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I. 4. KOCTHOK, O. 1. T'PUIOP

CPABHEHUE TEMIIEPATYPHBIX PEXHMOB B 30HE JA3EPHOW ®EMTOCEKYHJHOM
OBPABOTKU TBEPJOI'O CIIJIABA BOJIKAP ITPU NCIIOJIb30BAHUU TEIVIOPUZNYECKUX U
TEPMOMEXAHUYECKUX XAPAKTEPUCTHUK, CTOXACTHYECKHX 3HAUEHUM,
MNPOCYUTAHHBIX KBAHTOBO-MEXAHUYECKUM METOJ0OM

ITpoBeneHbl cpaBHEHUE TEMIIEPaTyp U CKOPOCTH HAapacTaHUs TEMIIEPATYD, MOTyYCHHBIX IIPH MCIIOIb30BAaHUH TEINIOPU3NIECKIX 1 TSPMOMEXAHNIE CKIX
XapaKTePUCTUK, KAK CTOXaCTUYECKUX 3HAYEHMH, TaK U MOJy4EHHbIX KBAHTOBO-MEXaHUUECKUM METOJIOM.
Pe3ysbraTel CpaBHEHMs I110Ka3ajd, YTO IIPH UCIOJIb30BAHUU KBAHTOBO-MEXAaHMYECKOrO METO/A IIOJIyYEHHbIE 3HAUEHUs TEeMIIEpaTyp M CKOpocTei
HapacTaHHs TEMIICPATYp HECKOJILKO Ooyiee BBICOKHE, YeM IPH HCIONB30BAHUM CTOXACTUYECKHX 3HAYCHHH. DTO TpeOyeT MCCIIeOBaHUs HE TOJBKO
BIIMSTHUS 3TUX CIIOCOOOB 3a1aHKs Ha TEMITEPATypy, HO M CaMOe BaXKHOE Ha 00’bEM KJIACTEPa, KOTOPBII MbI JIOJDKHBI IPOBECTH B JAJIbHEHIIIEM, JUJIsl OLEHKU
aJIeKBaTHOCTH TOT'O WJIM HHOTO METO/a 3aJaHus TeIUI0()H3NIECKIX U TEPMOMEXAaHN YECKUX XapAKTEPUCTHK.

Knrwouesvie cnosa: Texuonoriuti napamerpu Jiazepa, GeMTOCEKYHIHUM Ja3ep, TBepauil cruia «BonKapy, pixydnii IHCTpyMEHT, HAHOCTPYKTYPHI
mapH.

I. I. KOCTIOK, O. /1. TPUT OP

MOPIBHSIHHSI TEMIIEPATYPHUX PEJKUMIB Y 30HI JIASEPHOI ®EMTOCEKYH/IHOI OBPOBKH
TBEPJAOI'O CIIVIABA BOJIKAP IIIIT YAC BHKOPUCTAHHA TEIVIO®IBUYHUX 1
TEPMOMEXAHIYHUX XAPAKTEPUCTHUK, CTOXACTHYHUX 3HAYEHb, IMPOPAXYBAHHUX
KBAHTOBO-MEXAHIYHUM METOJIOM

Ha 0CHOBI TEOPETHYHOr0 JOCTIIKECHHS BIUTUBY TEXHOJIOTIYHUX MapaMeTpiB (eMTOCEKYHIHOr o ja3epa (LIiIbHICTh TEIIOBOrO MOTOKY, Yac [IpoBeneHo
TMOPIBHSHHSA TEMIIEPATyp i IBUIKOCTI HAPOCTAHHS TEMIEPATyp, OTPUMAHKX MPU BUKOPHCTaHHI TEMIOpi3NYHUX | TePMOMEXaHIYHNX XapaKTePH CTHK, K
CTOXaCTUYHHUX 3HAYCHb, TaK i OTPUMAaHUX KBAaHTOBO MEXaHIYHUM METO/I0M.
Pe3ynbTaT MOPIiBHAHHS MMOKA3aJiM, IO IPU BUKOPHCTaHHI KBAHTOBO MEXaHIYHOTO METO/ly OTPHMaHi 3HAYEHHS TEMIepaTyp i INBUIKOCTEH HapOCTaHHS
TEeMIepaTyp [0 BUIL, HDK IPY BUKOPUCTAHHI CTOXaCTHYHMX 3HaueHb. lle BUMarae DOCIIPKEHHS HE TUIBKM BIUIMBY IIMX CHOCOOIB 3aBJAaHHS Ha
TEeMIEpaTypy, ajie 1 HalBaXKJIMBIillIe, HAa 00CAT KilacTepa KU MU TOBUHHI IPOBECTH B MOAAJIBLIOMY, JUISl OLIHKH HOr0 TOr0 YM iHIIOI0 METOJLY 3aBIaHHs
TerI0(pi3UYHUX 1 TEPMOMEXAHIUHUX XapPAKTEPUCTUK.

Kntouosi cnoea: TexHOJIOTIUHI TapaMeTpu Jaszepa, PeMTOCEKyHAHUM Ja3ep, TBepaui cruias «BoaKapy, pixydiil iHCTpyMEHT, HAHOCTPYKTYpHI
mIapu.

G. KOSTYUK, O. GRIGOR

COMPARISON OF TEMPERATURE REGIMES IN THE ZONE OF LASER FEMTOSECOND
PROCESSING OF A VOLCAR SOLID ALLOY WHEN USING THERMOPHYSICAL AND
THERMOMECHANICAL CHARACTERISTICS, STOCHASTIC MEANS OF READ QUANTUM
MECHANICAL METHODS

Comparison of the temperatures and the rate of temperature increase obtained using thermophysical and thermomechanical characteristics, both
stochastic values and quantum mechanical methods, are compared.
The results of the comparison showed that using the quantum mechanical method, the obtained values of temperatures and rates of temperature increase
are somewhat higher than when using stochastic values. This requires research not only on the effect of these methods of setting on temperature, but,
most importantly, on the volume of the cluster that we must carry out in the future, to assess the adequacy of this or that method of specifying
thermophysical and thermomechanical characteristics.

Key words: technologic parameters of the laser, femtosecond laser, hard alloy "VolKar", radio tool, nanostructured balls.

Beenenue. B Hacrosiee Bpemsi, K COXaJIECHUIO, HET
a/JIeKBaTHOW MOJENM TIOMY4YEHUS] HAHOCTPYKTYp IIpU
JNeHCTBUM  (PEMTOCEKYHIHBIX  JIa3€pOB, XOTSI W
9KCTIEPUMEHTAIbHO OBUTH IONYyYeHBl HAaHOpa3MEpHbIE
3epHa Ha pa3HbIX MaTepHajax.

IIpumenenue HMHTErpajibHbIX 3HA4YEHUI
TEMIO(U3NIECKUX U TEPMOMEXAHNUECKIX XapPaKTEPUCTHK
OOBIYHO  Ja€T  XOpOIIEE  COMJIaCHe  PEe3yIbTaTOB
9KCIIEPUMEHTa TPH JOCTATOYHO OOJBIIOM BpPEMEHH
JENCTBUS TEIIOBOro uCTOUHUKA. [loaToMy Halel 3agaueit
ObUIO OIEHWTH BO3MOXKHOCTH HCIIONB30BAHUSI TaKUX
mozeneit (1-15) s omeHKHM pa3Mepa HaHO3EpHA C TEM,
YTOOBI BEISIBUTH PEKUMBI 00paOOTKH, IIPH KOTOPBIX MOXKHO
rapaHTHUPOBAHHO TOBOPHTH O MOITYYEHUU HAHOCTPYKTYP.

KBaHTOBO-MEXaHHYECKHUN crocod 3a/1aHus
TEIOPU3NIECKUX U TEPMOMEXAHUYECKUX XapPaKTePHUCTHK

Ommke K TporeccaM, KOTOPBIE pEaNH3yIOTCI B 30HE
JIeCTBUS (heMTOCeKyHITHOTO Jasepa. [Toatomy
HEOOXOOMMO OBUIO OIEHUTH HACKOJIBKO OTIIMYAFOTCS
pe3ynbTaThl 1O ONpENETICHHI0 C TEMIIePaTypod IpH
CTOXAaCTHMYECKOM 3aJaHMd M KBaHTOBO-MEXaHHMYECKOM
crocooe 3aaHus Teo(p3nIeCKIX u
TEPMOMEXAHHIECKUX XapaKTEPUCTHUK.

OreHKa aJeKBaTHOCTH MOJCTH TPH TeX WIA HWHBIX
criocobax 3a1aHAs TEITO(PU3MIECKIX "u
TEPMOMEXaHUICCKUX XapaKTEPUCTUK ITO3BOJIHT OICHHUTH
BO3MOXHYIO OMMMOKY TO JH B ONpPEHCICHUH 3THUX
XapaKTepUCTHK TO M B MOAeNH. Tak Kak KBaHTOBO-
MEXaHUYECKUH MOAX 0/ OOBIYHO JAeT MOPSIOK BETHIUHEL,
a caMO B3Ha4eHHE OHO OOBIYHO HE COOTBETCTBYET
HUCTUHHOMY 3HAYCHUIO.

Bce 3TO TOBOPUT O Ba)KHOCTH OIPEICICHHUS TaKUX

©T. U. Koctrok, O. 1. I'purop, 2018
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XapaKTEPUCTUK KaK TeIUIONPOBOAHOCTh, TEIUIOEMKOCTH,
IUIOTHOCTb, MOAIYJIb YIIPYTOCTH, KO3 (QHUIIUEHT JIMHEHHOTO
pacuMpeHus, KOTOpble MOTYT CYIIECTBEHHO IMOBJIHATH Ha
TOYHOCTh  OmpenaeneHus oObeMa HaHOCTPYKTYp, a,
CJIe/I0BaTENIbHO, ¥ TOYHOCTH TIpeIaraeMoi MOZEINH.

CocTosinue Bompoca. Hecmorps Ha TO, 4YTO B
HaCTOsIIIIee BPeMsI UIMEETCSl OTPOMHOE KOJIUYECTBO PadoT
[0 HAaHOCTPYKTYpaM M HX CBOWCTBaM, MoHorpaduu B
KOTOpBIX OHH 000011eHHI [4-10]. /[Ba Bompoca, KOTophIe He
paccMaTpuBaInCh B 3TUX paboTax 3TO: TEXHOJIOTMYECKHUE
napameTpbl (PeMTOCEKYHIHBIX JIa3epOB JUIS TIOTYdEHHs
HAaHOCTPYKTYp, a TakKe BIHMAHHS XapakTepa 3alaHus
TEII0(U3NUECKUX U TEPMOMEXAHUUECKIX XapaKTEPUCTHK
Ha  TOYHOCTh TPOTHO3a  OTHX  TEXHOJIOTMYECKUX
apameTpoB.

Bce BbIle HM3NIOKEHHOE TOBOPUT O TOM, YTO

npeylaraemasl  pabora IO  HCCISJOBAHUIO  BIIMSHMA
crnocoba 3aJaHus TEIIOPU3NIECKUX "
TEPMOMEXaHUYECKUX  XapaKTepUCTHK MaTepuana Ha
TOYHOCTh pacyera M TEXHOJIOTHYECKHE MapaMeTpsl

MOJIyYEHUs] HAHOCTPYKTYp €CTh Ba)KHOM U aKTyaJbHOMN
3aavent.

ITocTanoBKka 3a1aum ucciiegoBanus. [IpoBoauioch
pellieHue COBMECTHOM 3a/laud  TEeIJIONPOBOJHOCTH U
TepMoymnpyroctd  [4] B KOTOpPOH  HCHOJIB30BaJINCh
CTOXaCTUYCCKUE 3HA4YC€HUSA U TIOJTYYCHHBIE KBAaHTOBO-
MECXaHHYCCKUM MCETOJ0OM TCHJ'IO(bI/ISI/I'-IeCKI/Ie u
TEPMOMEXaHUYECKHE  XapaKTEPUCTUKH,  IPOBOIMIOCH
HCCIIEOBaHMs, KaK XapaKTep U3MEHEHUS TeMIIepaTyp, TakK
U CKOPOCTH €€ M3MEHEHHs TaK U IUIOTHOCTH TEIJIOBOI'O
IIOTOKA Ha Pa3HbIX INIyOHHAX.

PesynabraTtel W uMx obcyxkaenme. Ha pucynkax
(a—x) maHBl 3aBHCHMOCTH TEMIIEpaTyp OT IUIOTHOCTH
TEIJIOBOTO IOTOKa Ha pasHBIX INTyOMHAaX ¥ PasHbIX
BpeMeHax aeiictBus (a-101°, 6-101, B-107?, r-1078
1-1014, e-105, %-1071° ¢)

[pu cnemyromux BpeMeHax jeiicTBus (emTonasepa
(a-c, 6-10%%, B-107"2, r-10"%8, n-10%, €-107°, x-10"° ¢)
puCyHOK 1.

IIpn 4eM Ha 3TUX pPHCYHKaX CIUIOUIHBIMHU JIMHUAMHU

0003HaYEHBI KpUBBIE IIpU HCHOJB30BAHHN KBaHTOBO-
MEXaHHUYICCKOI'O METOoAa, a IIYHKTUPOM npu
HCITI0JIb30BAHUHU CTOXaCTHUYCCKUX 3HAYCHHI

TEIIO(QU3NYECKUX U TEPMOMEXAHUIECKHUX XapaKTEPHCTHUK.

AHaNM3 3aBHCHMOCTH KPHUBBIX IIOKa3al, 4YTO NpH
OTHOCHUTENBEHO HEBBICOKHX IUIOTHOCTSIX TEIIOBOTO MOTOKA
OTJINYME OTHOCHUTENBHO HEBENMKO, TOrJa KaK C POCTOM
TEMIIOBOT'O MOTOKA STUX 3HAYECHHI YBETMYMBAETCS NpaBIa
HE3HAYUTENBHO. A C YMEHBIIEHUEM BPEMEHM IEUCTBUSA
TEIUIOBOr0 MOTOKA 3TO OTJIMYME Bo3pacraeT. BumHo, 4To
(heMTOCEeKYH/IHBIA Jla3ep O4YeHb YYBCTBHTEICH K CIIOCOOY
3aJaHus  TEINIOQHU3UYECKHX UM  TEPMOMEXaHWYECKUX
XapaKTEPHUCTHK.

HccnenoBanus xe CKOPOCTH U3MEHEHUS TEMIIEPATyp
OT IUIOTHOCTH TEIUIOBOTO IOTOKA Ha Pa3HBIX TIIyOWHAX
npejcTaBieHbl Ha pucynkax 2 (a-107°, 6-101%, 5-10"?2, r-
1013 1-104, e-10"%5, x-10"% ¢). ITokasano, uTo XapakTep
M3MEHEHHsI CKOPOCTEH pocTa TeMIlepaTryp COOTBETCTBYET
XapakTepy HW3MEHEHHs TEeMIIepaTyp OT IUIOTHOCTH
TEIJIOBOIO MOTOKA. B 3TOM ciydae Taxske sl MEHBIINX
BpPEMEH OTJINYNE PE3YNIbTATOB YBEITHUNBACTCS M HECMOTPS
Ha TO, YTO O3TH CKOPOCTH BBICOKM ¥ TIPEBHIMAIOT

HEOOXOJMMBIE 3HAYEHHS JUIS TIOJNYYSHUS HAHOCTPYKTYP
(107 Kc) mnosToMy HeoOXOAMMO TaKkKe YYMTHIBAT
TEII0pU3NYECKHE ¢ TEPMOMEXAHMYECKHE  CIIOCOOBI
3aJJaHus.
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Puc. 1 —3aBucumoctu MakcuManbHOH TemmepaTypsl — 1’
OT IUIOTHOCTH TEIUIOBOIO MOTOKA ( CO3/1aBaEMOr'0 Ja3epHBIM
H3IydeHHeM TIPH Pa3HBIX BpeMeHax ero Aeiicrsus (a-107°, 6-10°
1 p-10"2, r-10%%, 1-10", e-10"%5, x-10%® ¢) u Ha pasHoit
riryoune (1-x=0, 2-x=x1, 3-x=x2, 4-x=x3) npu pa3HbIx
crocobax 3aaaHus TeI0QU3MIECKUX 1 TePMOMEXaHNIECKIX
XapaKTEePUCTHK: __ KBAHTOBO-MEXaHHYECKHM METOJIOM,
----- CTOXaCTHYECKUM METO/IOM
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Puc. 1 —Ilponomxenue

Ho B paccMOTpeHHBIX BapHaHTax 3TH 3HAYECHHSA
CYIIECTBEHHO HPEBBIIIAIOT HEOOXOAUMBbIE I
(bopcupoBaHys MOIY4EHUS] HAHOCTPYKTYP.
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Puc. 2— 3aBucuMoOCTH CKOPOCTH U3MEHEHHUS

MaKCHMaJIbHOW TeMIepaTypsl — V OT IIOTHOCTH TEIUIOBOTO

MOTOKA ( CO3/1aBaeMOTr0 JIa3ePHBIM H3Iy4EHHEM TIPH Pa3HBIX
BpeMeHax ero geiicraus (a-10"C, 6-10"1, 5-10*2 r-10"%, 1-10°%,
€-10%5, 5%-10"%° ¢) u Ha pasnoit ray6une (1-x=0, 2-x=x1, 3-x=X2,
4-x=x3) npH pa3HbIX crocobax 3aaHus TeIIOGU3NIECKUX

U TEPMOMEXAHUUYECKUX XapaKTEPUCTHK: _ KBAaHTOBO-
MEXaHHYECKUM METOIIOM, ----- CTOXaCTHYECKHM METOI0M
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Puc. 2 — TlponomxeHue

Bce 3TO rOBOpPUT O TOM, YTO MBI HMEEM JIEIO C
JIOBOJIbHO TOHKMM MEXaHM3MOM M OOIbIIOE 3HAYCHUE
OyneT UMeTh COMOCTABIICHUE TEOPETHIECKUX 3HAUYCHHUN U
MOJTYYEHHBIX YKCIEPUMEHTANBHO. Tak Kak U3MEPUTbh, 3TH
TeMIiepaTypa IMpPaKTHYECKH HEBO3MOXKHO TO MBI OyJer
MIPOBEPSITH  PE3YNBTaThl 10 pPa3Mepy HAHOCTPYKTYP,
KOTOpBIE ~MOXXHO OyJIeT OIEHHTh C  IOMOIIBIO
TIPEATIOKEHHOW MOJIETH.

Tak Ha pHCyHKE 3 TpEICTaBJICHBI 3aBHCHMOCTH
TEeMIEpaTYPHbIX HaNpsDKEHUH OT IUIOTHOCTH TEIUIOBOTO
MOTOKA Ha pasHBIX IIMyOWHAX M JUIA Pa3HBIX BpPEMEH
JercTBus (hemTonazepa. BuaHO, 4TO Ha BCEX €CTh 30HBI €
MaKCHMyMOM, KOTOpble Haxoasrcs BOmusu 10° Br/m? n
MHHHMYM KOTOpble Haxomsarcsi BOmmsum 10° Br/m?, B
JambHEHIIeM  TMPOWCXOMUT  POCT  TEMIIePaTypHBIX
HATIPSDHKCHUH, 9TO 00BSICHACTCS KOHIIEHTPAIHECH TETUIOBBIX
noneil B 30He TUIOTHOCTH TerwioBoro motoka 10° Br/m?
(cmotpu  pucyHok  1). B npanpmefimem obnacte
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pacumpsietcs u jocturaet MuruMyma npu 100 Br/m2, Tpu
JaJbHEHIIEM POCTE TEIIOBOrO TOTOKA 30Ha TEMIIEPATyp
ckuMaeTcst (TpaJIMEHT YBETMYMBAETCS, a 3HAYHT, U PACTyT
HaNPSKEHHUS.
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Puc. 3 — 3aBHCHMOCTH TeMIIepaTypHBIX HAMPSDKEHUH OT
IUIOTHOCTH TETIIIOBOT'O TIOTOKA (] CO3/IaBa€MOr0 JIa3epHbIM
M3JTydeHHEM TIPH Pa3HBIX BpeMEHaxX ero aeiictsus (a-107°,

6-10"%, B-10"2, r-10%3, 1-10", e-10%5, %-10"6 ¢) u Ha pasHoii
riyoune (1-x=0, 2-X=x1, 3-x=x2, 4-x=x3) mnpu pa3HbIX
croco0ax 3a1aHus TeIIOPU3MYECKUX U TEPMOMEXaHUUECKIX
XapaKTePUCTHK: KBAaHTOBO-MEXaHHIECKHM METO/IOM,
-------- CTOXaCTHYECKHM METOIOM.
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Puc. 3 — [Iponomxenue

Benuuunsl TEMIIEPATYPHBIX HaIpsHKEHU U
npessimaror 10° Br/M? Tonbko mpu Tpex BpemeHax (puc
3-a, 3-0, 3-B). B aTOM citydae TeMmeparypHble HANPsHKEHUS
MOTYT, IPUBOAUT K 00pa30BaHHIO HAHOCTPYKTYP TOTAa KaK
B OCTaJbHBIX CIy4asX OHH TOJBKO YCKOPSIOT IIPOIEcC
00pa3oBaHMs HAHOCTPYKTYP.

BoiBoasbl. [IpoBeneHHbIE HCCIENOBAHUS TOTYIEHUS
HAHOCTPYKTYp TpH  pasHBIX  Ccrmocobax  3agaHus
TEITOPU3MIECKIX U TEPMOMEXaHUIECKUX XapaKTEPHCTHK
MOKa3al, YTO 3HaYCHHE TEMIIepaTyp B CIydae KBaHTOBO
MEXAaHUYECKOIo crnoco0a 3aIaHus 3HAYNTEIBHO BBIIIIE YEM
MpHU UCTIONb30BAaHUM CTOXACTUUYECKUX 3HaueHuH. [lpuuem
JIUIS BBICOKMX 3HAYE€HHMH IUIOTHOCTH TEIZIOBOI'O ITOTOKA OTH
oTimyas O6oJiee CyIeCTBEeHHBI, 0COOEHHO 3TO 3aMETHO IS
Bpemen 10 1610 %4,

JlaHHBIC WCCICMOBAaHUA, K COXAJICHWIO, eIie He
TTO3BOJISIET TOBOPHUTE 00 aIeKBATHOCTH MOZIETH C TEM WA
WHBIM  CIOCOOOM  3aJaHds  TCIUDIOPU3UYECKUX U
TEPMOMEXaHHICCKUX XapaKTEPUCTHK, TIOITOMY s Ooiee
TOYHOT'O OTIPEICIICHUS aAeKBATHOCTH MOJICITH HEOOX OJTIMO
Oyzmer cpaBHUTH OOBEMBI HAHOCTPYKTYP IIONYy4aeMbIE B
TOM WM UHOM CIIy4ae.

B TO0 Xe BpeMs xapakTep pacrlpeneieHHs
TEMIEPATYpHBIX  HANpPSDKEHHSIX IMOKa3biBaeT 00 UX

Bicuux Hayionanernozo mexuiunozo ynieepcumemy «XI11». Cepis: Texnonoeii
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BBICOKOH HEOJHOPOAHOCTH: HAJIMYUS MaKCHMyMmMa TpH
IWIOTHOCTH TeruioBoro noroka =10° Br/m? u MuHMMyMa
npu (=10 Br/M2%, 4TO OOBACHAETCA MAKCHUMAIbHBIM
rpaguentom Temmneparyp mnpu  =10° Br/mM®2 u ero
munumyme ipu =100 Br/m2,

INoka3aHo, 4TO MpH BpEeMEHAX NEHCTBHS TEILIOBOTO
noroka npu 1070 10 107% c. ecrtb BeposATHOCTH
MONTyYEeHHsT HAHOCTPYKTYP TOJBKO 38 CYET TEMIIEPATyPHBIX
HanpsHKeHUH.

OGHapyXeHO, YTO MaKCHMaJbHbIE TeMIIEpaTypHBIC
HAMpPSDKEHUS] Peau3yerTcsi MpH KBaHTOBO-MEXaHUYECKOM
crocobe 3a7laHUSA TEIIOQU3NICCKHIX u
TEPMOMEXAHUUECKUX XAPaKTEPUCTHK.
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