TeMIepaTyp IO TMONepeyHOMy TMepepizy Kopryca kpyra. [[[o6 BH3HAUUMTH IIi YMOBH
MIPOBOJMIIOCS] MaTeMaTHYHE MOJICIIOBAHHS TEIUIOBUX IMPOLECIB, IO MPOTIKAIOTh B TOHKIN
IUIACTUHI Tpu 1l HarpiBaHHI JIa3epPHUM BHUIIPOMIHIOBAaHHEM 3 pI3HUM PO3MOALIOM
iHTeHcuBHOCTI. [lpu piBHOMIpHOMY po3noaiti (100 % iHTEHCMBHOCTI pO3MOALUICHI MO BCiif
IUIONMHI TONEPEYHOTo Mepepi3y MPOMEHs) 30Ha HarpiBy, IO OOMEXEHa H30TEPMOIO 3
(bikCcOBaHOIO TEMIIEPATypOl0, MAa€ HEPIBHOMIPHY IIUPHUHY NO TOBIIMHI MJACTUHU B PI3HUX
nepepizax (koHiuHy dopmy). [Ipu omHakoBUX ymMoOBax 0OpoOKH (IIBHAKOCTI MEPEMIllICHHS,
naiamerpi 30HHM (OKYCYBaHHS, MOTYXHOCTI BHIIPOMIHIOBAHHS), aji¢ HEPIBHOMIPHOMY
pO3MOJUTI  MOTY)KHOCTI JIa3epHOTO BUIIPOMIiHIOBaHHS 10 30HI (okycyBanus (100%
IHTEHCUBHOCTI Y (GpOHTI 1 0 G0KaM 30HU QokycyBaHHs Ta 25% - B 1ieHTpi 1 1% - B XBOCTOBIMH
YaCTHHI), 130TEpMH 3MIHAIOTH CBOIO KOH(]Irypamiro i OTPHUMYIOTh, 3aMICTh TPUKYTHOT,
npsAMOKYTHY hopmy ( OJJTHAKOBY IIUPUHY 30HH HArpiBaHHS , K 3 OJIHI€ET, TaK 13 MPOTHISKHOT
croponn). lle cBimYMTH TOMY, IO YHPABISIIOYH PO3MOJIUIOM MOTYKHOCTI Ja3epHOIr0
BUIIPOMIHIOBaHHA Yy 30HI (OKYCyBaHHA 1 peKUMaMU OIPOMIHIOBaHHS, MOXHA
[UIECHPSAMOBAHO 1 €()EKTUBHO 3MIHIOBATH KOHQIrypalilo 130TepM TEMIIEPAaTypHOTO MO B
TOHKUX TIUIACTMHAX, (OPMYBAaTH pPIBHOMIPHUN pO3MOJUT PO3TATYIOUMX 3aJIUIIKOBUX
HaNpyXeHb 1 KepyBaTH iX BEIUMYMHOIO. Y CYKYIMHOCTI HaBeleHI CIOcOOM IT03BOJSIOTH SIK
MIHIMYM B 2 pa3H MiJBUIIUTH KOPCTKICTh METAJICBUX KOPITYCIB, a 3HAUYUTH 1 IPOAYKTUBHICTD
BiZIPI3HUX a0pa3WBHUX IHCTPYMEHTIB.

YK 621.
Bumnesceka [JI., marictpanT, ['onoBko JI. @., 1.T.H., mpod.

PO3POBKA MPOLECY JUCTAHIIMHOIO, IOKAJIBHOI'O, PET'YJIIOEMOI'O
3A BEJIMYUHOIO 1 I'NIMBUHOIO ITOJIOKEHHA MAKCUMYMA
TEMIIEPATYPU JIABEPHOI'O HATPIBY CEPEJJOBUIIl OPTAHIYHOI'O
IMOXOKEHHA I BIAITIOBIIHOI'O OBJIA/ITHAHHA

JlokanpHUii HarpiB TKAHMHU OPraHIYHOTO MMOXOJKEHHS MPECTaBIIsE€ 3HAUHUH 1HTEpec
JUIs  pI3HUX o0yacTel TexHiKH, OIOTEeXHOJOrl, MEeIUIMHM, BeTepUHapil. MOXIUBO
3[IICHIOBATH HArpiB SIK MOBEPXHEBUX IIapiB OI0TKaHMHM, TaK 1 pi3HUX 00’eMHUX (OpM, L0
3HAXOJAThCS Ha BiJICTaH1 Bl MOBEPXHI, PEryjliol04M PiBeHb TeMIIepaTypu 1 MOJOXKEHHS ii
MakCUMyMIiB 1o riuOuHi. JlazepHe BHUIPOMIHIOBAHHS Ma€ MOMKJIHMBICTH OE3KOHTAKTHOTO
JI030BAHOTO BBEJICHHA EHEprii y JoKalbHI o0nacTi 00’€KTiB, IO MPUHIUIIOBO JO3BOJISE
BUPILIMTH BUILEBKa3aHy 3aja4dy. [IuTaHHs, MOB’s13aH1 3 BUBYCHHSM IPOIIECY BUIIAPOBYBAaHH,
¢doroalbmanii 6I0TKAaHMHH 3a JOIIOMOTOIO Ja3epHOI0 BUIIPOMIHIOBAHHS PO3TJISIHYTI y 0aratbox
HAYKOBUX MpalsX, ajie II0J0 MeXaHi3MIB Timeprepmii — oOMexeHa KiIbKICTh 1H(opmarlii,
HEJIOCTaTHS JJIS AOCHIPKEHHS IpoIieciB rinepTepMii 6iocepeoBHUIL, a TUM Nadye KepyBaHHAM
HUMH. Lle 0OyMOBIEHO BENMKOIO KUIBKICTIO MPUITYLIECHb MPU MOJAETIOBaHHI, BIACYTHICTIO
HEOOXITHUX EKCIEePUMEHTAIbHUX JaHMX IIOJO0 HPOCTOPOBO — YaCOBOi XapaKTEPHUCTUKU
TEIUIOBOIO JpKepena Ta iHme. Y 3B’A3Ky 3 LIMM METOI0 poOOTH € po3podka mporuecy i
obnamHaHHA i1 Oe3omepaliifHOro, JIUCTaHLIMHOrO HarpiBy OIOTKaHUH JIA3€PHUM
BUIIPOMIHIOBaHHSAM, IO PETYJIIOETbCS IO BEIWYMHI Ta TJIMOMHI TOJIOXKEHHS MaKCHMyMa
TEMIIepaTypu 1 TPAHCIIOPTYETHCA MO CBITJIIOBOJY.

OCHOBHUMH 3a/lauaMU JIa3epHOI rinepTepMmii €:

-HarpiB y mexax 3agaHoro iHTepBaldy TeMIepaTyp 1 Yacy, BU3HAUE€HOTo 00’eMy
OilocepeIoBHINa, PO3TANIOBAHOTO SIK OE€3MOCepPEeTHBO il OTPOMIHIOBAHOIO MOBEPXHEIO, TaK 1
OCECUMETPUYHOr0, OOMEKEHOr0 KPYroBUM alo0 eIINTUYHUM IMJIIHAPOM, B TOMY YHCII
HEMoBHUM, ceporo abo miBcdeporo Ta iH..
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-3a0e3nevyeHHsT MOXKJIMBOCTI OTPUMAHHS PEryJIbOBAaHOTO PO3MOJILUTYy 1HTEHCHBHOCTI
TeMIepaTyp MO TIUOMHI HarpiBy, 3a yMOB SIKOTO TPaHMYHMMHU OYyAyTh BHIAJKH, KOJU Ha
MOBEpPXHI, IO OIMPOMIHIOETHCS MaKCHMajbHa TeMmIepaTrypa, a Ha 3aJaHii rmmOuHi -
MiHIMaJbHA 1 HABIaKH.

[Tpo6nemu peanizaiii rinepTepmii:

-BcranoBieHHs1 3aKOHOMIPHOCTEH PO3MOBCIO/DKEHHS JIA3EPHOTO BUIPOMIHIOBAHHS B
010TKaHMHI 1, 32 PaxyHOK IbOTO, MiABUILEHHS TOYHOCTI MaTEeMAaTW4YHOI MOJEJi IMpOLECIB
HarpiBy.

-CTBOpeHHs Cmoco0iB KepyBaHHS pO3IMOJIUIOM TeMIeparyp IO TIJIMOWHI HarpiBy
010TKaHMHHU 1 pO3PaXyHOK BiMOBIIHOTO TEXHOJIOTIYHOTO 00JIaHAHHS.

Amnainiz ¢i3u4HUX TpoleciB y OI0OTKaHWHAX IMPH JIa3epHOMY HArpiBi, y TOMY YHCHI i
IpOIIECiB MOIIMHAHHS, J03BOJIUB OLIHUTHU OOJACTh E€HEPreTHMYHHX IapaMeTpiB J1a3epHOro
BIUIMBY 1 OOIpPyHTYBaTh BHOIp ONTUMAJbHOI AJs MIMOMHHOI TimepTepMii TOBXHUHU XBHIII
nmazepHoro BumpomiHioBaHHS 1,06 MkM. 3a Jg0omoMoror  KOMII'FOTEpHOI  MoOAeni
JOCII/DKYBaBCs BIUIMB Pi3HUX (DAaKTOPIB HA PO3IMOALT TeMIepaTyp B O10JIOTTYHUX TKaHWHAX,
o mipsirany onpomineHHio Nd:Y AG nasepa. OuiHioBaBCst BILTHB KOS(II[IEHTIB MOTIIMHAHHS
1 KoeirieHTiB po3citoBaHHsI. OTpUMaHi 3aJI€KHOCTI MOKa3yl0Th HACKUIBKUA BaXKIMBO 3HATU
peanbHi 3HAUYEHHS IUX KOE(IIi€HTIB, OCKUIBKM TEIUIOBUH CTaH OIOTKAaHMHM JyXKE CHIIBHO
3aJ€KUTh BiJ TOYHOCTI BHM3HAUEHHS 1 ONTHYHUX [apaMeTpiB, 3HAYEHHS OCTaHHIX 1
3aKOHOMIPHOCTI iX 3MIHEHHS JOLUIBHO JOCIIKYBAaTH OUTBII ETaJbHO €KCIIEPUMEHTAIIBHO.
ExcrniepumeHTa bH1 TOCTIKEHHS MPOBOIMIIMCS Ha CIEIiaJbHOMY CTEHJ, 310paHOoMYy Ha 0a3i
TBepAoTUIbHOTO Jazepa Ha YAG 3 Nd tuny JITH102, psay cnenianbHUX TPUCTPOIB IS
BBEJICHHS JIa3epHOIO BUIIPOMIHIOBAaHHS Y KBaploBHH cBiTinoBog niamerpoM 0,8 mMm i
arTikaTopiB. Pe3ynpTaTu HOCHIKEHHS MOKas3ald, II0 Ul NMPOrpiBy IMJIIHAPUYHOI 00nacTi
OioTkaHuHU JiameTpoM 4 MM 1 noxuHoro 20 MM Ha rmOuHi 10 1 cM g0 Temmeparypu
rineprepmii 37- 43°C, nocraTHs noTyxHicTh BunpoMiHioBaHHs 20 — 40 BT 1 HaBiTh MeHIe
npu Outeirii excro3uuii. CrarioHapHUN TEIUIOBHIA CTaH JocsAraeThes npu notyxHocti 40 Bt
nicns yacy omnpomineHHs 8 — 10 c. IIpu npomy XapakTep po3MOJUICHHS TeMIEpaTypu He
3MIHIOETbCSA, MaKCHMYM pO3TAILlIOBYETHCS Ha MOBEPXHI 1 IUIABHO craja€ 3i 30UIbILIEHHSAM
rmubunu. Take po3moAiIeHHS TeMIepaTypu He 3aBkaud JouinsHe. [lpu  minBomi
BUIIPOMIHIOBaHHA [0 O00JIacTi HarpiBy MO CyJAMHAM, s 3anoOiraHHs MOIIKOKEHHS
CJIM30BOi, HEOOXiAHO 1100 Ha MOBEpXHI TeMmeparypa Oyja HEBElIMKa, a MakCHUMajbHa — B
rbuHl. J{ng 1pOoro JOLIBHO PO3IJISHYTH JIBa CHOCOOM: JIOCTaTHBO €(EeKTUBHOTO
PO3MOAUICHHS IHTEHCUBHOCTI BUIIPOMIHIOBaHHS HAa ONPOMIHIOBaHY MOBEPXHIO 1 IPUMYCOBOTO
il OXOJIO/DKEHHS TIOTOKOM OXOJIOJDKYBAJIBHOT PIAMHU. 3arajlbHUM HEJO0JIIKOM LIHUX CIOCOOIB €
T€, 110 BOHU HE JIO3BOJISAIOTH 3MIHMTH IOJIO)KEHHS MAaKCUMyMYy TEMIIEpaTypd HarpiBy B
3aJISKHOCTI BiJl TTIMOUHMU.

JIns yCYHEHHS IIbOTO HEIOIIKY 6Y/NO po3po6IeHo opHriHambHumii croci6. Moro cyTs
HOJISITaE 'y TOMY, IIO Ha IOBEPXHIO OIOJOTIYHOTO CEPEOBHUINA HAIPABIAETHCA 30DLKHMNA
Ja3epHUil my4ok. B moBepxHeBoMy mIapi 3A1MCHIOETHCS 1Ba MPOLIECH: 30UIbILIEHHS IILTBHOCTI
HNOTY)KHOCTI BHUIIPOMIHIOBAaHHS 10 Mipi NPOHUKHEHHS B CEpENOBMIIE 1 3HM)KEHHS HOro
IHTEHCUBHOCTI 32 PaxyHOK IOTJIMHAHHSA 1 po3citoBaHHs. Kepyroun 3akoHaMu 3MIHH IIUTBHOCTI
HOTYXKHOCTI, TOOTO 3MIHIOIOUM KyT 30DKHOCTI IyyKa, MOXKHA OTPUMATH ii MakKCHMalbHE
3HAYEeHHs, a 3HAUYUTh MAaKCHUMaJbHE 3HAUYEHHS TEMIIepaTypyd Ha pPI3HUX BUICTAHAX BiJ
MOBEPXHI.

Jns 3abe3neyeHHs TaKoro XapakTepy Ja3epHOro BIUIUBY 3aCTOCOBYBAIMCH JEKUIbKa
BapiaHTIB KOHCTPYKUiM arutikaropiB. JlaHi, oTpuMaHi B pe3yiabTaTi TEOPETUKO —
eKCHEepUMEHTAIbHUX JOCITI/DKEHb 1 3allpOMOHOBaH1 Ha iX 0a3l amiikaTtopu, CTald OCHOBOIO
PO3pOOKH J1a3epHOi CUCTEMH JUIs rinepTepMii 610J10rYHOT TKAHMHM, PO3TALIOBAHOT BCEPEIUH1
opranismy. Bona Bwminiye mazep (YAG :Nd) 3 cucremoro kepyBaHHS 1 BUMIPIOBaHHS
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napaMeTpiB My4yKa; BY30JI BBOJY BUIIPOMIHIOBaHHS y CBITJIOBOJ; CBITJIOBOJ 3 arlIiIKaTOPOM,;
CHCTEMY M0/adi 1 BiIBOAY OXOJOUKYBAJIBHOI pIAMHU 1 KoMII'toTep. OCHOBHOIO TPOOIEMOI0
OyB mpoiiec BBOJY C(OKYCOBAHOTO JIa3epHOrO IydKa B CBITJIOBOJ, OCKUIBKM HalMEHIIIE
BIIXWJICHHS TPOMEHS BiJ OCI CBITJIOBOJA, BUKIMKAIO O TMOIIKOIHKEHHS WOTO TOPIIS,
HeOOXiHICTh MoipoBKH. [luTaHHs OyJa0 BHPIMIEHO NUIIXOM pO3POOKH CIEIiabHOTO
JaTyrKa y BUTISAL «miadparmMu — tepmonapu» , oTBip sikoro Ha 10% MeHine HDK giaMeTp
CBITJIOBOJA. [HIIMM BIAMOBITHUM BY3JIOM CHUCTEMHU € CBITJIOBOJHA T'OJIOBKA 3 CyMaTOpOM —
PO3AUIBHUKOM CBITJIOBOJHOTO KaHAy 1 KaHAJy MoJadi 0XOJIOIKYBaIbHOI PIAMHYU, LIAHTOBUI
3aTUCKA4 — MEPexXiTHUK (ikcarii i 3MiHM 3aXUCHOI 00O0JIOHKH, aIlUTIKaTop, BUKOHAHI K OJHE
nute. Ha 6a31 BUKOHaHUX po3poOoK Oyla BUKOpUCTaHA 1 BUNPOOYBaHa BIAMOBIAHA Ja3epHa
YCTaHOBKa.

Takum YUHOM MO’HA 3pOOUTH HACTYITHI BUCHOBKHU:

-JlazepHe BuIpoMiHIOBaHHS 3 JOBXMHOKO xBWIiI 1,06 MKM J03BOJIsiE BUKOHYBAaTH
KepoBaHUU HarpiB pi3HUX o00’eMiB OionoriyHMX TKaHWH B mgianasoni 37 — 60°C,
pO3TaIIOBAaHUX K HA MOBEPXHi, Tak 1 Ha TuOuHI Big 0 1o 15-30 mm.

-OcHoBHMMHU (haKTOpaMu 1 MapaMeTpaMH MPOLECY Ja3epPHOTO HArpiBy OpraHIYHUX
CepEe/IOBUILl € JOBXKMHA XBWJI, PEKUM OINPOMIHEHHS, MOTYXKHICTb 1 ii HpPOCTOpOBE
PO3MOALTICHHS HA ONIPOMIHEHIH MOBEPXHi, KyT 301KHOCTI My4Ka, IJIoMIa MIAMH (OKYCYBaHHS,
yac ONPOMIHEHHs, OMNTHYHI XapaKTepUCTHUKU CEpelOBMINA, TeMIepaTypa 1 BHTpara
0XOJIOJUKYBAJIBHOT PiIMHHU.

-BcranoBiieHi 3akoHM 3MIHEHHS IHTEHCHUBHOCTI BHM MPOMIHIOBAHHS BCEpEIUHI
010JIOTTYHUX TKAHUH.

-IIpotiec mornuHaHHS 1 pO3CIIOBAaHHS BU3HAYAETHCS BUTIISAAOM 1 OYZ0BOIO OPraHIdHOTO
cepeoBHUIIIA.

-MakcumanpHa TemIeparypa HarpiBy O10JIOTIYHOTO CEpelOBHINA 3aEKHUTh Bij
IIUTBHOCTI €Heprii, KoeilieHTIB MOTITMHAHHS 1 PO3CIFOBaHHS.

-TemnepaTypa HarpiBy OpraHidyHUX CEpeJOBHUIL HETIHIHHO 3pOCTa€ 3 IMiJBUILEHHSIM
NOTY)KHOCTI BUIPOMIHIOBaHHS, 110 OOYMOBJIEHO 3HIDKCHHSIM 3HAueHHs KoedillieHTa
MOTJIMHAHHS 31 3pOCTaHHAM TeMIepaTypu.

-I'mubuny nporpiBy 610JIOTTYHOI TKAaHWHU MOKHA PEryJIIOBAaTH, 3MIHIOIOYHM JIH3H
¢doxycyBaHHs 3 pI3HUMHU (POKYCHHUMHM BiZICTAaHSAMHU.

V]IK 621.375.826
Hypniuskuii . cryn.; Kimourukos FO.B. x.¢d.-m.H., go1r.; JIyrait A.M. cT. BUKIL.
IOHHO-IU®Y3IMHE HACHYEHHS CTAJIEN

[Ipoecn 1OHHOTO HACHYEHHS BHUKOHYIOTBCS Ha YCTAaTKyBaHHI, IO ICTOTHO
BIIPI3HAETHCS O KOHCTPYKII B Medel, BUKOPUCTOBYBAHUX JUISL TPaJHLINHOI XIMIKO-
TepMIYHOT 0OpOOKH. Y 3arajibHOMY BHIIAJKY CHCTEMa I0HHOTO HAaCHUYEHHS MpPEeACTaBisie c00010
BaKyyMHY KaMmepy, B €JEKTPHYHOMY IUIaHI peaji3ylody JBOEJEKTPOJHY CXeMY: KaTod —
eNIEKTPO/I 3 ACTAISMU; PYIUil eIeKTpo1 (aHOI) — 3a3eMIICHUI KOpITyC BakyyMHOI kKamepu. J{is
IPOBEJICHHS MIPOLIECY I0HHOTO HACUUEHHS Y BAaKyyMHY KaMepy I0JIa€ThCs JIETYIOUni Marepial
(ememeHT a0 XiMi4Ha CIIONyKa) B ra3onogioHoMy (mapornoaioHOMY) cTaHi, a 10 AeTaneil npu-
kinanaetbest HeratuBHUiT moreHmian — (300-1000 B). IlosepxHs pertanmi GoMOapayeThest
MO3UTHUBHUMH 10HaMH JIETYIOUOTO €IEMEHTY 3 Ta30pO3psAHOI IUIa3MH, IO J03BOJISE 3HAUYHO
CKOPOTUTH TPUBAIICTh MpPOLECY HACUUEHHS MOBepxHi. Tak, Hampukiaja, OpuU IOHHOMY
a30TyBaHHI IIBUAKICTH OOPOOKH B MOPIBHAHHI 31 LIBUAKICTIO IPU 3BUYANHINA XIMIKO-TEPMIUHIH
00po01i 3pocTae B 2-5 paziB 3a paxyHOK NMPUCKOPEHHS TUQY3IHUX MPOLECIB 1 3MEHIICHHS
KUIBKOCTI MiJJrOTOBYMX OIEpalliil, 3HIKYETbCS TeMIIEpaTypa HarpiBy JAeTaliei, € MOXIUBICTh
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