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KuiBcbkHii HALIOHAIbHKUH YHIBEPCUTET TEXHONOTIH | AN3AMHY

NPO BIUIUB MATHITHUAX MOJIB
HA NMATOMY TENNOTY BUNAPOBYBAHHA BOOU

[MouuHaroum 3 Apyroi nonoBMHU XX CTOMITTA NUTAHHAM BIUIMBY NOMIB,
CTBOPEHHMX CTAIUMH | €NCKTPHYHUMHU MarHiTamu, Ha BAacTUBOCTI BOAM | BOA-
HMX PO3YMHIB MPHUCBAYEHO 3HAYHY KiJILKICTL poliT, Hanpuknax [1-4]. bynu
ANOCATHYTI MEBHI pe3ysibTaTd B 00J1aCTi CYTTEBOrO BAOCKOHANEHHSI TEXHO-
JOTIYHMX NPOLIECIB ¥ Pi3HMX rajy3sX B YMOBAx 3aCTOCYBAHHS MarHiTHOi 00-
poOKH BOAM | BOAHMX PO3YMHIB: B €HEPreTHLUl — IHTeHCU(IKaLIA TENN000MiHY
32 PaxyHOK [PAKTHYHOI JiKBifallii HAKMNY Ha MOBEPXHI TEMAO0OMIHY; B
Nerkifi NpoOMMCIIOBOCTI — IHTEHCH(IKALiS NPOLECIB NPOMUBAHHA 00podneHux
TKAHHH 1 NIEPEHOCY PO3UMHEHUX PEUYOBHH Y HUX; B JKUTAOBO-KOMYHAIbHOMY
CEKTOpPi — NOKpALEHHA QYULLEHHS BOJM; B arpornpoMUCIOBOMY CEKTOPI — MO-
TUB POC/THH Ta IHTeHCUdiKaLis IXHbOrO POCTy Ta B 6araTbOx IHIIMX rany3sx.

3Ha4yHO Triplle CKIAAAINCh CHPaBU 3 TEOPETUYHUM OOIPYHTYBAHHAM
CKJIQAHOrO SIBMILA BIUIMBY MarHiTHUX MOJiB HA BAAaCTUBOCTI BOAM | PO3YMHIB.
B [5] Bnepiue Oyno BUCYHYTO rinmoTe3y Npo Te, L0 MEeXaHi3M BIUIMBY Mar-
HITHOIO MOJIA Ha BOAY OOYMOBJIEHWI MOro Ai€0 Ha CNUHM MPOTOHIB il MOjie-
KyJ. Afe 3a 4ac, o MUHYB MICJs NOABY LbOTO TEOPETHUYHOIO NPUNYLUEHHS,
NPAMOro eKCrNePpUMEHTANIbHOro MIATBEPMKEHHA HOro He Oyno otpuMaHo. Ak
HacNiZOK He OYNO MPHUAINEHO YBaru pi3HMLI Y BMUIMBI Ha BOAY MMOJIB CTAIMX
NMPUPOAHUX Ta €JIEKTPUUHHUX MArHITIB, i TEXHONOrI po3podasIuch AK 3 enekx-
TPUYHHUMMH, TaK i 3 NPUPOAHUMHU MarHiTaMu. Mixk THM 3 CaMOro TEOPETUYHOIO



BUCHOBKY TNPO MEXaHI3M BIUIHBY MArHiTHOIO NOJs Ha BOAY Yepes Ail0 Ha Cnu-
HYM MPOTOHIB 1i MOJIEKYN BUTIKA€E, 110 BEJMKE 3HAYEHHA A1 IHTEHCUBHOCTI
BMJIMBY MArHITHOTO MO/ HA BNAaCTHBOCTI BOAM, OKPIM Hamnpy>KeHOCTI Mo,
MOBUHHI MATH 4acTOTa | aMILTITYJa KOMMBAHHA MAarHiTHUX XBwib. Lle noJio-
KEHHSA 3HAXOAMTb SKICHE MIATBEPIXKEHHS B pe3yibTaTax AOCiAiB BIJMBY Ha
BOJY IOJIIB EJEKTPUUYHOIrO I MPUPOAHONO MArHiTiB, B AKMX MOKAa3aHo, LUO 3a
YMOB MpPUONIM3HO OAHAKOBUX HANPYXEHOCTEH N0/ 4ac AOCAIHEHHS ONTH-
MANbHUX pe3YJ/IbTATIB CTAHOBUTDL [JIs MOJIB NPUpOAHOro MarHity — 0,1 +0,5 ¢,
a N4 eNIeKTpOMardiTHOro nost — 30+60 xB. Binbil nepexkoHnuBo ue nono-
JKEHHs MIATBEPIDKEHO B OCTaHHiX poborax b.A.bapana [6,7], B akux noxaza-
HO, 1110, Mo-nepiue, 006podka Boau B nonsx HBY nabnuxaerbcs 3a CBOIMU pe-
3ynbTaTaMM A0 O0OpoOKM ii B nonsx MpUPOAHUX MArHiTiB, a, no-apyre, Ais
MarHiTHOro noJjs 3eMili Ha BOAY NOpiBHAHA 3 AI€l0 HA HeT €JIEKTPOMArHITHOIO
nojis 3BUYaWHMX 4acToT. Takum 4YHHOM, 3MIHM MApaMETPIiB MArHiTHOro mnons
3emili MOXXYTb CYTTEBO BIUIMBATU Ha pe3ySibTaTu 0OpoOKK BOAU B 110 €nek-
TPMYHOIO MAarHiTy, a 3 ypaxyBaHHSM CHMHYCOiJanbHOIN0 Xapakrepy BIUTMBY Ha
BOJAY HAaNpPY>KEHOCTI €JIEKTPOMArHiTHOrO NMoMf, MOXYTh HaBiThb MPHUBECTH A0
Bia’eMHOro pesynbtaty. LluM ¢akTOM MOXHA MOACHUTH HecTabinbHICTL pe-
3ynbTatTiB 00pOOKY BOAU B NONAX €1EKTPUUHMX MArHITIB.

MeTo10 po0iT, OCBITIEHUX Y JJAHOMY NMOBIAOMJIEHHI, 0YJI0 eKCNEPUMEH-
Ta/llbHe MiATBEPAXKEHHA HaBEAEHUX BHILE MOJOXKEHb i cnpoba BUABUTH Haii-
Oinbiu edekTHBHI i cTabinbHI MeTOAU OOPOOKKH BOAU B MarHiTHUX 1OSIX.

Jns ubOro BUKOPUCTOBYBAIOCH MOPIBHAHHA AAHUX AOCNIAXKEHb, BH-
KOHaHMX Npy OAHAKOBHUX MapaMeTpax BOAM Ta MAarHiTHHWX TOJiB none-
peaHiX pokiB i npoBeneHux y nepioa 12.2005 + 05.2006 pokis.

Bu3HaueHHs NUTOMHUX TEIUIOT BMMapyBaHHA BOJ, 1O HaBeAEHI B
Tabn. 1, npoBOAMNOCA 3a METOAOM eHeprorpam cyuiiHia [8] npu TeMnepa-
Typi 100 °C.

Tabauysa 1
_ EnexkTponposijiHicTb,
Bsipeub pH O™ -em™
JIncrunvoBana Boaa 7.5 10
M. €neub 7.7 500
M. Kuis 7.8 510

Ak BuaHO 3 Tabn. 1 pH pocnigikyeaHux 3pa3kiB NPAKTHYHO HE BiAPI3HA-
€TbCA, @ €NEKTPONPOBIAHICTb 3MIHIOETHCA B 3AMEXHOCTI Bl HaABHOCTI po3-

YHHEHUX Y BOAI CONEH.



JocnimKyBanuchb AK BUX1AHI BOAM, LLO HE MPOHILAN MarHiTHY o6pobky,
TaK i BOAM, WO Npoiluny odpodKy B nouii ctanux MarHiTiB (puc. | i puc. 2) i
eIEKTPOMarHiTHOMY nosni (puc. 3).
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Puc. 1. MarHiTHUH aKTHBATOP HAKAAIHOIO THITY

B nepuiiii cepii gocaiaiB BU3HAYaNUCh MUTOMI TEMAOTH BUNAPOBYBAHHA
BiNbHOT BoAW. PesynbTatud aocniaiB 3seaeHo B TabJi. 2 Mo BMUIMBY MarHiTHOU
00po0KM Ha BEJMYNHY MUTOMOI TEMJIOTH BUNAPOBYBAHHA BOAM Y BiJIbLHOMY
CTaHi.

Tabauys 2
Ilutoma Tennota | [TuroMa 1ennora BUNApOBYRaHHA OMarHiyenol
- BHMAapOBYBAaHHA BOaH, Miok/kr
P BUXIAHOI BO/H,
M bi/Kr Axtusarop | Axrusarop2 | Axtusatop 3
JlucruasoBana Boja 2,26 2,08 2,07 2.08
M. Cuiers 2,30 2,11 2.09
M. KniB 2,30 2,12 2,10
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Puc. 3. EnckrpoMaruiTha yCTaHOBKa



Tabauysn 2

[luroma temnora | [1uToMa T€ILI0Ta BHIIAPOBYBAHHA OMArHIu€HOI
Inaiti BHNAPOBYBalHA BOAH., MaxK/Kr
P BHX1AHOI BOAM,
M Jbi/Kr Axktusarop | AKTHBaTOp 2 AKTuBarop 3
JlucTHRsOBaHa BoaA 2,26 2.08 2.07
M. Crelb 2.30 2.11 2.09 2,08
M. KuiB 2,30 2,12 2.10

Ak BUAHO 3 TadA. 2, NTUTOMI TENAOTH BAUNAPOBYBAHHA B YCIX AOCAIAHHUX
3pasKax, siki npoiuniv obpodky B MonsgX MPUPOAHHUX | ENEKTPHYHHUX MArHi-
TiB npubin3HO HAa 8% MEHLLI, HK Y BUXIAHUX 3pa3Kax.

Y npyriid cepii A0CNIAIB 3HAXOAUNTUCL NMUTOMI TEMNOTH BHNApPOBYBAHHS
BOJIM 3 BOSIOrUX 3pa3kiB OABOBHAHUX TKaHHH.

Ha puc. 4 HaBeneHO KpuUBiI €Heprorpam CyuwiHHs 0aBOBHSHUX TKaHHH,
(110 3BOJIOKEHI HEOMarHIY€HOO Ta OMArHi4€HOK BOJOIO.
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1. 2. 3 — cylIiHHSA TKaHHMH, 3BOJIOXKEHUX HEOMArHIUEHOW BOJION);
1%, 2%, 3% — CcyIUiHHSA TKAHUH, 3BOJ0KEHHUX BOAOK), OMArHiy€HOIO B M0Jli MPHPOAHNX
MArHITIB;
12, 2%, 1%, 2° - cywinns TKaHUH, 3BOJIOKCHHX BOJI0I0, OMArHiYeHOIO B ENEKTPOMArHiTHil
YCTaHOBLI.

Puc. 4. Eneprorpamu cyluky 6aBOBHAHOT TKaHUHHK, NPOCOYEHOT BOAOK).



PesynbTaTu 3B¢a6H1 | Taba. 3.

Tabauya 3
[Muroma rennora [uroma Tennora BUNApOBYBAHHA
3pasok — TKaHHHA, BHNAPOBYBAHHA OMarHiveHoi Boau, Mmi/kr
NPOCOUEHA BOAOKO RUXLINOrBOAM, OmarmiucHa B OmarHiyenia B ¢NCKTpO-
M [bi/kr aKTHBATOPI MAaruiTHii YCTaHOBUI

JlucrunboBaHa Boga 2,26 2,11 (-7%) 2,11 (-7%). 2,42 (+7%)
M. €ieub 2,24 2,10 (—6%) 2.11 (=6%): 2.40 (+7%)
M. Knin 2.26 2.10 (-7%)

BukoHaHHii KOMIINIEKC AOCHIKEHb A03BOJISE 3pOOUTH TaKi BUCHOBKH:

. OOpobka BinbHOI BOAM 3 PI3HOK NOYATKOBOKD KOPCTKICTIO B HEOO-
MEKEHOMY MpPOCTOpI i B MaKponopax MaTepiajiiB B NOJAX NPAPOAHUX MarHi-
TIB NPU3BOAUTE 1O CTabiJIbHOrO 3HUXEHHA NMUTOMOI TEIIOTH NapOyTBOpPEH-
Ha 10 8+10% 3 OAHOYACHMM 3POCTAHHAM MOBEPXHEBOrO HATACY BOAM i
TEMNY KaniJIApHOro NPOCOYEHHS.

2. OO6poOka BiNlbHOT BOAK y HEOOMEXEHOMY NPOCTOpi i B Makponopax
MaTepiafiB B IONFX €J1E€KTPOMArHiTa Npy 4acToTax eNeKTPHUHOroO CTPYMY A0
50 'y nokasana HecTabinbHICTh BMAKUBY TaKOTO BHAY O0OpOOKH Ha MUTOMY
TEIUIOTY [apOyTBOPEHHS (Alana3’oH KOJKWBaHb CTAHOBUTH 15+ 16%). TodTo
Takui metoa 06pobku noTpedye noaanblIOro 4OONpaLKBaHHA.

3. Ha nanuii MOMEHT 3a NpOCTOTOK KOHCTPYKUIMHHX pillieHb Ta CTa-
OUMBHICTIO pe3yabTaTiB HalbiNbI MEPCNeKTHBHUM € METO 00pOOKM BOAM B
NoJi NPUPOJHHUX MArHITIB.
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Kuiscbkuit HauioHanbHuit yHiBepcuter

OyniBHUUTBA | apXITEKTYpPH

[HcTuTYT TeXHIUHOT Ternodiznku HAH Ykpaivu

EKCNEPUMEHTANBbHE QOCIIMXEHHA NAPOAUHAMIKA
NEPEIPITONO NOTOKY PIAVUHU B rNAPABNIYHO MAAQKUX
WINMTUMHHUX MIKPOKAHAJIAX

XapakTepHOIO 03HAKOIO aaladaTHOro neperpiToro 0AHO(Ma3HOro NOTOKY
piavuHu Big 0AHO(A3HOrO NOTOKY PLAMHHU KW 3HAXOAUTLCA AANEKO BIJ CTa-
HY HACHYEHHA o, << fy € MOMUJIMBICTb IHTEHCHMBHOI0 (ha30BOro nepexony
(CKMNaHHA) NPU HE3HAYHIK 3MiHI YMOB Teuii (Hanpukiaa npyu NOAONAHHI Mi-
CLEBOro onopy). 3riiHo iICHYOUUM naHuM [1-3] HepiBHOBaXkHiCTb aniabart-
HOTO MEeperpiToro MOTOKY PiAMHH MOHOTOHHO 30UIbLUYETHLCA NO NOBXHHI
KaHany 3i 3HHXKEHHAM TUCKY B HbOMY. [1pH LbOMY, O Mipl 3HHKEHHS THCKY,
B NMOTOLI MOXNMBA peani3allis BCIX ICHYHOUHX pexHMIB ABOX(a3HOI Teuli.
CTocoBHO A0 aniabaTHUX MeTacTabilbHHX MMOTOKIB PO3pO0JIEHO HACTYMHY
eBOIIOLII0 X CTpYkTYpu [2]. B noyarkoBiii cTaall po3BUTKY 3aKMNar04oro
MOTOKY BMHMKAE NMYy3UPUYMKOBA CTPYKTYpa. [To Mipi 3011blIEHHS NapoOBMICTY
MOTOKY POCTE PO3Mip MY3UPUHUKIB Ta My3UPKOBHIA pexxHM Teuil BUUEpnye ce-
Oe, npd 1UbOMY 3HaYEeHHsS XapakTepucTU4HOI ¢yHKUiT napoBoi ¢a3u AOpiB-
HI0€ B, = 0,524. CymapHa noBepxHeBa €HEPrisi CTUMHUX My3UPUHKIB OisibLIA
3a NOBEPXHEBY €HEPril0 OAHOrO arJiOMEPOBAHOIO 3 HUX My3Ups, L€ NPHU3BO-
AUTb 10 TIPOLIECY 3NIUTTA MAapoBUX YTBOpeHb. [loaansiue napoyTBopeHts Oy-
e NPU3BOAMTH A0 POCTY pO3Mipy ny3upst B MO3A0BXKHbOMY Hanpsami, To0To
Ny3UPKOBHI peXXHM Tedil 3MIHIOETHCA CHApAAHUM ab0 CHApAAHO-MIHHWM.
[Tpy pyliHyBaHHi piIKUX MAIBOK Ta MEPEMMYOK MiXK HUMH BiAOYBa€ThCA 1H-
Bepcis (a3 Ta BUHUKAE NapoKpanjeBuii pexxuM BUTIKaHHA. BiaMiyeHo BHMa-
IIKH, KOJIH HEPIBHOBAXHICTh ()a3 MOHOTOHHO 30iNbLIYETECA MO Mipi HaOAK-
)XEHHA MOTOKY A0 BHXiAHOTO mepepizy Ta AocArac HaWOIbLLIOro 3HaYE€HHS B
BUXiZHOMY Tepepi3i, iHIUIMMH CIOBaMH, ajiiabaTHe CKMMNaHHA MOTOKY BiAOy-
BacThca Oe3nocepelHbO Ha BUXOAI 3 KaHany.

[MonepenHiii aHani3 eBoOLIl CTPYKTYpHY aaiabaTHO CKMNal4oro noTo-
Ky PilMHH B ILIIMHHUX MiKpOKaHaiax TOBIWHUHOW 63+170 MKM, BHUKOHaHWH
3riHO METOAMKHM NOAaHiii B MoHorpadii [2], BUABHB MOXJIMBICTb peanisaLii
B HbOMY BCiX ABOX(a3HMX CTPYKTYp. B AKOCTI BHXiAHHX JaHMX posrasna-
NUCh AK MiHIMATBHO MOXKIIMBI PO3MipU NapoBux 3apoakiB Ro=(0,5+3,0) - -10°°
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M, TaK i po3Mipy NapoOBUX 3apOAKIB A/ NOTOKY, B AKOMY MPUCYTHI pPO34M-
HeHl rasu Ry = 36,0 107 M. 3 iHworo OoKy, CMIBMIPHICTb JIIHIHHUX PO3MIpIB
MapoOBHX 3apOAKIB 3 PO3MIpaMU LUJIMHHHUX MIKpPOKaHaliB MOXE€ NPU3BECTH
A0 YCKNaaHeHHs (a3oBOro nepexoay o AOBXKUHI KaHaly Ta peaiizauii iH-
TEHCHMBHOIO a11adaTHOrO CKMIIAHHA pIAMHK HA BUXOAI 3 Hboro. [1pu usomy,
npouec BUTIKAHHA Oyae OnuU3bKUM [0 Teuii MeTacTabijibHOro NOToKy uepes
KOpPOTKI TpyOKM Ta niagparmMu 3 BMNApPOBYBaHHAM B AAPi CTPYMWHH, SKe
MPU3BOAUTHME 0 ioro apocentoBaHHs [3]. [1pu Takiii Mmoaeni tevil BTpaTu
THCKY B ILITMHHOMY MIKpPOKaHajli MOXKYTb PO3MISAATUCh K aJlMTHUBHA BeIlu-
YMHA, KA CKNAJA€ThCs 3 ULISXOBUX BTPAT OOYMOBNEHWUX BHYTPILLHIM Tep-
TAM B 0AHO(asHOMY noToul (Apqp) Ta BTPAT NpH (pa3oBomy nepexoai B BUXI-
AHOMY nepepisi MikpokaHaiy (Apg,).

Mera poOOTH noJifsrasa B €KCNepuMEeHTaNbHOMY BHUBYEHHI ajiadaTHol
TEYii MeperpiToro NOTOKY PLAMHK B TAPABAIYHO MAAKUX LULIMHHHUX MIKpPO-
KaHasax Ta nepeBipll MOXNMBOCTI CKMIIAHHS PIAMHU MO IX JOBXUHI NpH
YMOBI BiIbHOrO BUTOKY B 00’eM 3 atmMochepHuM THCKOM. OO’ €KTOM 10C:lI-
JUKEHHA BUCTYNaNH ILUIHHHI MiKpoKaHanHu ToBLUMHOIO 63+170 mkMm. Ilpea-
METOM JOCHIPKEHHS — MAPOAMHAMIYHI XapaKTEPUCTHKH TEPErpiToro noTo-
KY PIAMHY B 3a1€2KHOCTI BiA BETMYUHHU MACOBO1 BUTPATH CEPEAOBHULLA.

Memoouka excnepumenmaibio2o 00CAIONCeHHA

ExcnepumedTalbHe AOCHIIKEHHS TiApOAVMHaMIKKM aaiabaTHoro mnepe-
rpITOrO NOTOKY PilMHY B LWITMHHWX MiKpOoKaHalax BUKOHYBaNnoCh Ha CTEHA],
OCHOBHIi €leMEHTH SKOTO BiZiMOBiAANN NO3ULIAM, NOAAHUM B poboTi [4].

JlocnimkyBanuch KOHLIEHTPUYHI riapaBaiuHO IaaKi KinbUeBI MiKpOKa-
Hany WUpHHOW 63, 170 MkM. TennoodmiH 3 30BHILHLOT NOBEPXHI podoUOl
JANAHKY BUKTIOYABCA TEMNOI30MALIEI0 OCTAHHBOL WAPOM a30€cTOBOro LUHY-
pa LUATI-1 (TOCT 1779-83) (A = 0,08 + 0,00017 £, B/(m °C), & = 0.025 m).
[lepenan THcKy B poOOUMiA NiSHUI BU3HA4YaBCs ABOMA LISXaMM: a) AK pi3-
HULA BiANiKiB 3pa3KOBUX MPYXMHHUX MAHOMETPIB BCTAHOBIEHUX HA BXOAI
Ta BUXoJAi B MikpokaHan; 6) audepenuiinum manomerpom JT 150. Ina 3a-
noGiraHHa HaAXOMKEHHIO A0 AMEPEHUIHHOrO MaHOMETPY HAaCHYEHO! NapH,
IMOYJIbCHI MaricTpajii cnojlyyanuchb 3 NpuianoM uepes rpebiHku, miaxmo-
yeHHs A0 rpebiHOK 34IHCHIOBAIOCH B X BEPXHiH YacTuHi [5]). BUMiptoBanHs
arMocGepHoro THCKY (p;) BHKOHYBAOCh YalLKOBUM PTYTHHM 6apoMeTpoM.

B skocTi pobouoi piaMHM BUKOPUCTOBYBANACh BOJA BOAONpPOBIAHA [6],
AOCHIJKEHHS  MPOBOAMJIUCL B  AianasoHI  MacOBMX  WBUAKOCTEH

pue (9,29*[02;1,43*104). Temneparypa piilMHU Ha BXOAI B KaHaJl 3MIHIOBa-

2* 11



nach B fianasosi ¢ € [100; 150)°C. PisHuus MiX HAJUIMIIKOBHM THCKOM Ha

BUXO/1 3 MiKpOoKaHaly Ta aTMOC(epHHM TUCKOM He nepeBuiLyBana 4400 [Ma.
BkasaHi a0conOTHI BeIMYWHM BiANOBiAaNM HACTYNHWM Jiana3oHaMm yucel

Peivonnica Ta Eiinepa - Ree (3,58-10%1,24-10%), Eue (0,90;52,78)

(Re=(puX)/u, EuzApn/(puz), ne X — XapakTEepHWi NiHIHHLEA posMip,
SKMH J0pIBHIOBAB €KBiBAJICHTHOMY AiaMeTpy KaHany). [eoMeTpuuHi po3mi-
pu MIKpOKaHanis noaaloTbcs B Tabnuui 1. MeTtoau BUMIpIOBaHHS THUCKIB.
TeMneparyp Ta BATPATH BIAMOBiAANM onucaHum B poboTi [4]. 3 Bciel cykyn-
HOCTI €KCNEPUMEHTANBHUX JAHMX BUAINAIMCH BUNAAKH B AKUX CTYNiHb Me-
perpiBy aniabaTtHOro noToky, oOyMoBJieHa BTPaTOK THCKY B MiKpOKaHari,
ctaHoBuna 3+8 °C.

Tabauysn |
XapaKkTepucTHKH KilbLEBUX MiIKpPOKaHANIB
: -3

Ne | Wnpuna, | Josxuna, — ﬂlauimP, I.O = :

nwn| 8. 10%m | L, 107 » | BHYTPIWHIA, | 30BHILIHIA, | €KBIBANCHT., dv/d, L/d
d, d; d.

Kananu rizpasniyHo rnajiki
l 63 20 14,934 15,060 0,126 0,992 158.7
2 b) 14,7
3 10 294
2 170 T 14,720 15,060 0,340 0,977 4.1
b 20 58,8

[lonepeans obpobxa pesynbraTiB €KCNEPUMEHTANBHOIO AOCHIIKEHHS
nonsrana B noOyaoBi rpagiuHux 3ajiexHocTel nepenany TUCKY Bia MacoBoi
BUTpaATH B MikpokaHani, G-Ap. [NpeacTtaBneHHs AOCHIIHHX BENMYHMH B abco-
NHOTHOMY BUIMIAAI HE AO3BOAMIIO BUSABUTH €AMHOI KOPENALIIFHOT 3a1eXHOCTI,
wo o0yMOBUNO nojanblumii nepexia ao 6e3po3mipHux koopauHat Re-Eu.
®i3MyHi BAACTUBOCTI PIAMHM MpM nepexoni Ao 6e3po3MipHUX KOMILIEKCIB
npuiManuce Npy NOYaTKOBUX YMOBAX Ha BXOAl MOTOKY B MikpokaHal. Pigu-
Ha npviimManach HbIOTOHIBCbKOIO Ta OAHOpiAHOw. IlapameTpu ii ctaHy Ha
KPHMBIA HACHYEHHS OAHO3HAYHO BU3HAYAIMCH 3HAYEHHAMH TUCKY B3AOBXK
POTOYHOIO TPAKTY BUTiIKaHHA. TeMmneparypa napu npuiimanach piBHOIO Te-
MMepaTypi HaCHYEHHA NpY BUMIPIHOMY THCKY MOTOKY, a 3MiHa il cTaHy nia-
NopsAKOBYBalach 3aKOHaM ieanbHOro rasy. @i3u4Hi BNaCTUBOCTI piAMHHU Ta
BOASHOI Napu npuiimManuch 3 podotu [6]. [lodynosa 6e3po3MipHHX BENHYHUH
B JorapudmiyHiii cucteMi koopauHat L/(ReX) — Eu po3Bosuna OLIHUTH
BIUIMB CKMNAHHS NEPErpiToro noToKy piAMHW Ha NaniHHA THCKY B MiKpoka-
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Hasli, 3a BEIMYMHOK BIJXW/JIEHHS NMOBHUX BTPAT TUCKY BiJl KPHUBOI, OJ€pKa-
HOT ANs 0OAHO(A3HOro 130TepMiYHOro NOToKy piavHM. ['padiuHi 3anexHOCTI
BKa3aJ¥ Ha AKICHY BIAMIHHICTb pe3yJbTaTiB, ojepaHuX Ans meracTtadib-
HUX MOTOKIB. BUKOpUCTaHa KOOpAMHATHA CHCTEMA HE A03BOJIMIIA OJlepXKATH
€JIMHO1 Y3araJibHIOI04Ol 3aIEXKHOCTI, gka O Xxapakrepu3yBaja 3011bLUEHHSA
nepeniany TMCKY B CUCTEMI NPHU HasiBHOCTI (ha3oBOro nepexony.

[loaanbia 06pobka nondrana B po3aiieHHi MOBHUX BTPAT THCKY B CHC-
TeMI Ha BTPaTH OAHO(]A3ZHOro MOTOKY PiAMHHU B MiKpOKaHasi Ta BTpaTH 00y-
MOBNEHOT (pa3oBUM mnepexoaom. Ak mokasanu pesysbTatd 0Opodku, Ans Ka-
HaNiB OJHIET LUMPHUHY Ta PI3HOT JOBXHMHHW EKCIIEPUMEHTANbHI TOYKH YTBO-
PIOIOTb €IMHY CYKYINHICTb, ika MOXe OYTH alpOKCMMOBaHa CTENEHEBOK
¢yHkuiero. Ilpuiimaioud 10 yBaru, WO oAep)KaHa BEJWYKUHA BTPATH TUCKY
0bymoBJieHa (Pa3oBUM NEPEXOAOM BIAPI3HAETHCA BiA il 3HAYEHHA NPU BXOJI
B MIKpOKaHaj Ha MOpPSAOK, OCTAaHHbOIO BEIMUHMHOIO HEXTyBalW. BHokpem-
NEHHS 3 MOBHOIO nepenany TUCKY BENMYMHH, IKa XapaKTepuU3ye CKUIMAHHA
NOTOKY, Ta 1l NpeACTaBAeHHs AK QyHKUII BiJ BEJIMYUHU, OOEPHEHO mponop-
uidHii uucny PeliHonbaca, 10O3BONMNO OAEpXKATH €AMHY rpadiuHy 3aiex-
HICTh Y3arajbHIOKUY pe3y/ibTaTU NPOBEACHOrN0 AOCHIKEHHA. Y3arajbHIo-
QUM MaTeMaTHYHMI BUpa3 MaB BUIAL:

Eu=48 +ARe™,

| Re X
ne 48L/ (Re X ) — NI0JAHOK, KWl XapakTepu3y€e BTpaTU TUCKY Ha TepTs MNMpH

oaHo(azHoMy pyci pianHu; ARe™" — N04aHOK, AKUI XapaKkTepU3ye BTpaTy
THCKY Ha NPUCKOPEHHS MOTOKY PiAMHHU MpH ii pa3oBOMY nepexoai.

JOoCTOBIpHICTL 3p0BJEHUX BUCHOBKIB, BIiJHOCHO MEXaHI3My Teuil nepe-
rpiTOr0 MNOTOKY PIAMHM B LUITMHHUX MIKpOKaHanax, nepesipanach 3 BUKOPH-
CTaHHAM METOJAUKH, CYTb AKOI MOJiAraja B HacTynHoMy. ExcnepuMeHTalbHO
OJlepXKaHi 3HAY€HHA NOBHUX BTPAT THCKY (Ap,) B MiKpOokaHanax mpH pyci
aZiadaTHOro NeperpiToro NOTOKY PiAMHK MPEACTaBAAINCH K CyMa LLJIAXO-
BUX BTpaT Ta TepTs (Apn,py) Ta MicLEBHX BTpaT 00yMOB/IEHMX (Pa3oBUM nepe-
X040M (Apg). BinHiMaHHAM Bl MOYaTKOBOrO THCKY Ha BXOAI B MiKpOKaHan
BEJIMUMHHW ULIAXOBHX BTPAT HAa TEPTA BU3HA4alachb BEJMYMHA TUCKY Ha BU-
X0/l 3 MiKpOKaHany nepej ApoceatoBaHHAM (p,). 3 iHwWoro 60Ky, BTpaTu TH-
cky npu ¢azoBomy nepexoai (Ap,) BU3HAYANHCh 3 BUKOPHCTAHHAM MOZEN
HepiBHOBaXxxHOI Teuii [3]. Tak, MacoBa WBHAKICTb NpU ApocentoBaHHl (G,)
BH3HAYaNach 3a1E€XKHICTIO:

Gy =C.[2p,p(1-7,)]"2, (1)
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ae C, — KoePILIEHT CTUCHEHHS, 3ANKHICTD (2); p, — NOYATKOBUH THCK B OJ1-
HO(A3HOMY [OTOUI lepel ApocentoBaHHaM, [1a; p — rycTuHa piauHu, BU3Ha-
YAETHCS ANA NOYATKOBUX NAPAMETPIB MOTOKY, Kr/M"; ¥, — BLAHOCHHH THCK
MPU ApPOCENIOBaHHI, 3aneXHICTb (3).

Koediuient crucHenus (C.) AN HECTHCIUBOrO MOTOKY BU3HAuaBCs 3a-
NEeMHICTIO

c;==kL6390-cY’2+4J“h (2)

Jie¢ G — NOoBepXHEeBUN HATAr piauHd, H/M, Npy noyaTkOBUX napamerpax no-
TOKY.
BiaHOCHHH TUCK NP APOCENIOBaHHI BU3HAYABCA BUPA3OM:

A€ Py — TUCK MICHA ApocenioBaHHa NOToKY, Ila.
[CHYC 3B 430K MIXK TUCKOM Michs APOCeNtoBaHHs MOTOKY Ta TUCKOM Ha-
CHYEHHS B NapOBii NOPOKHUHI (Dyac):

20

Puac = Po +"'"}'é'a (4)

ae R — paalyc napoBoi NOPOXXHUHH, M.
Kingeman ta Yelnc, BUKOPUCTOBYIOUM TOUYHI AaHI NMPO [OBEPXHEBUM
HaTAT, OTPUMaJM HACTYNHY 3a7€XHICTb [3]:

_ Prac o)
ry=Prac(y_g260/ | :
= Lo [ GR) 5)

Ae Gp — noBepxHeBuid Hatar npu Tucky 1,2 MIla.
INpu nadnnxenHi R—1- 10 M, noaaHoK 26/R << p,, TOMy piBHAHHS (4)
MOXe OYTH NpeacTaBNSHO Y BUMIIAI

Puac = Do - (6)
BTpaty TUCKY NpH APOCENOBaHHI BU3HAYANHNCH PiBHAHHAM
Ap:p =Pu—Do - (7)

BukopucToBylouu nopaHi sanexHocTi (1)+7) MeToaom iTepauiid po3pa-
XOBYBaNHUCb BENNUUHM (Gy), (APmp), (Apg). B norapudmiuniii G, — p, cucre-
Mi KOOpJAMHaT OyayBajach €KCMEPUMEHTaNbHA KOpeNsLis TUCKY NMOTOKY Ie-
peln ApocenioBaHHAM (p,) BiJi MacoBOT IUBHAKOCTI Tpu ApocentoBaHHl (Gy).
[Mopsn, OyayBanach KpuBa, sika po3paxoByBallach 3a 3anexxHoCcTAMH (1)~(7),
Ta NpejacTaBisna cobow Kopensuio oaepxkaHy KinpemanoM Tta Yehncom
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[Py AOCHIAAEHHI BUTIKAHHA MeTacTabUIBHMX MOTOKIB 3 OTBOPIiB Ta KOPOT-
KMX Hacaiakig [3]. 3a pesyabraTamy NOpiBHAHHA POOUBCS BUCHOBOK BiHOC-
HO BIPHOCTI NPUAHATOrO MEXaHI3MY PYXY Ta BUTIKAHHSA MOTOKY piAvHM, Ta
MOMKIHBOCTI 1104A/bLLIOT0 BUKOPUCTAHHS Pe3y/bTaTiB JOC/iDKEHD.

Pesyabmami eKCREPUMEHMATbIUX O0C/IIONHCEHD

Ha puc. 1 noaatotoca rpagiyHi 3ajJ€KHOCTI MOBHUX BTPAT TUCKY B Me-
pErpiTOMY TIOTOLl PIAMHM A1 MIKPOKaHaiiB 3 Pi3HUMMU TeOMETPUUHHUMHU
po3mipamu. Jnd KaHanis 0JJHaKOBOI LUIUPUHHM €KCMEPUMEHTAlbHI AaHi YTBO-
PIOKOTb €AMHI CYKYMTHOCTI TOYOK, L0 AO3BONAE 3pOOUTH BUCHOBOK BiJIHOCHO
MasIoro BIUIMBY JOBKWHH KiJILIEBOro MiKpokaHany L Ha 3araibHy BETHYHHY
nepenagy Tucky. 3 IHWOro OOKY, CIOCTEPIracTbCs 3HAYHE BiAXWUIECHHSA Jia-
HUX, OJEpXaHUX AJIA KaHaliB PI3HOI WWKMPUHH, Ap,, TUM Olablile, YUM MEHLlA
LIMPHHA KINbUEBOrO MIKpOKaHany. He3HauHa 3aexHICTL MORHOrO repenany
TUCKY Bl BENMYMHU MAcOBOI BUTPATHU NMOTOKY NPHU PIZHOMY CTYMEHK HOro
neperpiBy o0yMoBAlOBajlaCb OCHOBHMM BIUJIMBOM Ha HOro 3Ha4YCHHs BTpar
npu ¢azoBOMy MEPEXOAi B NeperpiTomy NOToKy piaAnHU. I'lpu UBOMY, B CHY

APy

= _----._--—.--.-.: ------------- :--.....r.--*--.:--J.--:.-t----------_--.: ........ : ...... :.-.-’---}-.J-.l..:.-
:\ . L] ] L] " ¥ ] ; ] [ ] . [ 1 -
TOF Toa bssovessosusse HA A NS U . S -—— AR S-S S
L] ] L] ] ] ] ] (] . [ (] L] L]
-------------- AT res e rmrr s s s ss e s engue sapesqeageseah s s s s rs s s s r s r s s e rcr s s s s r s r AT e s s s g s s s as g e s e
[] [ ] ] . ] ] v @ ] ] [] ] ] (] ] .
" ' . ] [ | ' ] ' ' "
.............. {.....-............'..--J'.-_...._-_'-..1--'--..------.-..-..*.........-........--E.---..--:--..-..-q
[} L] L} ] ) ) ) [] ] L] [ [} . ) .
1 L] L] (] ) ] LA T - [] L] [ ] (] (] ) [] "
“q= ey - -1= AR S ey y--eeemesmapemspesgm-p ==
] [ ] L] ] » L] L] ] L L ] » ] ] [ ] 1 L]
' . [ 1 . ] [ [ : ] " . 1 ] . ] ]
1 . ' [
e ccccsacscasannesa i -------- : ...... :...._i,_-.:l.--.:_-.'--'--. .............. .E. ........ e {""l’"'l’"!"l’"""
' 1 ' ' . ' [ ' » . ' ' t o
' v . ' ’ ' oo, ' . . ' ' ’ "B
] » L] ] L] ] 1 L] 4 L] L] L] 1 . r ] L}
.............. N R e —— ] L. J.—l..‘--ro conesm -l - L S -J----L---L--l--l.-.l-r
' . . 1 ' ] ] 1 » [ ' . ' [
: ' S t Pwe 2 : : S I
] [ . ' « @ L ] O v » » i . i M i
'] L] . 1
: K : : : TR ERl
B o e vl ] T I S - ey e L | PR ST TR SN :---:---:--l
(]
. ‘ ‘ P e ‘ : ' ¢ & t @ =
] 0 [ v 4 ] ' [ ' » ' . .
[ [ [ . @ ’ [ [ [ ] ] (] '
L] ' ' L " 1] | ] ' [ ’ 1
] ' | T ' ' ' ] ' ] "
' ] ' ' " g ’ ' ' ] ' ' . '
L} [} (] ] L] s L] ] (] L] ' ] ] ']
' ' ' I poe : ‘ ' A T S
] ' . ’
P . L] [l [ ] ] ' . ] ] ’ .
1 -roll»..o-.a.v----o-orocanfnco:-lt.nbo'oo'htl-?ocllltooconv.ocoo.I-'bhcstbo--:nnodl--?oo:o-r-
[ ] ]
i g Freesspecsyessysomeuenacpae festasssssssmseqsemm==== Feeemmm == e R -
[ ] L] L] r L] ] L] ] " ] ] L] ] L] L] ]
---------------------- ~.---.-...-.'ﬁ-".-‘--'--'--.--------------'--------..---Iq---.'ﬁ-.'--.--,-*--
| ] [ ] (] 1] L] L] ] L] ] L] L] [} L] ] L]
i e e s i heaaaa hecosdusasboadesdas n..z. ................................ Bemabaedeedeobe—
L] [ ] ] L] L] L] L} L] ] L) ] L] L] 1]
3 . ] ' . ] ] [ | ] ] . [ .
Do i i o g e e T e Wremesqespapa e g R ey T
(] L] ] ] [ ] ] ] ] [ L] ] L] (] L] ] (]
L] L] " ] L ] ] L] ] [ L] L] L] L] L] L] L} J
.............. e e e et e P LT PR PR RS T R
[ ] L ] ] ] ] L] 1 ] ] 1 [ ] 1] [ ] ] [ ] "
' . ' ' . ' [ '
3 L. { LRI TP W (P 0, SO——— 2 L
........................... S LLE L BT - - - .
] [} ] ] [} ] 1 [ " , — '
, : Vol Mg s 63 MM, L=20 MM ,
' ’ ] 1 ’ ' o, !
- : Lo son s the Uiy o -
b e e A== Fm——— F===qe=egpeeqe=y sdecsnss ¢
« 0 a " — [
: : ¢ 4o V4o A s 170w, L=20 MM !
' » 1 ] ' . 4 [
' ' ’ R I '
] [} ’ [ [ »
om0 L e *...I....l..*..'..s ........ - -:--
i " —
. ; A + 170 aom, L=10mmMm
(] . L] . L]
] : : : . ] . ® ]
] (] L] L] L] L ] . . :
' ’ ] ' " . v g .
— ¥
: : P4l o 63 poxni, L= 10 M :
: : H ' - ' ' ' ' ' . :
[ ]
] ' ] . ' . . s * . 1 ' ] » ' [
O 1 A " i 1 1 M T 1 L 1 1 i L8 1
L} |

0.001 001 G, Kr/c

Puc. |. 3anexHicTb NOBHUX BTPAT TUCKY Bi MAcOBOi BUTPAaTH B CUCTEMI
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3HAUHOl BIAMIHHOCT. TYCTHHHM (pa3, HE3HAYHUI neperpiB notoky, B 3...5 °C,
MPU3BOAMTL JO Pi3KOro 30UIblIEHHS ICTUHHOMO MacoBOINO MAapoOBMICTY, NicCis
YOro, OCHOBHMH BKJaJ B BEJIUYMHY NOBHUX BTPAT TUCKY BM3HAYAETbCH Came
HAsABHICTIO MapoBOi a3k NOTOKY. B posrasHyTOMY Aiana3oHi MaCOBUX BUTpAT
[OTOKY BIIJTUB MAPOBMICTY Ha BEUYMHY NOBHUX BTPAT THCKY NPOSBAABCS THM
MeHIle, YUM OiNBIIHA Mikpokanan po3rnsaascs. [1poTe, po3misnyTi rpadivHi
3QJIEXHOCTI HE A03BO/M/IK 3pOOMTH BUCHOBOK BiJHOCHO Xapakrepy Tedii nepe-
IPITOrO MOTOKY B MiKpoKaHani. Ha HacTYNHOMY PUCYHKY NOBHiI BTPaTH THUCKY
B CMCTEMI NMOAaHI B 6€3po3MipHUX KoOpAMHaTax (puc. 2). Anpokcumalis cy-
KYMHOCTEH EKCNMEPUMEHTAIBHHX TOYOK CTElEHEBUMM BUpa3aMH AO03BOJIMIIA
BCTAHOBHTH, LU0 MOKa3HUK CTYNEHIO NMpH 4ucili Pelinonbaca nocTitivnii, Ta
popisHioe n = —-2,740,1. Mixk oaepaHMMKU PIBHAHHAMM CIIOCTEpIranoch He-
BEJIMKE BIAXWJIEHHS, HA BENTHYUHY NOCTIHHOIO KoediuieHTy npu uuchni PeliHo-

AbAca, TaK 414 KaHany WHpUHOK 63 MM — Eu =30 1010 Re 28 , B KaHany
WHpHUHOKO 170 MKM — Eu=5,4- 10° Re™%5.

Ell .'.'I.'.'..'.".'.l'.'.:.'.'..'.'.f.'."..'.".'II'.'.f.:'.:.'.'.f.'.:.'.'.:.'.:.'.'.:.'.:.'.'.f.'.'..'.'.:..'.'..'.'.:.'.'.?:'.T.:.'.'.I.'E:.'.'.Z.'..::.'-'.T.'E.I.‘.‘.-:.--.'.
............................... RNRNRNIIRN, NSRRRIRUEN UNNSEVE | WIS NS SOER. W
10 _:I-:..-.-:-.-t:-.-:-.-.. :-.-:-.-..:-.-:-.-.- -‘-;-. .-- -066- ‘-.-:-..::-‘--.;-.-: :-I-:--‘--.. .. *®* e :- ; LA N N N .: ..... .- -e b ... - e -E. - e
e o 63 MM, L= 20 MM
[T 4 170 Mk, L= 20 mM
g g ¢ 170 MxM. L =10 MM
: o 63 MM, L =10 MM
l i ; L - | 1 L = 8
1000
Re

Puc. 2. Y3aranbHeHHs pe3ysbTaTiB A0CNIIKEHHA LI MiKpOKaHaiB
PI3HOI LWHIUPHHH

[Mopanblwie NOPIBHAHHA pE3YALTATIB JOCHIAXKEHb MPOBOAMIIOCH B
L/(ReX)-Eu cucremi koopauHar. Ha puc.3 npeacraBieHO CYKYNHOCTI
EKCNEPHUMEHTANbHMX TOYOK, AKi BKA3aiM HA AKICHY BIAMIHHICTb OAEpXaHUX
pe3ynbTaTiB BTPAT TUCKY B METACTabilbHUX NOTOKAX MO BIAHOLIEHHIO 10 Te-
4ii 0AHO(Aa3HOrO I30TEPMIYHOIO NOTOKY PIAMHM.
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