTaHOBJEHH 3((PeKTHBHBIE pPEXRHMBI, CyILIeCT-
BEHHO CHHIKAIOIIHE H Ja)Ke IPAKTHYECKH HCKJIOUYAKoIlHe HaKUIeoO-
pasoBaHHe B TeIJIOOOMEHHHKAaX M Nojorpematensx {71, 72, 74, 88, 92,
93, 100, 190], Teopernuecku HccaejoBaHBble B pabore [215]; pexu-
MBl NyJbCHPYIOUIETO TEYEHHS, CMBIBAIOLIHE HaKHIb € NOBEDXHOCTH
Harpesa H ofecleyHBalOILMe OUHCTKY MOJOTpeBaTenelf Ha XO4y 0e3 HX
OCTaHOBA NyTeM IepeBoJa B MNyJAbCAaUHOHHHHA pexuM pabGorw [85,
190, 217, 219], npu KOTOpPOM B HEKOTOPHIX CJydYasix HabIIONaNHCh H
KaBHTAUMOHHBIE DexuMbl [72, 95]. BuiiM- HaliieHBl B TEOpeTHYeCKH
JOKAa3aHbl NyJbCAUHOHHBIE METOAH HHTEHCH(PHKALHH KOHBEKTHBHOTO
Temjgoo6Mena, Tensoo6MeHa NPH KHIEHHH, (QHUILTPOBAaHHH, 3KCTPaK-
uuH, MaccoofMmena, B XHAKHX M ra3oofpasHbix cpenax [2, 4, 5, 71,
72, 97, 190], o ueM yxe ynomuuaJgock. MccienoBano OJHOBpEMEHHOe
BIMAHHE HA HHTEHCHBHOCTDb TEIJIOOOMEHAa M OT/IOXKEHHs BIyBa BO3AY-

o ow
Prc 12, Cxema neficTBHA NyJNbCAlHOKHOTO 30derTa: clga~Ter= (h+pz) ——

or
(kacaTefbHOE HaNIPSIXKEHHE HA CTEHKE H3MEHseTCA BAOMbKAHANA); O < Olg<Oly << (...
Wep=W(,)+® (_)=const#:f(x) —CpeJHsst CKOPOCTh HNOTOKA TIOCTOSIHHA, Wgn>> Wyo>
> Wn3>>Wyy ... — NYJAbCAUHOHHAA COCTABAAIONIAs CKOPOCTH 3aTyXaer BAOAb OCH X

NPH TMOCTOSIHHON CpefHel CKOPOCTH
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Puc. 13, Cxema geiicTBus addexra OGHOBNEHHS rpajHeHTa NepeHoca B cOBMellae-
MBIx nmpoueccax (C — nepeHOCHMasi cKajsipHas cyOCTaHUMs — KOHIEHTPAUHs KaKoro-
au60 BelecTBa)

Tpemuit npoyecc
YemBepmoid npoyecc

Xa HJH YIVIEKHCJOrO rasa H HaJOKeHHs! IyJabcalHil ¥ Ha#jgeHsl 3¢ dek-
THBHble pexumbl [78—100, 229-—246], Teopernueckuii aHajJu3 KOTO-
peix mpusenen B [47, 51, 63—65, 69, 75—77, 215]. Ilokasano, uTO
OYJIbCAIHH CKOPOCTH NPHBOJAT K YTOUHEHHIO H CPHIBY IOIDaHHYHOIO
cios.

Obnosaenue epaduenta nepewoca [2—4]. dror sdderr npoasns-
ercsi B COBMEINEHHBIX Ipolleccax, NpPH OAHOBDEMEHHOM NpPOTEKaHHH
HECKOJBKHX IPOUECCOB H COCTOHT B OOHOBJIEHHH rDaJHeHTa IepeHoca,
poCTe €ro BEJIHYHHBI 3a CYeT OXHOBPEMEHHOro TMNPOBENEHHS COBMe-
1AEMOT0 NPOLECCa, CBSI3HIBAIOIIETO NEPEHOCHMYIO CyOCTaHIMIO, ydacT-
BYIOUIYIO B HEepBOM OCHOBHOM IIpoliecce, a yBeJHYEHHE TpalHeHTa
nepeHoca BTOPOrO COBMEIIaeMOro Ipolecca MOXeT [JOCTHIaThCs
CBS3bIBAHHEM M VBeJHUEHHeM CcyGCTAHUMM NepeHoca BTOPOro mpouecca
elle OJHHM COBMelaeMbiM IHpoueccoM. Tpertuii coBMemaeMHid INpo-
necc OBGHOBJISIET rpafueHT IepeHoca MepBOro NpoLecca, YeTBEPThIH —
ofHOBJIsIeT TpPajHeHT MepeHoca BTOPOr0 COBMEILAeMOro  Ipouecca
(puc. 1.3). Cosjganne nocjaeLoBaTeJNbHBIX LENOYEK COBMEUIEHHST MpO-
HeCCOB TP OAHOBPEMEHHOM IPOBEACHHM HX BO BPEMCHH U NPH HCHOJb-
30BAHHM B HHX I[OC/JAENOBATEIbHOrO YBJEUCHHS W BBIBOJA M3 PEaKIH-
OHHOH cpenbl cyOcTaHuuil mepeHoca obecreynBaeT yBeJHYeHHe PasHO-
CTH KOHIEHTpPAUMH W TpajHeHTa IepeHoca MepBOT0 OCHOBHOTO HPO-
ecca.

Hanpumep, npu NOIMJIOMIEHHH KHCJAOPOJA APOKIKEBOH CyCHeHsueH
B paspaboTaHHON HaMHM KOHCTPYKLUH#H HHKEKIHOHHO-DACHBIIHTENbHO-
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ro JpOoKKepacTHJIbHOIO annapara TBeépias ¢dasa (LpoxK:KH) HaxolH-
fach BHYTPH Karesb H, MOTJIOM(as ¥3 MHAKOH Qasnt pPacTBOPEHHBIN
KHCJOPOJ, CHOCOOCTBOBaJa BOCCTAHOBJEHHIO (yBeJHYeHHIO) TpaaueH-
Ta KOHIEHTPAUMH Ha NOBEPXHOCTH KaIlH, OKDYXEHHOH KHCJIOPOLO-
cogepxamum rasom (puc. 1.4). Takoro xe poxa st ekt aeficTByeT
B pACHBLIMTENbHOM catypaTope. BHyTpu kamesb pacnblIeHHON cpe/bt
HAXOMATCSH YaCTHIBE H3BECTH, IOIJIOMAKIlKe PACTBOPEHHBIA YIyeKuc-
7Bl £43 W TeM CaMbiM OGHOBJSIOIIHE IPajMeHT KOHUEHTPALHH MeXK-
Ay JKHIKOCTBIO M YIVIEKHCIBIM Ta3oM Ha TOBEDPXHOCTH KalllH, OKpy-
JeHHO yraekucaipM rasoM. ITosnywaior —Qusnueckoe OGbsSICHEHHE H
MaTEeMaTHYECKYl0 TPaKTOBKY BOIDPOCH HHTeHCH(QUKAUHKE Tennoobme-
Ha TypO6ysnH3aTopaMH, 4acTHLIAMH, OCYMECTBJIAOLIAMU ¢$asoBHIll TIe-
PEXOf, ¥ APyrHe Npouecch ¢ MO3HIUH stpderra 0GHOBJEHHS TpajiHeH-
Ta nepeHoca (rpajueHTa TEMHNeparyp H KOHIIEHTpalHH) B MOrpaHHy-
HOM CJIO€ Y CTEHKH IIOBEPXHOCTHM Harpesa anmaparTos. Mruoro npume-
POB HCIIOJIB30BANHS 5TOTO 9(P(PeKTa NPUBEAEHO B pa6ore [2]. [Ipunnun
O6HOBJEHHS KOHTakTa (has, BesuHyTHE K. Acrapura, M. E. Kumu-
HesckuM, B.H.CTaGHHKOBBIM?, ABJSCTCA YACTHBIM ciayuaem s dexra
0B6HOBJICHHS T'DafHeHTa TepeHoca.

duasTpayuonnas adcopbyus. Ilpomecc busbTpOBaHHA YaCTO pac-
CMATpHBAIT KaK MpPOIECC MEXAHHUECKOro 3ajepiKaHusi TBEPILIX dac-
tuu, Ilpn Takom NOAXOfe B (UIBTPATE IO CPABHEHHIO C HCXOIHOH
CyClleH3Hefl CYLIECTBEHHO JOJKHO CHHAXATHCA COAEPKAHHE KPYIHHIX
yacTHI, M paclpejieneHHe YaCTHI IO pasmepaM B (QuibTpaTe HOJK-
HO CIBHTaThCsl B CTOPOHY MEJKMX YaCTHI[ MO CPABHEHHIO C MX paclipe-
JejieHHeM B uCXOAHON cycrensui. ONHAKO HaMH OOHapyXeH HpOTH-
BOMOJIOXKHEI Xapakrep CABHra 4acTHIl IO pasMepam [49]. DTor 20-
(eKT, COCTOAMHE B 3aAepXKAHHU NPH (HALTPOBAHHH MENKHX dac-

2 Cragunkos B. H., Tlomos B. I, Jincamckmui B. M. Tlpomeccs n anmapatst
MHILEBHX npousBoicTs. M.: Jlerkasd W THLIEBas IPOMBIIUVIEHHOCTD, 1985. 485 c.
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OCHOBHBIMH TpHYHHAME (DHALTPALHOHHOM ajpcopbuuu, Kak IOKa-
SBIBAIOT pACYETH], MOTYT GBITh 3JE€KTPOKHHETHUECKHE CHJIbH, BO3HH-
Kaiollue BCJIEACTBHE HANHYHS  3JCKTPOKMHETHYECKOTO MNOTEHIHANa
MEXAY XKHAKOCTBIO H TBEDABIMH IOBEPXHOCTAMH., M3 3TOr0 MONKHO
CAeMATh BBIBOA, 4TO A/ TIOBHILUEHHsT 3ddekTHBHOCTH 3anepaHus
MEJKHX YACTHIl HCIIOJb3YIOTCSI HCKYCCTBEHHBIE HAMBIBHBIE CJOH H3
MaTepHasa C 3JEeKTPOKHHETHUCCKHM INOTEHIMAJ0M TAKOH BEeJIHYHHEL
U 8HaKa, KOTOpHIH oOecneunBaj Obl Pa3BHTHE MAKCHMAJbHBIX 3JI€K-
TPHUECKHX CHJl NPHTAKEHHS OTQUABTPOBBHIBAEMbIX YACTHI[, 3a[aHHBIX
dusuuecKHX CBOHCTB. MOXKHO NOKAa3aTh, YTO CHJIbI IPOLEXKHUBAHHS
F, M rPAaBHTALHOHHOIO OCAKIEHHS F:. B ajlemenrapnoii suefike $uIb-
Tpa, 3aaepxkanusa F, GpPOYHOBCKOH Auddysuu Fs, U 5JeKTPOKHHETH-
YECKHE CHJIBl Fy; NPOTOPHHOHAJILHEL JUAMETPY YACTHI, B CIeAYIOUIHX
CTEIeHSIX:

Fuy~d¥2 Fyo~d? Fy~d? Foy~ d?B; Fy~d, (1.1)

ILJIH HEKOTODHIX H3 3TUX CHJI MOXKHO BbBIYHCJIHTL 3aBHCHMOCTH HX OT
CKODOCTH NPOHHKHOBEHHS CyCcneH3uu MEeXIay dYacTHHaMH (bHJIpry}O-
HIEro c¢Jjoga u,:

Fr.o"'vo; Fﬁp"'voz/s; Fax~vo~

DJIEKTPOKUHETHUECKHE CHIIbBl F,, TPONOPLHOHANBHB TAKKE BelHYd-
He (% YBeNMYEHHIO 3/EKTPOKHHETHUECKHX CHJI OPHIHNAHUS HOJKHO
CN0COGCTBOBAT A0GaBIEHHE B/IEKTPOJATOB B (hHIBTPYEMEIH pacTsop,
BepHee, B MEJKONOPHCTYI0 Hacaiaky. KpoMe ykasaHHBIX NpOSIBAsIETCS
eule AefcTBHe aACOPOGUHOHHEIX CHJI, CHJ AAr€3HH H KOTE3HH, BaH-Jep-
BAa/bCOBBIX CWJ, CHaI Marnycd, 0GyC/OBJICHHBIX IPaHEHTOM CKOpO-
CTH, CHJl NOBEPXHOCTHOrO HATSXKEHHS, KaNHIJISADHOrO CMauuBaHHs
u Tp.

B 3aBHCHMOCTH OT -KPYHHOCTH YacTHI NpOSIBASIOTCH B 60JbIIeH
CTENCHH T€ WJH HHBEIE CHJIB. [IpeoGnanaromee neficTBHe ompeneneH-
HBIX CHJI OOYCJIOBJMBAeT M XapaKTeP MeXaHH3Ma 3ajePXKaHHs 4aCTHIL
B 3aBUCHMOCTH OT HX KPYHHOCTH.

Maenuropasderurensnoii sgppext — shdekr otaenenns p pactso-
De caxapa OT HecaxapoB NOJ BO3AEHCTBMEM MArHHTHOTO TONS, Ha-
Guiofasncs HaMu npH yueae [aprvana Ha BhILE efuHHIH [33].

Huppysus napa s easosvie noaocru, o6pasoBaHHEIE B TOTOKE
KUIKOCTH B TPYGax TemIooOMEHHHKOB IIPH BAYBe ra3a HJH BO3AYXa,
BLI3hIBaeT HHTEHCH(HKALMIO KOHBEKTHBHOTO TENJI0OOGMEHAa OT CTEHKH
K XKAIAKOCTH [241], 0COGEHHO B DEXHMAax IpH UHCIE ®pyna cmecu
Frox Menee 25. Dtor apdekr Hapsiny ¢ pAsoOM COMYTCTBYIOLIHX CIOCOG-
CTBOBAJ CyIECTBEHHOH HHTeHCH(HKaIHMH TemtoobMeHa. Cpein comyT-
CTBYIOIIUX 3(QEKTOB, CNOCOGCTBYIOIUX HHTEHCH(OHKANMY TEMI006-
MeHa, COKDAIIEeHHIO BPeMEHH Npe6hIBaHHS NPOAYKTa B 30HE HarpeBa-
HH#, CHHXXEHHIO OTJIOXKEHHH H YMEHbUIEHHIO PacXoja SHePTHH Ha Mpo-
KauNBaHHEe HarpeBaeMoOH CMeCH, CjlelyeT OTMETHTb:




[image: image35.png]— YCKOpeHHEe ABHXKEHHA XKHIKOH (asbl y CTEHOK TPYyObl NPH TOM
XKe ee pacxojie 3a CUET 3aNOJIHEHHS 4aCTH MOTOKa rasoMm;

— 3 dekT oCHOBJIEHHSI IPaJHEHTa TEMIIEPATYPHl XKUAKOCTH y CTe-
HOK' NOBEPXHOCTH HarpeBa TPyOOK 3a CYET YCKOPEHHs IepeMellHBa-
HUSl B IIOTPAHHYHOM CJIOe HENDEePHIBHEIM BHEJpPEHHEM B HEro H BH-
HOCOM H3 HEero MeJKHX Iy3hIpbKOB rasa;

— CHHXKEHHE BI3KOCTH NOTOKAa CMEUIEHHEeM 3KHJIKOCTH C rasoM H

~ CBfI3aHHOE C 3THM yBeJIHUYeHue yucja PefiHonbica;

— YMEHBIUEHHE TOJIIHHLEI IOTPAHHYHOTO CJIOS XKHUAKOCTH Yy CTe-
HOK, CBA3aHHOe C YCKODeHHeM JBHIKEHHA XHUAKOH (aswl, o6yc/JOBJEH-
HEIM 3aI0JHEHHeM YacTH NOTOKa rasoM;

— Maccoo6MeH rasa ¢ JKHIKOCTBIO, €0 PACTBOPEHHME B XKHAKO-
CTH B OJHHX CJOSX H BHJEJEHHE B BHAe MeJbYaHIIHX Ny3BIPHKOB B
JIpyrux, oCOGEHHO B CBSI3H C pacLIHpeHHeM JBYX(as3HOro IOTOKa MO
Mepe ABHXKEeHHS BJIOJb KaHaJta;

— nupPysus napa U3 KHUAKOCTH B ra3oBble MOJOCTH, NPUBOASALLAS
npu Fre,<(25 K CyliecTBEHHOMY YBEIHUYEHHIO MapOCOAEpPXKaHUS ra-
30KHIKOCTHOTO MOTOKAa H JONOJNHHTEJIBLHOMY YCKOPEHHIO KUAKOH (a-
36 (0COGEHHO NPH MaJIBIX Ia30COAEPIKAHHSX MOTOKA), ¢ OAHOH CTOPO-
HBl, H CTHMyJHpyeMas pacllHpeHWeM ABYX(A3HOro NMOTOKa IPH HBH-
JKEHHH B KaHaJje ¥ o6ecleynBalolllast JOMOJHUTEIbHEN IepeHOC Temla
NOCPEACTBOM IIEpeHoca TeMJIOTH Mapoo6pa3oBanus nedopmanueil tem-
nepaTypHoOro npoduis CTOKOM Temnja — ¢ APYro#;

— YCKOpeHH€ Ta3oXMIKOCTHOrO IIOTOKA 3a CYET €ro pacliHpeHus
BIOJIb KaHaJa;

— COKpallleHHe BpeMeHH NpeGbiBaHHS pAacTBOPOB B 30He Harpe-
BaHHs, CHHXKAIOIee CTeNeHb TEPMHYECKOTO Pas3JioXKeHHs HarpeBaeMBIX
XKUAKHX Cpefl H oO0yc/OBJI€eHHOe BJHMSIHHEM HHTEHCH(HKAUHM Tena006-
MeHa H CBfI3aHHBIM C 3THM COKpallleHHeM oOuiefl JJHHB Temjoo0MeH-
HBIX KaHaJOB, C OJHOH CTOPOHEI, H yMeHbIIEHHEM BpeMeHH MNpelH-
BaHHs PACTBOPA B 3THX KaHajax 3a CYeT YBEJHUYEHHS CKODOCTH CMe-

CH, BBI3BAHHOTO BAYBaHHUEM rasa, — C APYroH;
— CHHXKEHHE OTJOXKEHHH Ha NOBEepXHOCTH HarpeBa, o6ycJoBJieH-
HOe CBOHMCTBaMH Tra3oKHJKOCTHBIX CMecell — pachnpelejieHHeM ILJIOT-

HOCTH, CKOPOCTH H TEeMIIEPpATYPhI IO CEYEHHIO KaHaJja,

— CHHXKEHHE Pacxoja Hepruu Ha IepeMelleHHe ra30XKHAKOCTHOR
CMeCH TO CPAaBHEHHIO ¢ OAHO(MA3HOH XKHAKOCTBIO IPH OJHHX H TeX
JK€ UCTHHHBIX CKODOCTSIX JBHXKEHHS KHMAKOH (ashl.

Takum o06pa3om, HpPH HArpeBaHHWH Tra30XKHAKOCTHLIX NOTOKOB B
Tpy6ax HHTeHCHDHKALMs JIOKAJbHOH TeMJOOTAauyH HABJAETCS CJel-
CTBHEM H3MEHEHHs: BA3KOCTH NpH N0o0aBJEHHH faxe HeOOJbUIHX KO-
JINYeCTB ra3a B BHICOKOKOHLEHTPHPOBAaHHblE PACTBOPH; CKOPOCTH CMe-
CH B pesy/bTaTe 3alOJHEHHS YaCTH CeYeHHs NOTOKa rasoM H BCJEA-
CTBHe paCLIMpPEHHs] TIa30XKHJKOCTHOrO NOTOKa ra3oM H pacllHpEeHHs
Fa303KHIKOCTHOTO INIOTOKa IO Mepe MABHXKeHHA B TPy0e; HCNapeHus
BJIOJIb KaHasia HarpeBaeMoOTO NpPOAYKTa B ra3oBhie IIOJIOCTH, 06yClOB-
JIEHHOI'0 MaccoOGMEHOM, BHI3RIBAE€MBIM Pa3HOCTBIO MapLHa/bHBIX AaB-
JeHHH BOMSHBIX MapoB (cTedaHOB TOTOK); HMHTEHCHBHOCTH Maccoos-
MEH4 8a CUeT HarpeBaHHs H PacCLIMPEHHS TasOXHAKOCTHOTO IOTOKA,




[image: image36.png]OTHOCHTE/ILHOH CKODOCTH I1apOBO3AYLIHOMN ¢asbl; nonoanurensuoro
YBEIHUCHHs CKOPOCTH CMeCH 32 CYeT mapoobpasoBaHus, o0ycmoBien-
Horo nuddysHell mapa B rasosble HOJIOCTH; NEPEHOCOB CKPEITOH Tell-
JIOTHl Napoo0pa3OBaHHsI U CBSI3AHHOH C 3THM neopmanued TeMnepa-
TYpHOro npoduns npu nudPYsHH napa B rasosbie nojoctH. Yka-
SdHHas 31eCh COBOKYNHOCTb SIBJEHHH NP BAYBE rasa B HOTOK HA-
TPEBACMOH KHIKOCTH MOXKET G6HTb NPeCTABJIEHA KAK 3¢ deKT HHTeH-
CHOHKALHH KOHBEKTHBHON TEMIOOTHAUH IyTeM BAYyBa rasa B IIOTOK
HarpeBaeMoHt XHIKOCTH.

Ilepeunciennrre cocTaBasiomue ra30KHAKOCTHOrO 3¢pdekra B JaH-
TEPATypPHEIX HCTOYHHKAX MOJYYHJIH KOMHYECTBEHHYIO OLIEHKY B BHJe
COOTBETCTBYIOIMX PACUETHHIX (DOPMYJ M GBLIM TMOJOMKEHH B OCHOBY
TpH paspaboTKe raso- H BO3AYXOKHIKOCTHBIX TEMIOOBMEHHEX amnmna-
parTos.

Pesynprathi amanutuueckux u 9KCIEPHMEHTAJNbHBIX HCCAeN0BaHHM
HHTEHCH(HKAUMH KOHBEKTHBHON TemNOOTAAYH nyreM BJyBa rasa B
NOTOK HarpeBaeMoOd cpejbl NpeACTaBIEHH B paborax [71, 72, 297,
229—246], pa3paGOTKH TIa30XHIKOCTHBIX TENIOOOMEHNBIX annapa-
TOB OCBEILEHB B [72, 234, 242]. BbicOKash HHTEHCHBHOCTb KOHBEKTHB-
HOH TeIJIOOTAaYH OT NMOBEPXHOCTH OXJAMKICHUS K ra30- HJIH BO3AYXO-
KHIKOCTHOMY TIOTOKY B Ny3BIDbKOBOM DPEXHME TeueHHs, KpOMe IpH-
MEHEHH7 B TEIJIOOOMEHHBIX aNNapaTax, MOXeT ObTb BecbMa adek-
THBHO HCHOJb30BaHA B CBA3H C mpobJeMoit 6opu6bl ¢ KaBHTaLMe,
HanpuMep, NpH OXJMaxAeHHH GJOKOB M y3JOB MOLIHBIX ABHraTenel M
Ju3e/ed, a Takxke OGOPYNOBAHHS NHIIEBHIX H XUMHYECKHX TpPOH3-
BOACTB, 4TO IPEACTABJSIET 3HAUHTEJBHBI WHTEpEC S COBPEMEeHHOH
TeXHHKH. B nysbipekoBoM cMecn KapHTaLHOHHbBIE PEXHMBI H CXJONHI-
BAHHE MY3BIPbKOB OTJHYAKIOTCS «MATKOCTHIOS — leMIdupyoliee nefi-
CTBHE YKa3EIBAT HAa Ha/HYHe BO3JAyXa HJIH HHEPTHOTO ra3a B Kapep-
Hax.

IIpumenenne rasoxHAKOCTHOrO MOTOKA IUIsl HHTEHCH(pHKAUUH KOH-
BEKTHBHOIO TEMJIOOGMEHA TNPENCTABJSET TAKXKE 3HAYHTENbHbBI HHTE-
pPeC H INpH pelIeHHH APYrof NpobaeMb — 6opb6Ll ¢ Hakumeo6paso-
BaHHeM. PaccMaTpuBaeMBlli rasoKuAKOCTHbIH spdexT okasasics s¢p-
(eKTHBHEIM CPEACTBOM IPOTHB HaKUNEoGpa3soBaHUA M OTVIOMKEHHH Ha
NIOBEPXHOCTSIX Harpesa. .

C rasoxHAKOCTHHIM 3(deKToM CBs3aHbl H IpYyTHEe SABJIEHHS.

Munumym nepenada dasisenui Ape.. B BEpTHKA/IBHBIX TpyGax npu
TEUEHHH B HHX Ta30XKHIKOCTHBIX CMecell. Munumym Ap../Ap, Ha-
Gatonaetcst IpH 3HaYEHHSX T'a30COAEpKaHKSA @, COOTBETCTBYIOIHUX OI-
PENRJICHHOMY COYETAHHIO MEXKAY NapaMeTpaMH: MCTHHHOMN CKOPOCTBIO
HKHAKOH (askl w, u lepenagoM AaBACHHS 0MHOGa3HOH KUAKOCTH,
TIPOTEKAIOUIeH C TeM JKe MACCOBEIM PacxoaoM Ap,, 4T0 H y ABYx(das-
HOro mOTOKa. MHHHMYM 3aBHCHMOCTel Ape/Aps=f(1—¢) B ropuson-
TaJbHBIX TPYGaXx BBHIBHIBAETCH DACCJOCHHEM B IBHIKEHUH ¢has u css-
3aH € yXy[IeHHeM Temnoo6Mena. B BepTHKaabHBIX Tpy6ax BO3HHK-
HOBEHHE 5TOr0 MHHHMYMAa He CBSI3aHO C yXYALIEHHEM TensoobMena, u
II03TOMY MHHHMYMBI B 3aBHCHMOCTSX OTHOCHTEJIbHOTO MajeHHS AaB-




[image: image37.png]JNeHust APy/Ap, OT BO3LYXOCOJepPKaHUs B BEPTHKANbHHIX TPybax yka-
3LIBAIOT HAa SKOHOMHYECKH BHIFOJHBIE ¢ HEPreTHYECKOH CTOPOHHI pe-
JKUMBI BEIeHHs npolecca [228, 240, 322].

IIpedorspaujenue uiu CHuscenue Haxuneobpasosawus 8 Tpybax
80ysom easa uau 8030yxa 8 noTok Hazpesaemol scudxoctu [71, 72,
190, 216, 229—246, 362—364, 366—372, 374, 375]. CHHKeHHE OTJIO-
JKeHHA Ha NOBEPXHOCTH HAarpeBa ra3oXHUAKOCTHHX TelJO0GMEHHHKOB
o6ycaoBieHo CBOUCTBAMH Ta3oXHAKOCTHHIX cMmeceft. Pewennem aung-
(depeHUHaNbHbIX YPABHEHHI HePa3pLIBHOCTH ABHXXEHHS H 3HEPIHH OI-
pelesieHbl 3aKOHBLI paclpefeseHHs] MJIOTHOCTH, CKODOCTH M TeMIepa-
TYpHl 1O ceueHHio motoka [1, 2, 6, 23, 37, 75, 76, 106, 120, 123—154,
168—171, 254, 259—265, 381, 382]. B sape nmoroka KOHHEHTPHPYIOT-
¢s1 Ta30Bble€ NY3BIPH, CHHXKAETCS TeMIepaTrypa, NPOHCXOAUT YCHIECHHOE
napoobpasoBaHne BcaeAcTBHe AH(PQY3HH Mapa B rasoBbie IOJOCTH H
BO3HHKHOBeHHS credanoBa mnoroka, M3 artoro caepyer, uto xo03¢-
(HUHEHT NepecHleHHs AJs HakuneoOpasoBaTesell I0JIOXKHTEIbHOH
pacTBopuMoOCTH (a HX OOJIBLIMHCTBO) B sjape TOTOKa Oyaer 3Hayu-
TeJbHO OOJBINHM, YEM y CTEHOK TPYyOH, PAe TeMIepaTypa XKHAKOCTH
Bbille, a rasoBble Ny3blpH M HCOapeHHe OTCYTCTBYIOT. Hagauune men-
KHX Nyablpeli 4 rpaHul pasfenaa $as B sfpe INOTOKA CO3JA€T YCJIOBHsI
JJiS BHIIAJEHHs HLjjaMa M CHHXXAaeT KOJHUYECTBO OCAaJKOB Ha CTEHKe,
10 ¢usuueckue paktophl. [Ipu BAYBE YIJIEKHCJOro rasa Hamu OOHa-
PYXEHO NEeHCTBHE W PsAJa XMMHUECKHX (aKTOPOB, BEI3bIBAIOIIHX CHH-
JKeHMe HaKHneoO6pasoBaHHs Ha TEINIOOGMEHHHIX NoBepxHocTax [71,
72, 190, 215—219, 229—246, 256—277].

Cronvocente (a3 u CHusenue norepy dasaenus. ITOT 3PPexT
nposiBJifeTcs NpPH TedeHHH JABYX(a3HBIX Tas30- ¥ MaPOXKHAKOCTHHIX
cMecell BHYTPH KaHaJIOB H TPYG C LIEPOXOBATHIMH CTEHKAMH B KOJb-
IIEBOM DPAaCCJIOEHHOM pEXHME H COCTOMT B TOM, 4TO C YBEJHUYEHHEM
IIEPOXOBATOCTH CTEHOK KaHAJOB Ilepenaj [aBJeHHs YBEJIHYHBAeTCs
B 3HAUHTENbHO MEHbLIEH CTENMEeHH, yeM NpH TedeHHH OAHO(pa3HBIX
KHAKOCTeH, M Jaxke Moxer yMenbwiatscs. [IpHunHOi 3TOMY sIBJASIET-
csl TOPMOXKEHHE TJIEHKH XXHAKOCTH Y LIEPOXOBATOCTEH CTEHOK H yBe-
JIVYeHHe CKOJbXKEHMs rasa B sIpe MOTOKa, BH3HBaKOLIee YMeHb-
HIeHHe HCTHHHOTO Ta30CofepKaHUsi TOTOKa H HCTHHHOH CKOPOCTH
JKHAKOH (asel — OCHOBHOro Hocuteasi Macchl, IIpu sToM ckKopocTh
rasosoii ¢asw ysenuuuBaercst [138, 141, 142, 146, 148, 154].

Spdexr pacreopenus 6 sudxocTu u adcopbuposanus Ha nosepx-
HOCTU 2a3a uAl 6030Yyxa, aKTHBH3HPYIOIEro LEHTPH Napoobpa3oBa-
HHsSI M HHTeHCHMHIUpPYIOWEro Tema006MeH TIpH KHIeHHH B Tpy6ax,
NpOSIBAAIOLMACT TPH BAYBAHHH HJM TOJCOCE rasa HWJIH BO3AyXa B
[OTOK JKHAKOCTH B HeGoabwux KosauuectBax (0,2—0,7%). B pesysb-
TaTe NPOBeJeHHHIX HCCJAEAOBaHHi oOHapyxeHa 0061acTb O 3HAYH-
TeJbHOH HHTEHCH(HKaIHe TemnooTAaud. MakchMaJjbHOe 3HAUEHHE
HHTEHCH(UKALUH TEMJOOTAAYH JOCTHraeTcs NPH CTPOFO ONTHMaJb-
HBIX 3HAYEHHSX NapaMerpa B, BHIPAXKEHHOro OTHOIIEHHEM MacCOBOTO
pacxoza BO34yXa K MacCCOBOMY pacxoly KMAKOCTH. [Tpu kumeHuu BO-
Ibl POCT TeMJOOTHaud Habuaojaercss Ao 3HaueHuit B=0,002—0,004,
IpH KOTOPHIX HHTEHCH(HMKauus remnoobMena J pocturaer 1,3. Hna




[image: image38.png]pactsopoB caxapa 40% CB ontuManbHoe sHaueHHe B COCTaBJAET OKO-
70 0,007, a unreHcndurauus J mocruraer 1,5, 1 pacTBopoB caxapa
koruentpanues 60% CB npn B=0,02 uxrencuduxanmus cocrapiser
1,9.

Brnepsble mogo6ubiii 3QdekT npu BIyBe HEKOHAEHCHPYIOLHXCS I'a-
3oB Obun yerawosien B. M. Tony6unckum u H. T SIMnoabckum [381].
Bueisee oruune omuchiBaemoro sbdekra ot adpdexra, o6HapyxKeH-
Horo B [381], COCTOMT B TOM, YTO C YBEJMYEHHEM YKa3aHHBIX OITH-
MaJIbHBIX 3HAYeHHH TEIJIOOTAAaua CHHXKaeTcs M NMpHO/DKaeTcs MO Be-
JHYHHE K mpejenam HHTeHcH¢unkauuum 1,08—1,10 (8—10%), obna-
pyxeHHbIM panee B [381] mpu GOJiblueM KoJIAUECTBE BAYBAEMBIX Ta-
308 (no 10%). —

[TpoBeneHHbie HAMH HCCJEIOBAHHSI MOKAa3ajd, 4TO B 0GJACTH He-
GospLIMX MaCCOBHIX PacXof0B BBOAMMOro B Tpy6y Bosgyxa (Wau ra-
3a), U3MepSEMbIX NECATHIMH JOJSMH NPOLEHTA OT MACCOBOTO PACKO-
Ja XUAKOCTH B'Tpy0e, BHI3BIBAIOWIKX 3HauuTeabHYI0 (130—190%) uH-
TEHCHQUKANNIO TennooOMena, BIHSHME OKa3biBaeT He ra3006pasHbiil,
4 pacTBOPEHHBIH BO3AYX. DTO JOKa3aHO NPAMBIMH 3SKCIEPHMEHTaMH.
KonuyecTBo pacTBOPEHHOro B XKHIKOCTH BO3AYXa H3MEPAJIOCH HA BXO-
Je B TpyOy NO KOJHMYECTBY CBOGONHOIO KHCJIOPOAa IIPH TeMIepary-
pe HMKe TeMmepaTyphl KHIeHHs Ha 2—3°C MeToNOM THTPOBAHHA T'H-
mocyJbGHTOM CBOGOJHOTO HOLA.

Mexay KOHYecTBOM PACTBOPEHHOro B KHAKOCTH BO3JAyXa H KO-
JMHUECTBOM MPOAYBAEMOrO BO3[YyXa VCTAHOBJIEHa UpAMas 3aBHCH-
MOCTb. JTa 3aBHCHMOCTb H pPe3yJbTaThl HCCJAEIOBAHHE N0 POCTY H
OTPHIBY MApOBHIX MNy3HIpeH I03BOJAIOT IOJarath, YTO WHTEHCH(HKA-
LHA TemnooOMeHa IpH KHOEHHH B TpyGax W NPOAYBAHHH BO3JyXa B
npenenax ero ONTHMAJBHEIX PacXoJOB HPOHCXOAMT OJjarogaps ak-
THBH3allHH LEHTPOB Napoo0pa3oBaHHS HA IOBEPXHOCTH Harpesa. He-
IpepHIBHBIM BJYBAaHHEM B KHISIIEH KHAKOCTH MOAJEPXKUBAETCS OIpe-
JlesieHHasl KOHIeHTpalHsi BO3AyXa HJH rasa. Beamexcrsue TypGyneHT-
HOTO NepeMelIHBAHHS BO3AYX COIPHKACaeTCsi ¢ MOBEPXHOCThIO Harpe-
Ba, aJCOpOHPYETCA HAa ee HEPOBHOCTAX U HENPepPHIBHO AKTHBHIUPYET
LEeHTpH napoo6pa3oBaHus.

HisBecTHBIE TIpOLleCCHl CTapeHHs IIOBEPXHOCTH Harpesa, WJAH TpPO-
Heccel NpHpaGOTKH, CBSI3aHHBIE C yJAaJeHHEeM H3 ee IOp MeJbYyaRuIux
NYSHIPHKOB BO34yXa H Ta30B U BHI3BIBAIOH[HE 3HAYHTENBHOE CHHMKE-
HHE TeIIOOTAAyH IO MCTEYeHHH MNEepBBIX 4yacoB paboTH, B YCJAOBHAX
HENpepHIBHOrO BAYBaHHS BO3JyXa HJIHM ra30oB, OYEBHAHO, MOTYT IpOTe-
KaTh 3HAYUTENLHO MEJJIeHHee WJIM 3TH NPOLeCcCH BOOGHIC MOTYT HE BO3-
HHKaTb B 3TOM cidydae [72, 294]. BnysaeMHil BO3AyX YBeJHYHBAeT
YHCJ0 AeHCTBYIOUIHX LEHTPOB NapoodpasoBaHHust, LIHDOYHAUDPYS B IO-
JIOCTb 3apOXKAEHHOTO MNy3hIpsA, CHOCOOCTBYET YCKOPEHHIO €ro pocTa.
D10 B CBOI0O OuYepelnr HNPHUBOAHT K COKPAIUEHHIO BPEMEHH CpejHecTa-
THCTHYECKOTO ILHKJIa pOCTa Ny3blpeil ¥ K YBeJHYEHHIO YaCTOTBHl HX
oTpHiBa. B TO e BpeMsi BAYBaHHe BO3JyXa B SHAUHTC/JbHOH CTeNeHH
CHHXAET 3aTpaThl JHEPTUH HAa oOpa3oBaHHe HOBOW ¢asml, crnocobcer-
BYET CHHIXCHHIO IIeperpeBoB, BbI3LIBA€T YMEHbLIEHHE TOMIIHUHBI Temo-
BOTO NOTPAHNYHOIO CJAOSI Yy CTEHKH, a TeM CaMBIM W OTPHIBHOIO AHa-
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Puc. 1.5. 3aBHCHMOCTh CTemeH; HHTeHCH(HKAUWH Temaoo6MeHa J OT OTHOWEHUN
MaCCOBOTO pAacXofa BO3JgyXa B K MaccOBOMY pacxony IHAPKYJHPYOIHe# XHAKOCTH
(po Wo) st pacTBOpPOB pasnuyHOW KoHueHtpauuu. CB, Y:

1—0 (Boma); 2—40 (caxapubii pacrBop); 8—60 [381]

+

Merpa mny3bipei. 3xech OGHApYXKHBA€TCs B3aHMONEHCTBHE HECKOJb-
KHX KOHKYDHPYIOUIHX (akTOpOB, 4TO H 0OyC/IOBJAHBaeT oOpasoBaHMe
SIPKO BHIPAXKEHHOTO ONTHMyMa B HHTEHCHBHOCTH TEIJIOOTAAYH, Xapak-
TEpPH3YIOLIEro OmHCHBaeMbIi apdekr (puc. 1.9). [lanbHehuee ysesu-
yeHHe KOJHYeCTRA BAYBAEMOrQ BO3JyXa MPHUBOJAMT K YBEJHUEHHIO Ta-
po-, Ta30COAepkKaHusl MOTOKA H K ellle GOJbIIEeMY CHHXKEHHIO TOJIILH-
HBl JIEPETPETOro CJOS Y CTEHKH W OTPHIBHEIX AUaMETPOB Mysmipedt, 00y-
CJIOBJHBAIOMIHX TNOCJAEAyIOUIee CHHMEHHe TeMnooTAauu., B atoli 06-
nacru (nmpu B>0,5% mas Boaw) 3hodexT 1o MEXaHH3MY CBOEro
JeficTBHA NpHOJIHKAETCA K [a30XKHIKOCTHOMY 3 ekTy.

PesynbTaThl 3THX HCCHeAOBaHME oNyGJHKOBaHE B paborax [72,
284].

Bausnue 31eKTPOKURETUMECKO20 XUMUYECKO20 NOTEHYUQAd HA HH-
TEHCHBHOCTh NAapo0GpPa30BaHHs HAa MeTaJJIHYECKHX MOBEPXHOCTAX 3a
CUET 3/IEKTPOJM3a MKHJKOCTH B TpellMHAX — UEHTPAaX 3apOXKACHHS
naposhix myssipeit. Cymsuocts a10ro 3d@ekra COCTOUT B TOM, 4TO 3a-
pOK/[EeHHe MapoBoii (hasel B MeJKHX TpPEIIHHaX CTHMYJHpYercs Ha
HauyaJbHON CTaJHH BhJEJEHHEM Ta3a H3 XHIKOCTH, KOTOpPOE SBJAACT-
Csl CJEICTBHEM HE ajAcOpOHpOBaHHS ero TBEPJAOH NOBEPXHOCTH H3
KHUJIKOCTH, a pe3yJbTaTOM YACTHYHOTO 3JEKTPOJIH32 KHIKOCTH TON
JefiCTBHEM pPasHOCTH IIOTEHIHAJOB MEXJY MKHIAKOCTBIO M METa/JIOM
IIOBEPXHOCTH Harpesa -—— pe3yJbTaTOM IPOSIB/IEHHS 3JIEKTPOKHHETH-
YeCKOTO0 HJIM XHMHueckoro ToTeHuuana. Ecad ydecTb IpH 3TOM, 4UTO
Pa3HOCTb MOTEHIHAJOB MeTaJ/ul — XHAKOCTh H3MEpseTcsd AeCATKAMH
MHJIIHBOJBT, @ Pa3Mep TpPeWUWHH — MUKDOMETPaMH, TO HANPSKEH-
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(E=u/d, u — pasHOCTb MOTEHNHAJIOB, § — LUHPHHA TPEWHHH), Poct
H OTPHIB NapOBBIX Iy3bipeil BHI3HIBAIOT H3MEHEHHE 3TOH HaMNpsKeH-
HOCTH TOJISI ¢ 4acTOTOH OTphIBa My3mipedt no 25 I'u, yem 06ycJoBJIH-
Baercst paloTa TpPeUMHBI KaK KOHJEHCATOPA TEPEMEHHOH EeMKOCTH.
DJleKTpHUECKasi TPHPOJA 3apOXKACHHS, YACTHYHO M POCTa NapOBOH
(asbl, OTKPbIBaeT BO3MOXKHOCTH IJIsi MHTEHCH(HKALUMH Ipoliecca KH-
NEeHHst BHELIHMM 3JIeKTpHYeCKHM mnosneM. Hamu mnposenenn cootser-
CTBYIOILHE 3KCIEDUMEHTH, MaTE€PHAJBl KOTOPHIX ONYyGJHKOBAaHHE B
[4, 285].

ekt arexTpuneckux ABAeHUl npPU PA308bIX NPEEPALLEHUAX
MOXeT GBITb HCIOJb30BAH AJs YCKOPeHHsl Npoueccos AH(ysuu, sxc-
TPaKUHH, KHIIEHHS, KOHAEHCAllHH, aJcOpOLHH, KPHCTAJJIH3aU¥H B
DJiIEKTPUYECKOM ¥ MariuTHom noasx [2—4, 32, 33, 190, 285, 380].
CymHoctb 310r0 3(peKra COCTOHT B TOM, YTO B IOTPAHHYHOM CJIOE
BOJIM3M TpaHMUBl pasjgena (a3 NOSBASETCH CIOH 3AEKTPHUECKHX 3a-
PALOB, CHOCOOCTBYIOIIHX TNOBHIUCHHIO KOHHEHTpalMH Beliecrsa. Ha-
NpHMep, Ha TpaHHIEe KDPUCTaJlJI-— pacTBop obpasytorcs (puc. 1.6)
JBOHHOH 3/eKTpHYeCKHH cJaoif, cnoii HepHera, caoit I'eabMrodbma—
Oltepua, cnocoGcTBYIOLIHE NEPEHOCY KPHCTAMIM3YIOMETOCS BEUIECTBA
H3 pacTBOpa Ha INOBEPXHOCTb KpHCTanana, BHeuiHee ajeKTpHYECKOE
1I0Jie B 3aBHCHMOCTH OT €ro HalpaBJIeHHS] H HANPSIKEHHOCTH MOKeT
MHTEHCH)UINDPOBATh HJH TOJAABJIATb TPOLECC KpHCTaJdnu3auun [4,
379, 380].

Hamu Hcnonp3oBalHCh  COOTBETCTBYIOUIHE  3KCHEPHMEHTaJbHBE
JAaHHBE IJ1 HHTEHCHOUKAIUH Npolecca KPHCTANJIH3AUHH M TIOAaBJie-
HHUA HakuneoOpasoBaHUs B 3JEKTpHUUecKoM noje. Ecmum k pacrsopy,
«€OJlepMalleMy HOHBl HJIH  JIHCIOEPrHPOBaHHYI0  (a3y, MNPHIOKHTh
BHEUIHEE 3/eKTPHYeCKOe MOJe, TO BO3HHKAeT OTHOCHTEJbHOe [BHIKE-
HHE HOCHTeNeH 3apsAJ0B HJIH TBEPAbIX YaCTHL, Ha3BIBAEMOE 3JIEKTPO-
¢opernueckuM. Hapsany ¢ atum  HaGuogaercss u  oGpaTHui 3¢-
(peKT — BCJEJCTBHE IBHXKEHUs HOCHTeJel 3apsiios, HaNpHMEp, B MO-
Jie IeHTPOOEXKHBIX CHJ, B NOJe CHJI TSKECTH, B MAaTHHTHOM II0Je€, B
JUQPPYSHOHHOM C€JI0e B COOTBETCTBHH C 3aKOHOM (PHKa B IOJE IPYTHX
CHJ He3JIEKTPHUECKOTO NPOHUCXOXKIEHHSI B PACTBOpE BO3HHKAET 3JeK-
TpHyecKoe moJsie. B sToM mposiBisieTcs B3aHMOCBS3b YKa3aHHHIX §B-
Jennil. JlaHHoe 06CTOSTENBCTBO HCIOJB30BANOCh [IJS H3LICKAHHS HO-
BBIX METOLOB HMHTEHCH(HKAUHWH NPOLeCCOB KPHCTAJAH3alluu., B one-
TaxX MO KDHUCTaJJH3allud CcaXapo3sl H3 pPacTBOPOB KOHIEHTpalHeH'
80% CB u Gosee Habi0HaJOCh CYLIECTBEHHOE YCKOpeHHe Mpolecca
IO AEHCTBHEM 3JEKTPHUECKOrO NOJIS BEICOKOTO TNOTEHIHAJla Hamnps-
KeHHocTeio E=5..10 xB/em. IIpu E=5 kB/cMm npouece Kpucramiu-
3auuu yckopsiacst B 1,5...1,8 pasa, npu £=10 kB/ecm B 4...5 pa3 B
3aBHCHMOCTH OT KOHIEHTPaUWH CaxapHOro pactBopa. Bexenue He-
CTALMOHAPHOrO MoJs CNocobcTBOBaJO elle GoJblIeH HHTeHCHPUKALHH
npouecca. Murencudukauns npoumecca KpHUCTAJIU3AUHH B 3TOM CAY-
uyae CBsI3aHa C HOBHIM 3((eKTOM YBeJIHYeHHs KoaddHuuHeHTa KuD-
{y3uH caxaposbl B PacTBOpe I0J [AEHCTBHEM 3JEKTPHUECKOTO MHOJIS.
BinsHMe NMOJMAPHOCTH 3/EKTPOJOB Ha HHTEHCHBHOCTL IpoLecca KpH-




[image: image41.png]CTAJIJIN3alHH MPOBEPAJNOCH Ha
AyefKax C LEHTPaJbHBIM 3JIEK-
TPOAOM H HEepHGEpHHHBIM TOsC-
koM. TlosicKH ycTaHaBJIHBAJIKCh
Ha BHEUIHEH NOBEPXHOCTH CTe-
KAsSHHOH mnpoOupku. B Hauaxe
npouecca HHTEHCHBHEH  1ueJ
npoiecc B AuedKax C NOJOXKH-
TeJbHBIM 3JEKTPOIOM, a 3aTeM,
HaoGopoT, HHTEHCHBHee BHIIa-
JaloT KPUCTaJLJIbl B sidefike ¢ OT-
pHLATEIBHBIM  3JEKTPOJAOM H
TI0JIOXKHTENBbHBIM T05ICKOM. B pe-
3yJbTaTe OIBITOB YCTAHOBJEHO,
YyTO caxapo3a MOXKET 0CelaTh Puc. 1.6. ITapanokc KpHCTa/JIH3ALHH:

Ha SJMEKTPONAX OGEHX TOMSPHO- Lo Kpucrann 2 — pactsop; 3 — Mubdysion

Buifl norpanuuHbil cnoll; 4 — npeanonaraembiii

crelt, IIpH 3TOM B AdedKe ¢ OT- cnoit HeHcrBHSt aACOPOGUHOHHBIX — 2JAFe3HOHHBIX
BaH-AEP-BaajbCOBBIX H  3TeKTPOKHHETHUECKHX

lTosepxHocme Kpucmania

Pacmbop —

4h 3

puoareJbHbIM  3JEKTPOAOM B ¢yn; 5 — nsMeHende koHueHTPauuH B Audby-
paifione TOJIOXKHTEJBHOTO 06O~  3HOHHOM NOrpaHHYEOM Ci0e Mo 3aKOHy Hepmcra-
duxka; 6 — INOpeAnosaraeMoe H3MeHeHHe KOH-

Ka KpHCTaJ/JIOB MNOABJSAETCH HA-  yenrpauun B cnoe ZelicTBHA 5A€KTPOKHHETHUEC-
ybosbuiee  KoauyectBo. Kpo- szmcun;q]. 8 — BHeWHAR M BHYTPEHHSS rpa-
ME TOTO, BHIAZIEHHE KDHCTAN-  mosepinocts xpnoranans L o dousenrpain
JIOB B ﬂqeﬁKe C MOJOXKHUTEJbHBIM KPHCTAJIHIYIOILETroCst BellecTBa B pacTBOpe;
Y — paccrosiHMe IO HOPMaJH OT HOBEPXHOCTH
3JIEKTPOAOM HaOJMI0AAeTCA TOJb-  xpucranna
KO o IOsiCKa, a ¢ OTPHUATENb-
HBIM 3JIEKTPOIOM — IO Bceli svelike. V3 oHmBITOB c/aenyer, 4To MoJe-
KYJIBl Caxapo3bl HOJIAPH3YIOTCA IOJ BO3LCHCTBHEM 3JIEKTPHYECKOTO
1I0JIsl, HO TOJIIPH3aLHUsl HX aCHMMETpDHYHAs, BHAHMO, MOJEKYJbl IpH-
ofperaloT npeobiaafaloliuil OTPHUATENbHEI MOBEDPXHOCTHHIN 3apsaj H
KOHILEHTPHUPYIOTCA Y TIOJOXKHTEJNbHOTO 3JIEKTPOAa, HA KOTOPOM H Bhi-
gensworcs U3 pactsopa. OueBHIHO, YTO 3JEKTPHYECKOE MOJIe CIOCOOHO
€o3/aBaTh MOBBIIICHHBIE MECTHblE KOHIIGHTPAUHH Ccaxapo3bl.

K BuBOLY 06 0c060#l PONH 3JEKTPHUECKHX CHJI B NEpeHOCe KpHUC-
TaJJM3YIILErocss BEIIECTBA H3 PacTBOpa Ha IOBEPXHOCTb KpHCTaJJa
MOXKHO NPUATH NyTeM CJAeAYIOLHX paccyxkieHHH (cm. pHc. 1.6). Ilo
3akony duka—HepHcra pacTBOpeHHOe BEHIECTBO IlepeMeliaercs
(nudyHnupyer) B pacrBope HOJ JeficTBUeM TpalWeHTa KOHIIEHTpa-
nHi. PasHocTh KOHLIEHTpPAUMH Ha ONpEeneseHHOM pacCTOSHHH sSBJS-
erca JBHXKYILEHl CHJIOH nepeHoca npu pud@ysun BemectBa. B aud-
(QY3HOHHOM MOTPAHHYHOM CJIOe HemoCPeJCTBEHHO BOJHM3H IOBEPXHO-
CTH KpHcTasia (cM. puc. 1.6) au¢p¢ysus BellecTBa MPOUCXOAHT MNOJ
AeHCTBHEM pa3sHOCTH KOHUEHTpAlHi Ha BHeUIHeH 7 u BHYTPEHHEH &
rpaHuIe 3TOro cjos. PacTBOpeHHOe BELIeCTBO MepeMeliaercst B CTO-
POHY MOBEPXHOCTH KpHCTaJja, KOHIGHTpALHsi €ro y HOBEPXHOCTH
KpHCTa/jla Ha BHYTPEHHeH TpaHHLe cJos &8 OKasblBaeTcCs MeHbLIeH,
uem Ha BHemnHefi 7. IloueMmy ke BellecTBO KPHCTa/JIu3yerca (Bblla-
Jaer U3 pacTBopa) INPE MeHblIeH KOHLIEHTPALHH M, CJeLOBATeJBHO,
MeHblIeM TMepecHIIeHHH Ha BHYTPEHHel TrpaHuIle cjaos 8, a He Ha
BHeIlHeil 7, I/l €0 KOHIEHTPallus H MepechleHie COrlacHo 3aKony Du-
Ka—HepHcTa snaunTesbHo Bole 9. B 3TOM M 3akJoyaercs napaaokc




[image: image42.png]KpHCTA/IH3aUHH, KOTOPHIH He NOJYyYdeT OOGBSCHEHHS. Has ero o6mn--
SICHEHHsSI HEOOXOAHMMO NpPHBJEKATb AEHCTBHS aJCcOpOUHOHHEIX, ajre-
SHOHHBIX, BaH-J€P-BaaJbCOBBIX HJIH 3JIEKTPOKHHETHYECKHX CHJI. MBI OT- -
AZEM TPEANOYTEHHE 3JEKTPOKHHETHYECKHM CHJIAM, NPOSBISIOIHMCS
B CBASH C HAaNHYHEM IBOHHOIO 3JIEKTPHUECKOTO CJIOS, CJON IrepHa
u Teapmrossua. Ha puc. 1.6 nmokasana npennosaraeMasi Kpupasi H3--
MEHEHUS KOHLWEHTDAUHMH 6 B 30He [efCTBHS 3/eKTPOKHHETHUCCKHX
cui. [on meficTBHEM 3M€KTPOKHHETHUECKHX CHJI. Y CaMOH IIOBEPXHOCTH
KpHCTa/1a 9 BHYTPH cJI0si 4 co3paercs KOHIIEHTPAlHs BEUIECTBa, 3HA-
YHTEIBHO INpeBHIIAlOmast ee 3a mnpefedaMu AHG(OY3HOHHOTO norpa-
HHYHOIO cnod 3 3a rpanuielf 7. DTuM U 06yCHOBIHBAETCS BhITageHHE
BELIECTBA H3 DACTBODA HAa NOBEPXHOCTH KPHCTAJLIA.

Ipgexr ysesuuenus Kosppuyuenta Jupdysuu sewecrsa 8 pacr-
60pe TON NeHCTBHEM BHEIIHEr0 3EKTPHUECKOTO IOJIS [379]. 3ror-
apdekt momoben spdekry Manxua—Puru—Jlexoka, BBHIpaxka-
IOMEMYCA B YBEJIMYEHHH KO3 (HIeHTa TENJIONPOBOAHOCTH TEIIONpO-
BOISIIHX MAaTepHaJOB B MarHHTHOM NOJE, H COCTOHT B VYBEJIHYEHUH
kospduumenta auddysun Bemecrsa B pacrBope mojp BO3meHCTBHEM
SJAEKTPHYECKOro noJst. dddekt Hafiged Hamu TEOPETHYECKH C IIO-
MOLIBI0O HEOOXOAHMOIO M JOCTATOYHOTO YCJAOBUA HHTEHCH(pHKALHK
TIpOLlecca MM €ro NONABJEHHS, BHIBEIEHHBLIX HA OCHOBE 3aKOHOB [Ie-
peHOCa TiepBoro mopsaaka. IAtor apdekt npopepen NPAaKTHYECKH NpH:
HHTEHCH(HKAUMK SABJIEHUH IepeHOCAa BelecTBa JIEKTPHUYECKHM I10JIeM
[4].

Sppexr nosoiwenus PH skudkoii cpedor npu scex sudax ee axry-
éayuu. Hamu usyyanuch pasnmunble MeTOAB BO3IEHCTBHS HA KHUIKHE:
CpPEeIbl, B TOM YHC/I€ HAa BOAY, C LEJIbI0O HX aKTUBALHH: JAe3HHTerpamnus,
KaBUTALHS, OMarHAYMBaHHe, BO3NEHCTBHE 3/MEKTPHUECKOTO OIS gepes:
IIDOHHUAEMYI0O TEPeropoAKy ¢ o6pasoBaHMEM KAaTOAHOM BOJbl, Ba-
KyyMHpOBaHHe, Talasi BOAA, OBLICTPOOXNaxJAEHHAs KUISULast cpena,,
BO3nedcTBHe 3dderta IOTkMHA H np. Ilpu stoM ycramoBJaeHO, uTo
AJISL BCEX CHOCOGOB aKTHBALHMM HAOJION2ETCH ONMH U TOT Ke pesyJab--
TaT — G€3 NPHBHECEHHS ILEJOYH H3BHe pH Boxm moswimaercs po
12—13. PasHble MeTOAB akTHBALHH 06y CJ/IOBNIMBAIOT DA3JIHYHYIO NPO-
AOJDKHTENBHOCTD COXPAHEHHS NOBBHIUEHHBIX 3HaueHnit pH cpen, T. e.
PasNMYHYI0 yCTOMYHBOCTh akTHBaUMH. Tasas M KaTOXHA® BOJA CO--
Xpalsier NosbilieHHbe 3Hayenus pH (ycrofiuuBocts) — 4—5 cyr, oc-
TaJbHBIC K€ METOAB! OGEeCHeYHBAIOT YCTOHYMBOCTh AKTHBALMH JIHIIb.
B Teyenne 35—50 muu [3].

HMurepeco ormeTuts, uTO 3apoKieHHe 3JEKTPHUECKMX 3apSl0B B
06JlaKax — IPHYHHA MOMHHH H FPO30BEIX paspsiioB — MOKET HMeTh
HHYIO TIpHPOAY, Y€M HAKOIJIEHHE CTATHYECKOrO 3JEKTPHYECTBA, KAK
STO NPHHATO mnojarath. TakoHl NPHYHHOH MOKET ObITh AKTHBAIHS
Kalenp BOAbl B O0Jakax, BhI3BaHHAsl MCNAPEHHeM H OXJamACHHEM H
COllpoBOxkaeMan ysennuyenuem pH cpeant m  o6pasoBanuem TpYIIL
H* u OH-, Hecymux 3apsgs.

Ippexr esaumnozo ocaabrenus aKkTusayul (Ne3aKTHBALHH) TPH
HOC/IENOBATENIPHOM HAJIOXKEHHH JABYX Pas3/HYHLIX METONOB aKTHBAIMH..
Hanoxennem gByx paspmuHbIX MeTOLOB aKTHBALKH BOZHI, T. e. MOCJe-




[image: image43.png]JoBaTeNbHOe HX NMPHMEHEHHE IIPH ONpedeJIEHHOM COYETaHHH, HE TOJb-
KO He yBelHuHMBaeT oOLero cymMMmapHoro s¢g¢dekTa aKTHBALHH, T. €.
pH cpensl, a Hao6opor, B3auMHO ociabJseT 9T0T 3PPEKT U NPHBO-
JAMT K CcHHXKeHHIO pH cpeinl OT HCXONHOro ero 3HauyeHHs A0 Hauajda
-aKTHBAlWH NepBbiM MeromoM. Hanpumep, akrusupoBanHasi no pH
12 katopnas Boja myTeM JesuHTerpauuH (06paboTka [e3MHTErpaTto-
pom) mpuBOAHJachk K HcxoxgHoMy pH 7—6,5 [3].

Ipdexr ycxopenus (unrencupukayuu) TPOLECCOB IKCTPAKUHH
-KUNIEHHs], PACTBOPEHHS B aKTHBHDPOBAHHOH XHUAKOH cpene (Boze).
[IpensapuresbHast akTHBALMs CPeAbl, HCHONB3YEMOH B JAaJjibHelinieM
IS BEIEHHs IPOLECCOB IKCTPAKIIMH, KUIIEHUs, paCTBOPEHHS, KPUCTAT-
JAu3auuy (3aTBepjeBaHHe OeTOHA), NPHBOJIHT K YCKOPEHHIO 3THX MpO-
1eccoB, T. €. K UX HHTeHcHpuKanud. [Ipu skcTpakiny 1eseBHX KOM-
TOHEHTOB M3 DAaCTHTENBHOTO CHIpbs (caxap, KpaxMmaJ, Macjo H IIp.)
«C NOMOIIBIO AKTHBHPOBAHHOM BOIBI JOCTHraercst Gojiee TOJHOE HX
H3BJICUEHHE, YBEIMYHBAETCS KOHLENTPAlHsl CPeAbl H YCKOPSIETCsl IPO-
iecc. AKTHBHDOBaHHasi BOJa CKopee 3akunaer, BeToH, mpurorosieH-
HbI Ha aKTHBHPOBZHHOH 3aTBOPHOH Boje, ofjajaer Gojiee BHCOKOH
TIPOYHOCTBIO ¥ CKOpee 3atBepiesaer [3, 4].

Ipgexr roncepsayuu u 6axTepuyLLOHOCTY COKO8 B 3JEKTPHUECKOM
1oJie, CO3JAaBAE€MOM pPAaCTBODSIieMBIMH  aJIOMHHHEBBIMH 3JIeKTPOLaMH,
HIU B 3JIEKTPHYECKOM II0Je, 06pa3oBaHHOM HEPACTBOPUMBIMH 3JI€K-
TPOAAMH H NEHCTBYIOLIMM OJHOBpeMeHHO ¢ J06aBKo# B pacTBop (COK)
CEPHOKHCJIOro riHHo3emMa B Koauyecrse jpo 0,2 mac.% [4, 213, 328,
330]. :

Ipgexr noarudicnepcHocTi COCTONT B HOCTHIKEHHH MEJKAMH ya-
CTHIAMH IOJHAMCIEPCHOH Cpelbl TeMIlepaTyphl B IIpoliecce Harpesa-
HUS WIH KOHUEHTPALMH B Ipoliecce aJcopOLH# BHILE COOTBETCTBEHHO
TEMNEpaTyp H KOHLEHTpaUHuil OKpyXalouWux gacTHu cpen [2]. Dd-
QexT nposiBAseTCS NPH HENPEPBIBHOM CHHXKEHHH TeMIepaTyphl HJH
KOHIIEHTPALHUH OKpYXKaloliel cpefrl. 3aKOHE COXPAHEHHS H TEPMO-
AHMHAMHKH TIPH 3TOM He HApYLIAIOTCS, TaK KaK OHH NPHJAraloTcs KO
BCell MOJMJHCIEPCHOU cHCTeMe, KPYNHBIE YacTHHBE KOTOpPOH [asiexo
He NOCTHTaloT TeMIIepaTyphl H KOHUEHTpauHu cpeibl. C MOMOLIBIO ce-
TapalMH MeJKHX YacTHI[ B IIpolecce BeAeHHs IPOLECCOB ajncopOuuu
MJIH HarpeBaHHs Ha IMpakTHKe MOXHO ofecneuuTp OoJee MNOJHOE H
Jaxe H36BITOYHOE IO CPABHEHHIO C PABHOBECHBIM HCIOJB30BaHHe IHO-
TEHLHAaNa OKPYKalolled Cpejsl.

IphekT TemneparypHOU HECTAYUOHAPHOCTU, COCTOSILIMHA B HHTEH-
<H(pHKAUUH TpPOLeCcCOB KPUCTANNM3AHUH, (PaKIHOHHDPOBAHHSA XKHpa
€ MOMOIIBIO TeMIepaTtypHeix Kosaebauuii [2, 5, 378]. IlposBnserca u
B MOHOJHCIIePCHO!H cpeje, MO3TOMY MOxKeT OHTh OTAeNeH oT 3ddekTa
PEKPHCTAJNH3 AR (TOJHKOHIEHCALHH) .

Masrrukoseul mexanusm roasysayuy 6eakos8 B DIEKTPHYECKOM
ToJjie. DKCHEePUMEHTaNbHO 1O BEJMYMHE HANpsKEeHHS, CHJe TOKa H
JpPYrUM TapaMerpaM HaMH YCTAHOBJEHO, YTO B 32JIEKTPHUECKOM TIIOJie
CylIeCTBYeT OCOOBIH MeXaHH3M KOaryJsuuH OeNKOB, OTJIHYAIOIHACSH
OT HOPOCTOTO OKHCJIEHHS OEJKOBHX coenuneHufi. OH 3aximouaercs B
TonepeMEHHOM 3apsiie  MHulesa 0enka y MOBepXHOCTeH 3/1eKTpofoB




[image: image44.png]Pa3HOH NOJISIPHOCTH M MOCJEAYIOmel HeHTpaNH3aun 3apsana mpu coe-
AMHEHNH 4aCTHL C PasHbIM 3apsiloM B sjlpe NOTOKA. B atom cayuae
MOJIEKYJIEl Gesika KOJIeOMIOTCS KAk MasiTHHK MEXAY SJeKTPOLaMH,
COCAHHAACh Y OAHOrO M3 HHX ¢ HOHOM H*, y npyroro — ¢ OH-. B
MEX3/IEKTPOLHOM NPOCTPAHCTBE MOJIEKYJbl CTAJKHBAIOTCS, HX 3apsij
HEHTPANH3YeTCsl, a CAMH OHH COEMMHSIOTCS MEXIy coGOH 3JIERTPOCTA-
THIECKHMH CHIaMH. Dyayun HedTpabHBIMH, TaKHe TPYIIH MOJEKY.I
NPHOGPETAl0T CNOCOGHOCTL BHOBb NPHCOEAMHSTH K cebe H+ u OH—
Y TOBEPXHOCTEH 3JEKTPOJOB COOTBETCTBYIOIEH NOJSPHOCTH H BHOBb
COCHHATBCA MEXKAY COGOH B MEKIJNEKTPOAHOM IPOCTPaHCTBE. B pe-
8y/lbTaTe TAaKMX MHOTOKPATHBIX COEJHHEHHH GEJKH KOaryJupyioT B
BUJI€ KPYIIHBIX XJIOIBEB, UTO M Habmogaercs B [3, 4].

Ipperr peeyauposanus UHTEHCUBHOCTU  TENAOMACCOOBMEHHbLY
npoyeccos (ynpapjieHusi) ¢ MOMOIIBIO n-TpHCAZoK. C NOMOUIBIO pas-
JIMYHBIX MOJHMEDHBIX AO6aBOK MOMHO HE TOJbKO CHUMKATb THAPABJIH-
YECKHE CONMpPOTHB/ICHHs (3(Q¢dekT nembdHHa), HO H yUPaBAATH NpO-
HeccaMH Temiomacconepesoca [2, 3]. Ilpu 3T0M MOXHO BBOAMTBH IIPH-
CaJK{, INOIJIOUIAKOUIME INepEHOCHMble KOMIIOHEHTH HJIH CYGCTaHIMIO
H_ YBeJIMYHBAIOUIHME TpajiHeHT TepeHoca. B 3toM paHHEA 3ddekr
conumkaercss ¢ apdexToM OGHOBIEHHs IpaiMeHTa TepeHoca. B Ka-
YeCTBE MPHCANOK JJIsi HHTEHCH()HKALMH MaCCOOGMEHHBIX NpOIECCOR
MOTyT OBITb, HAIPHMep, HCIOJAB30BAHHE (Topankansl [5], a Ajst Temio-
OOMEHHBIX NPOUECCOB — IPHCAJKH, MOHHKAIONHE KOHIEHTPALHIO»
NepeHOCHMOH CYyOCTaHUHMH — TeMIepatypy, 06/iajfalolue B CBA3H C
3THM CHOCOGHOCTBIO COBEPINATh (PA30BIE MEPEXOAbl B 3aaHHOM IHa-
nasone Ttemmneparyp. Ilocneanmfi NpHHALMI NpUMeEHsieTCS IIPH BOJO-
HCIAPHTENILHOM OXJaXK/EHHH.

Bsaumocease xospduyuenros pacreopumoctu xaradonos (dpropan-
KaHOB) ¢ KO((HUUEHTAMH KOTE€3HH H OITHYECKOH IJIOTHOCTBIO [5].
OT10T 3(QheKT yCcTaHOBIEH 3KCIepUMEHTalbHO. [1pefIoKeHsl COOTBET-
CTBYIOIlHe pacCueTHBle YPaBHEHHMs, MeTOJbl aHaJH3a cMecell 1mo Hux
ONTHYECKOH MJIOTHOCTH. JpekT MOKer ObiThb HCIONL30BAH NPH KOH-
TPOJIE€ IIPOLECCOB KPHCTAJJIOTHAPATHOH TEXHOJIOTHH H [IJS HHTEHCH-
(bHuKanuH MaccOOOMEHHBIX MPOLECCOB.

Apexr camountencupurayuy Tenromaccoobmena  AKYCTUHECKU-
mu goaebanusmu [2, 104, 105], Bo36yxIaeMbIMA B XHAKOCTH NPH KH-
neHHH, Oap6oTaxe H KaBHTAUHH 3apOXKIAIOIWUMUCT H CXJONBIBAIO-
JUAMHCSL TapOBBIMH HJM Ta30BbHIMH Ny3bIpsiMH. [efictBre atoro 3¢-
¢GexTa moATBepKAAETCS HALIMMH HCCAEJOBAHMSMH M TPOSBASETCT B
NPSIMOH CBSI3H MEXKJAY HHTEHCHBHOCTBIO TENJIOMAacCOMEpeHoca M YpOB-
HeM akycrayeckoro myma [2]. IIpu uccienoBaHHH npoliecca PeKTH-
¢ukauuu cnupra Gpla ofHApy:KeHa YeTKasi CBsI3h MEXAY YPOBHEM
AKYCTHY9ECKOTO IIyMa M KOHHEHTpAlHeH ClUpTa B JIOKAJbHBIX MeCTax
kosounbl. Hanuyue storo sddekra, pa3genphoe ero H3ydeHHe IO3BO-
JISTIOT BBHIAEJNHTb aKyCTHYECKYIO COCTABJSAIOIIYIO Temjaoo0MeHa TIpH KH-
NIeHHH, MaccooTAaye, Npu 6ap6OTHPOBAHUH, a TaKXKe OOBACHSIOT aKyC-
THYECKHEe MeToJnl uHTeHcH(pukauuu [104, 105], nawor BO3MOKHOCTH
BBIIEJIHTE 006/1aCTh aKyCTHYECKOTO TEIIOMaCCONEpeHoca M pewmarth Ha
NpaKTHKe BONPOCHl HHTEHCHBHOCTH TEXHOJOTHYECKHX IPOIECCOB C
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y4yeTtom QQ)Q)eKTa CaMOI/IHTeHCI/I(pPlKaHHH lyMaMH, NOpOXIaeMbMH ca-
MHMH TpoleccaMH (Kunexue, 0apOOTHDOBaHHE, KABHTAUMs, KOHMIEH-
canusi u Imp.).

Tomozenusayus amyarocuil npu NPONYCKAHUL UX 4epe3 MeTaslo-
Kepamuky, W3TOTOBJEHHYI0 M3 II4POOOPASHEIX YaCTHIl OJHHAKOBBIX
pasamepos [4, 29, 30, 195].

Sppexr ydapuo-cTpyiinoi urTeHCUDUKAYUL TENA00OMEHA MEXKIY
TBEpPAOH CTEHKOH M JKHAKOCTbI0, COCTOSIIUHHA B COYCTAHHH H OLHOBpE-
MeHHOM JeficTBHH MHOTHX (akTopoB (3¢ dekros). [Ipu ynape crpynu
O CTEHKY IOBEDXHOCTH TemJooO6MEHa XKHAKOCTb BHYTDH INsiTHA pacre-
KaHHS JBHXKETCS B IJIEHKe, TOJUIHHA KOTODOH M3MEPSETCs NeCSITHIMH
JONSIMH MHJNHMeTpa — peficrsyeT adext Kpaycconpaa (o~A/0 —
KOSq)(bHU,PIeHT TEMJ0OTIAauH 06paTHO IIponopuuoHaJsiel TOJIIHHE IIJI€H-
KH }KH,HKOCTH). Cxopoch JIBHKEHHS KHAKOCTH B TOHKOH IIJIeHKEe IAT-
Ha pacTekaHHsi mocrtHraer 10—15 M/c, npn sTom nefictByer addekT
Pefinoannca — yBeJnueHHe TeIOOTAAul 3a CUeT YBCJIHYCHHA CKO-
POCTH MOTOKA H NPHTOM B MaciuTabax BHYTPH IPHCTEHHOrO CJod, CO-
BCPIIEHHO HEJOCTHXKHMBIX NpH HANOPHOM TEYEHHH XHAKOCTH B TPY-
6ax. [lo mepe pacTekaHus KuHAKOCTH B ISITHE TOJIIMHA €€ C/I0sf, Kak
YCTaHOBJIEHO [2y 6, ]91_194], ocTaeTcs HeM3MEeHHOH, H, KakK CJeJCTBHE
3TOTO, C YBEJHUeHHeM pajuyca yAAJEHHsi OT TOUKH yAapa CTpyH (KpH-
THUECKOH TOHKI/I) CKOPOCTh KUAKOCTH CHH2KA€TCdA, 4TO CO3Ja€T YyCJ0-
BHA /s CPHBa NOrpaHHYHOro C/10s1 MOZOGHO TEYeHHIO B KOH(pysope
HAH IpH HyJbCalusiX — JeHCTBYET NYJIbCalHOHHbIH adpdekT ypeau-
YeHHs] TeNJOOTHAYH.

Dddexr yBenuuenust TemyioOTAAYH IpH yAape OMMHOYHOH CTPYH
XKHMAKOCTH O CTEHKY BrepBble 00HADYXKEH @oprtre. Hamu rayboke-H
BCECTOPOHHE H3Y4YeH MEXaHH3M neiicrBus atoro sddexra mpum Mac
COBOM OpOILIEHHH TMOBEpXHOCTH HArpeBa TIpYNNOK coTies, NpW KOH-
BEKTHUBHOM TeEILJIoOOMeHe M KuIMEHHH XHIAKOCTH KakK Ha IJIOCKHX II0-
BEPXHOCTAIX, TaK M B Tpy6ax [2, 6, 71, 193, 194]. Mcnosbsosanue 3¢-
(bEKTa y,llapHO-Cpr%iHOﬁ rpynHOBOI’I reLepanun INATEH DPacTeKaHus B
IUIeHOUHBIX HcnmapuTensix [2, 6, 71,193, 194] mosBo/H/IO CylIeCTBEHHO
I/IHTeHCHq)HU,I/IPOBaTb TenJIOOTILaqy’ CHU3UTh OTJOXKEHHSA H Hakuneoo-
pasoBanue. CHHXKeHHEe HakuneoOPa30BaHHs JOCTHra/l0Ch 3a CHET pas-
MBIBAIOILLErO JeHCTBHSA CTPYI';I y JOCPEACTBOM INOAABJSAIOIIECH OTJI0XKE-
HHH Ppa3HOCTH 3JEKTPHYECKHX MOTeHIMaJ0B. Pa3HoCTb 3JIEKTpHueC-
KHX TIOTEHIHAaJOB CO3JaBajach MEXAY OPOCHTEIbHBIMH M Harpesa-
TeJbHbIMH TPY6K3MI/I. Hepeo60py)10BaHHe BBINIADHBIX YCTAHOBOK <<BI:.I-
raijia» B MOJIOYHOH NpoMbimjeHHOCTH 14 paboTel B yAapHO-CTPYH-
HOM pexHMe [3] H03BOJIHJI0 BABOE YBEJHUHTH HX TNIPOU3BOJUTE/b-
HOCTb M COKPATHTh OCTAHOBKH alllapaTOB MJis TPOMBIBKH, CBA3aHHLIC
¢ NpUropanueM MOJIOKA.

341476KT UHTEHCUBHO20 UChaAPEHUS JHCUOKOCTU 8 NOAOCTL KasepHbl
[6, 315, 316]. Hamm B pesyapTaTe IKCHEPHMEHTANBHBIX M TEOPETH-
YEeCKHX HCCJeIOBaHHH ycraHopaeH PPEKT HHTEHCHBHOTO HCIapeHHs
XKHJAKOCTH BO BHYTPEHHIOIO 1oJ10oCTh KaBEpHHI NMpPpH AOCTATOYHO HHTEH-
CHBHOM OTGOpe mapa U3 3Toi noJOCTH. [TapocseM ¢ KBaJApaTHOTO MerT-
pa mIoulafy cynepKaBepHH AOXOLHJI IO 800 xr/(m?-4) mapa mpu He-




[image: image46.png]Gosbuioil pasuoctu Temneparyp 6—12°C. Ha ocnose storo s¢dexra
Oplid  paspaboTaHsl ¥ CO3JAAaHE KOHCTPYKIHH CYHepKaBHTALHOHHBIX
HCapuTened H TenJT006MEeHHHKOB AJIsi CHCTEM <XKHIKOCThb—Ta3». Cy-
TepKaBHTAUHOHHbIe TeMIOOOMEHHAKH DPaboTaloT B peXUME BHIHYXK-
JeHHO# ra3oBOi KaBHTALMH, OCYIIECTBJASeMOH HyTeM BAyBa rasa B
KaBepHy, a HCIapUTeJIH — B pexHMe oTcoca mnapa. CoMHeHHs, KOTO-
pbie BHayaJie BO3HHKa/JH — HE HaCTYyIHUT JIH CXJONbIBaHHE CylepKa-
BEDHBl NIPH OTCOCe Napa, — 3KCIEPHMEHTAJbHO HEe MOLTBEPAHJHCE.
Jlaxe BechMa HHTEHCHBHBI# OTOOp Mapa He OKA3HBAJ OTPUUATENLHO-
ro BJMAHHS HAa YCTOHYMBOCTb KaBepH. MHTEHCHBHOCTb Mapo- W TEmJo-
chbeMa ¢ e[MHHIL TUIOHIAJH B CYNEPKABHTANMOHHOM HCIaPUTENIE HJIH
TenIo0OMEHHHKEe Ha IOPSIAOK MpeBblIaeT HHTEHCHBHOCTh MapochbeMa
B BecbMa 3(p(MEKTHBHBIX, ONHCAHHBIX Bblllle YIAPHO-CTPYHHHIX IJIEHOY-
HBIX anmnapaTax, B KOTODHIX, B CBOIO OY€pelb, YIEJbHHH NapoCheM
TIpeBBIIAET TAKOBOW B OOBLYHBIX IVIEHOYHRIX HCTApHTENsX B 3,5—5
pa3s. CosjgaHHBIN CyNepKaBHTALUMOHHEIH amnmapaT HMJIH HCHAapHTeab C
BEICOKHM TEILIOCheMOM pafoTaer €3 NMOBEDPXHOCTH Harpesa B PexH-
Me HenoCcpPEeXCTBEHHOTO KOHTAKTa TelJIOOOMEHHHX CPEell 1 B TO e Bpe-
MA He fABJsgeTcss allapaToM cMelleHHs. TakuM alnDapatoM H OKa-
3a5Cqd CyNepKaBHTANMOHHBIA anmnapar.

OTcyTcTBHe HOBEPXHOCTH HAarpeBa B CYNepKaBUTAIHOHHBEIX HCMHa-
PHTEIAX O0Kas3aJoCh TJaBHEIM  (akTopoM, 0OyCJOBIHMBAOIIUM HX
60sbIYI0 5(P(hEKTHBHOCTb: BBICOKHH MapocheM, HCKIIOYEHHE TEepMH-
YECKOIO COIPOTHBJCHUS CTEHKH, OTJOKEHHH coJiell- © Hakuneo6paso-
BaHHA, U3JEDKEK Ha PEMOHT IOBEPXHOCTH HarpeBa — BCe 3TO pe-
3yJIbTaT OTCYTCTBHSI CaMoil [OBePXHOCTH Harpera.

St10oT 30 (}eKT HHTEHCHBHOrO HCNapeHHs BO BHYTPEHHIOW IOJOCTh
kKaBepHBl OODBSCHAETCS PSAOM NpPHYHH (MAM YacTHBIX 3(QeKToB): y
TpaHHLBl KaBepHH CO3IAI0TCA «00paTHBIE» THAPOAMHAMHYECKHE U Tel-
JoBele cnou (puc. 1.7), Ha TpaHHIe ¢ KaBepHOA BO3HHKAaeT BOJHO0G-
pasoBaHHe NOBEPXHOCTH pasiena [25], rpannnma pasgena XHAKOH H
TlaporasoBo#t a3 B KaBepHE He SBJAETCH YETKOOUEDYEHHOH, a MpeA-
crasiasieT co6ofl 30HY HEOOJBUIOA TOJNUIMHBLI, COAEPKAMYIO ABYX- HJIH
namxe TpexPasHblil c10fi M3 METKOIHCHEDPCHBIX KaneJp TymaHooOpas-
HoO#l cpenpl 0oJbLIOH YyIEJBHOH IIOBEPXHOCTH M lNaporasa, UHDKYJIH-
pywIUi BIOMb KHAKOCTHOH rpaHunsl, MHHMH cl0OBaMH, Ha TpaHHIE
KaBepHBl NPOUCXOAMT TOHKOIUCIEPCHOe PACHBIEHHE MKHAKOCTH, a B
XBOCTOBOH YaCTH KABEPHBI MEPHOJUUECKH BO3HHKaeT M Hcyezaer o006-
paTtHas CTpyiKa XKHIKOCTH ~— JAPYro#l MCTOUHHK PACTBIJEHHS KHIKOH
tasel. KpoMe Ttoro, sdpdekr obbscHsercss mynbcaudaMu ofbeMa Ka-
BEPHH M NPOJOJbHBIMH OCEBBIMH MyJbCAaUHAMH JJHHBE, BO3HHKAIO-
MUM Ha TpaHdile KaBepHH [OIOJHUTEIbHO K KOHBEKTHBHOMY TEIJIO-
BOMY HOTOKY, BEI3EIBAEMOMY pPasHOCTBIO TEMNEPaTyp MEXKAY KHAKO-
CTBIO W TaporasoM, credaHOBHIM HNOTOKOM Temjia, oOOGYCJOBJCHHLIM
Pa3HOCTHIO MAPUHAJBHEIX NaBJeHHH napa; gedopMmaluel TeMmeparyp-
HOro IOJIsT HAa TpaHHIe pasjena KHIKOCTH M Ilaporasa, BeI3BaHHOK
CTOKOM TE€IJIa OT HCHapeHHs; MaccolepeHOocOoM Kallesb, OTPHBAIOLIHX-
csl ¢ TIOBEPXHOCTH KHUJKOCTH BHYTPH JABYX(a3HOro cJIOS H HCIapeHHeM




[image: image47.png]napa ¢ HX TIOBEDXHOCTH; BHI-
npsamaennofi aupdpysuefi u Te-
nJjonepepaqes.

Kak cBoeoOpasuuiii 3¢ Qext
MOXKHO OTMETHTb COBOKYITHOCTh
PEXHUMHBEIX (PAKTOPOB, HO3BOJIS-
IOIAX  YNPaBJASATh HHTEHCHB-
HOCTBIO BO3/I€HCTBHS T'HPOJAHA-
MHUYECKOH KaBRHTAaUUH B TEXHO-
JIOTHUECKHX NPOIleCcCax.

Ynpasaenue UHTEeHCUBHO-
CToI0 KYMYAATUBHBLX 8030eliCcT-
8uil TIPH HCIOJB30BAHUH THIPO-
JUHAMHYECKOH KaBHTAUMH JJIA
HHTeHCH(OUKALHH TEXHOJOrHYec-
KUx mpoueccoB. IsBecrHo, uTo
HHTEHCHBHOCTb  KYMYJISITHBHOTO
BO3JEHCTBYSA HA CPEAY TPH CXJO-
NHIBAHHH KaBHUTALHOHHOTO IHy-
3pIpbKa 3aBHCHT OT Traso- H
flapocojepxanus, CBOHCTB cpe-
Ob 4 Ko3pdHUHEHTA KYyMYas-
IIHH, KOTOPHIH B CBOK OYepeldb
olpefessieTcsl pasMepaMu CXJo-

=-(A+agradg, T rpanuya

Prnec.

1.7. BosuukHoBeHnne <«06paTHOro»
THAPOJHHAMHYECKOTO ¥ TEMJOBOFO MOTpa-
HHYHBIX CJIOEB Ha TpaHule pasgena a3
y NOBEPXHOCTH KABEpHEL:

/ — cTeHKa BHeHIHEro Temnnoob6mena; 2 -— TH-
APONHHAMHYECKHH M TEMJIOBOH norpaHuyHble
CJOH; 8 — rpaHHua MeXJAy KHAKOCTbIO H IIO-
JIOCTbIO KaBePHbl; 4 — <«0GpaTHHI» THAPOAMHA-
MHAYECKHH H TelJIOBOH NOrpaHM4YHbBIE CJOH; 5 —
TypGyJNeHTHOe SAPO HOTOKa; wW==w(Yy) — Npo-
¢uaL ckopocth B caosix 2 w 4, T=T(y) — npo-
¢uas TeMmneparyp; 41 H ¢y — TEMJOBble TNO-
TOKH c/oeB 2 H 4

TBIBAIOMIMXCS TNY3HPbKOB [25].
IIpn cxJONBIBAHHM KaBHTAIMOHHHIX MNY3bIPbKOB BO3HMKAIOT BHICOKHE
JIOK2JIbHBIE CKOPOCTH KYMYJSTHBHHIX CTPYH KM JOKa/bHbIE [aBjeHud,
CYIECTBEHHO HHTEHCH(HIHPYIOIIHe IpOLeCcCH H3MedbdeHus, ApobJe-
HHS, TOMOTCHH3AIHH, CMElleHHs (la)ke HecMeUWIHBaeMBIX He@Tenpo-
AYKTOB), aKTHBH3UDYIOIIHE JKHIKHe Cpelbl M YCKOpAWOLIHE TEMIO- H
maccoobMenHnle Tpouecch, IIpM yJbTpa3BYKOBOH KaBUTAUMH YHCJIO
KaBHTAUMOHHBIX TY3LIPHKOB OOYCAOBJIEHO YHUCJOM fJeDP KaBUTALUMH B
UAKOH cpele, KOJHUYECTBO KOTOPHIX 3aBHCHT OT CBOHCTB CpelHl H Xa-
pakTepa Tipolecca ¥ TIPAKTHYECKH He TNOAJARTCH  PEryJHpPOBAHHIO.
Mexny Tem KOJHYeCTBO 3apPOK/JAIOLIMXCS KAaBHTAUHOHHBIX Ny3bIPb-
KOB OKa3LIBAaeT CYIIECTBEHHOE BJHSHHEe Ha HMX pasMepH H, CJeIOBa-
TEJbHO. Ha HHTEHCUBHOCTb BO3JelcTBHst Ha cpeady. Ilpu runpoawna-
MHYECKOH KaBHUTAIHM WM CYNEePKABUTAUMM KABHTALMOHHEE HOY3bIPbKH
06pasyloTcs 3a cuer APOOAEHMs KaBepHB Wiau nepudepuiino-XBoCTO-
BOIl yacTH cymepKaBepHHl H MX KOJHYECTBO M pasdMephbl ONPeAessioTcs
PEXHMOM BeJEeHHSl KaBHTAUUH WU B3aHMOCBS3bI0 KaBHTALHOHHHX Ia-
PaMeTpoB, UTO TIO3BOJAET OCYIIECTBIATH YIPaBJEHHE HHTEHCHB-
HOCTBI) KYMYJSITHBHBIX BO3/ACHCTBHH Ha TEXHOJOTHYECKHE CpeJHl.
KaBHTanHOHHO-KYMYJSATHBHHIM BO3AEHCTBHAM IOABEPXKEH MaTepH-
an moGo#l mpouHocTH H TBepRocTH, OIHAKC €CIH TAaKOro Poja «Kecr-
KHE» PEeXUMBl HEOOXONHUME NpPH JpoOJeHHH TBEPAHX YaCTHI, HAMPH-
Mep, B HCCAEJOBAHHBIX HAMH IIPOLECCaX KABHTALHOHHOTO YIpPOYHe-
HUsl 6eTOHa HJIM U3MEJbUEHHS, TO 3HAYHTENbHO MeHee <«MKECTKHe» pe-




[image: image48.png]KHMBl TPEOYIOTCH TP HMHTCHCH(OHKAUHM pPEaKIHOHHBIX, TOMOFeHH3a-
IUOHHBIX H MacCOOOMEHHBIX IIPOIECCOB, B KOTODHIX <«MKECTKOCTb» Ka-
BHTALHOHHO-KYMYJISITHBHOIO BO3JeHCTBUS IOMKHA TOAGHDATECS B COOT-
BETCTBHH C XapaKTepOM TEXHOJOIHUYECKOro Npouecca, —Bo3HHKaeT He-
OCXOAMMOCTb YIPABJACHHS «KECTKOCTbIO» pexuMa. Takas BO3IMOXK-
HOCTb MOKeT OBITH peasiM30BaHa IIPH THAPOJMHAMHUYECKOH KaABHTALHH
C HCIIOJIb30BaHHeM CJIeNYIOIHX MEeXaHH3MOB B3aUMOMACHCTBHS PEKHM-
HBIX (AaKTOPOB Ipouecca. JKCIEPHMEHTAJbHO YCTAHOBJIEHO, YTO YHCJIO
Crpyxans Sh, cBsi3biBalollee MJIHHY KaBepHBl L, 4acTOTy ee MyJbca-
undl f; M CKOPOCTh OGTEKAHHS X0 KAaBHTATOPA Uw (Sh= (lifz)/vw),
0CTaercsl MPaKTHUYECCKH IOCTOSIHHBIM B Hpolecce 06pasoBaHHst Cylep-
KapepHbI, H3MEHAACh JHIIb B Heboapux npenenax (0,21—0,31). Us-
MEeHsIst CKOPOCTb OOTEKaHHs HJIH, BepHee, YHCJIO0 KABUTAUHH (6=2 (po—

—-px)/(pvzo)), yicao ®pyna no anamerpy Kasuraropa (Fr=—uv./Vgd,)
U crenedb sarpoMoxieHust d/D (raie D — BHyTpeHHMHE auamerp
yd4acTKa, B KOTODOM YCT@HOBJIEH KaBHTATOp d,), MOXHO YIpPaBJsTh
IUIHHOH KaBepHHI [, W BciaeacTBHe Toro uto Sh=const, ciefnosartens-
HO, H 4aCTOTOH ee NyJbCalH#, KOTOPOH B OCHOBHOM H OIPEIENsIOTCS
pasmephl npobJieHHs KaBHTAUMOHHBIX Ny3BIPbKOB. M3 mepeuncaeHHO
CBSI3H €CTECTBEHHBIX IapaMeTPOB NpoLecca MOXKHO YCTAHOBHTb YII-
paBasioilie BO3JCHCTBHS HA pa3Mepbl NY3bIPHKOB M HHTEHCHBHOCTb
KyMyJASUHH: P -— JABJCHHME JO KaBHTATOpa, p, — JNaBJeHHe BHYT-
pPH KaBepHH, Uw — CKOPOCTb ‘HaberaHust MOTOKAa XKHIKOCTH, d, —
AMaMerp KaBUTaTopa HAM di/D — cTeneHp 3arpoMoxkjieHus (nepeme-
LEHHeM KaBHTaTOpa B KaHaJse ImepeMeHHoro cevenust) [25, 315, 316].

KpoMe 3THX €CTeCTBEHHBIX NapaMeTPOB, OTKPHLIBAIOTCH BO3MOXK-
HOCTH [IJIs1 HPHHYIHTENBbHOTO YIPABJIEHHS IPOLECCOM: BHIHYKIECHHAS
KaBUTaUus BAYBaHHeM BO3JyXa HMJH rasa B KaBepHY (BJMSET Ha pas-
Mep KaBEpH M PEryJupyeT »KeCTKOCTb CXJIONBIBAHHS [1apOrasoBOro Iy-
3BIPbKA); H3MEHEHHE YaCTOTHl H aMIVIHTYAbl NpPOJLOJbHON BHOpaLUH
KaBHTATOpA; U3MEHeHHE YaCTOTH H- AMIVIMTYABl MYJbCAUHH OCHOBHOrO
MOTOKA, OOTEKAIOLIEr0 KaBHTATOD, H3MEHeHHe THAPOJHHAMHYECKHX
pPeXUMOB BpallAIHXCA CyNepKaBHTAUMOHHBIX pEIIeTOK; BIYBaHHE
XKHAKOCTH HAa KaBHTAaTOP HJH ee OTCOC. IDTH NPHEMBl NPHHYIHTENb-
HOrO YyNpaBJeHHS >KEeCTKOCTBIO BO3JAEHCTBHH B OJUHAKOBOH CTemeHH
NPHIOJIHBL AJS BCeX cnocob0B CO3JaHHA cynepKasepH: oO6TekaHHe CTa-
THYECKHX KaBHTATODOB, BPAllaONIMXCS CYNEpKaBHTALHOHHBIX pelie-
TOK, OCEBHIX M palHafbHBIX, paboTalUINX KaK B PEXHUME HAC0Ca, TaK
W B peXHME TYPOUHB, a TakKxe reHepauHs KaBepH BCTPEUHBIME
KHAKOCTHHIMH CTpysiMH (cTpyfika JI. M. Cenosa) w Baysom rasa B
KHAKOCTH (ras’oxHAKOCTHBIA 3ddexT). Ha ocHOBe mnepeunciaeHHBIX
napamMeTpoB M CHOCO60B YHpaBJIEHHS MOMKeT OblTh CO3JaHa Halex-
Hasi cHCTeMa aBTOMATH3alMH HOBOH TEXHOJOTHH — CYNepKaBHTA-
IHOHHO.

Teopernuecku ¢YHKIMS paclpefesieHHs] KaBHTALHOHHBIX NY3HIPb-
KOB MO pas3Mepam OIpefensinach HaMH NOoLOOHO TOMY, KaK pemanach
3ajava pacniafia CTPyH Ha ocHoBe ypasHeHuss Oppa—3ommepdennia
{37].

W3 pacemorpenns psxa 3ddexTos MOXKHO MPHHTH K BBHIBOAY O TOM,




[image: image49.png]4yTO0 HOBHE (u3uueckue PPeKTH MOrYyT YacTo BO3HHKAThb KaK HOBOE
coueTaHHe u3BecTHHIX 3¢dekroB. OcobeHHO OTYETIHBO TO BHIHO Ha
npuMepe yzapHo-cTpyfiHoro sddexra ucnapenus (3bdexkr Kpayc-
coabaa-+adderr PeiliHonbjca-+nyabcallMOHHNIH 3(deKT: cpHB IOrpa-
HHYHOrO cJ10s1). Jpyroi mpuMep — cynepKaBHTALHOHHBIH 3¢ dekT uc-
napendsi (06paTHBIH MOrpaHHYHBINA CJIOH + BOJHOOGpa3OBaHKE + PACIIH-
JIEHHE KHJIKOCTH-TyJbCaldd KaBepHBI+cTe@aHOB MOTOK H JAp.).
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