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Benukuii 00’eM JOCIIIKCHB HaIpyKEHO-
nepopMoBaHOTO CcTaHy CcTpykTyp BIC 3ymMoBieHmMit
MiABUINEHHSAM BUMOT 10 (OpPMYBaHHS  TOIIOJIOTIi
CTPYKTYp, OCOONHBO I CYOMIKpPOHHOTO [Iiala3oHYy.
Skicte opmysanns crpykryp BIC B 1ipomy aiana3oni
PO3MIpIB JIyKe 3aleXuTh Bia aedopMalliii Ta TepMiYHUX
(MexaHIYHMX) HAmpyXeHb, $Ki BHHUKAIOTH IIPH
HaHeceHHI (yHKUIOHANBHUX 1napiB. Benuki nedopmarii,
SKi ~ BHKJIMKAIOTBCS ~ BUKPUBJICHHSAM  Si-IIJKJIAJKH,
BUKJIMKAIOTh ~ 3HAa4YHI  BIAXOOM  pPO3MIpiB  mHpH
(otomitorpadivyniii 00poOIi i CTalOTh 0OMEKYBATLHUM
(akTOopoM Ha NUIAXY 30UIBIIEHHS CTYIEHI IHTerpamii
BIC.

Hedopmarito Si-uractuH i3 copMoBaHUMHU Ha Hil
(HhyHKITIOHATEHUMHA mapamu IIyxKe 3py4YHO
KOHTPOJIIOBATH 3  BHKOPHCTAHHAM  JIa3€PHOTO YU
rosorpadivuHoro iHTeppepomerpa. SIKIO paxyBaTH, MO
TOBIIMHA TUIIBKM (DYHKILIOHAIBHOTO IIApy € MOCTIHHOIO
BEJIMYMHOIO, TO HANIPYXKEHHsI B ILTIBLII MOXKHA BU3HAYUTH
3a BEJIMYMHOIO MPOTHHY Si-IUIACTUHM 3 BUKOPUCTAHHAM
¢dopmysu CroyHi .

(M

ne E — mongynp HOnra (mis Si E=1,3-10" H/M2), d -
TOBIIMHA Si-migKmagky, | — koedimieHT Ilyaccona (s
Si p=0,28), t TOBIIMHA IUTIBKH (DYHKIIOHAJIEHOTO
mwapy; Ry, R, — paniycu xpuBu3Hu Si-miakiagku jgo i
micns  HaHeceHHs  (YHKUIOHAJNbHOTO IMIapy, SKUH
PO3paxoBYBaBCsl 3a BEIMYMHOK MPOTHHY Si-TUIACTHHU

R:D2/8f (f — BenmmumHAa TpPOTWMHY IACTHHH). s

3pYYHOCTI paxyeTbes, MO R € Bix eMHUM U1 BUITYKITOL
MOBEPXHI Si-IJIACTHHY, IO BiIMOBiNAE HANPYKECHHIM
CTHCKY B IUTIBII, 1 JOZATHIM JJIS BTHYTOI HOBEPXHi, IO
Jla€ HATIPy>KE€HHS PO3TATY B IUTIBII.

Ha puc.1, 2 300paxena 3anexHicts aepopmanii Si-
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IUTACTHUHA TIPH 3MiHI CHIiBBIJHOIICHHS KHCHIO Ta
terpamerokcucmwiana (TMOC) B cymimri i OTY>KHOCTI,
IO TMiABOJUTHCS OO BHCOKOYACTOTHOTO —pEakKTopa
IUIA3MOXIMIYHOTO OCaKEHH.

[IpaBunpHE  PO3YMIHHA  MEXaHI3My  HPYKHHX
TEPMOMEXaHIYHUX HaNpyKeHb, AKi BHHHUKAIOTH B
CHCTEMI ILTIBKA-IJKIaAKa, MAlOTh BaXKJIMBE 3HAYEHHS,
00 BIUIMBalOTH, Ha enekTpodizWyHi mnapameTpu 1 IX
cTabIBbHICTh CHOPMOBaHUX NpuiagHuXx CTpykTyp BIC.
Tak  BUMIpIOBaHHS  TpPOBEJCHI NpPH  KIMHATHIN
TEMIIepaTypi Micisd TEPMIYHOTO OKCHIyBaHHS KPEMHIIO,
MOKa3yIoTh, 0 Si0, 3HAXOAUTHCS B CTaHi CTUCKAHHS Ha
MOBEPXHI, a BEIMYNHA MPYKXHUX Harpyxenb 11t T=800-
900°C ckiagana (3-7)-109 )1HH/CM2, a 3 IIJBUIIEHHA
temneparypu >1000°C BOHM BXe 3MEHIIWINCH 1
cknagamu (3-7):107 quH/cm?(H/M?). BractuBocTi mmiBok
Si0,, sKi Oca/pKeHi i3 Mapora3oBUX CyMilIeH MaroTh
pi3HI 3HAKW 1 BEIMYMHM NPYXKHUX HANPYXEHb, a caMme:
wiasmoxiMiynuii  Si0,  Mae  TakoX ~ CTHCKyHoYi
HATPY>KEHHS, a IHII CIIOCOOU 3 BUKOPUCTAHHSIM T'a30BUX
cymimeir SiH4+0,, TEOC Tta SiClLH,+N,O natots sik
PO3TATYIOUi, Tak 1 CTHCKYIOYl HanpyxeHHs. Taki BUCOKI
3HAQUEHHs TMPY)XHUX  Halmpy)XeHb IMPUBOAATH 1O
CKJIQHOTO  pO3MOJUTy  HAmpyKeHb  Ha  Kpasx
(DYHKIIOHANPHUX IHmapiB  TicIsA  QoTomiTorpadigHoro
(hopMyBaHHS TOTOJIOTIi QPYHKI[IOHATEHOTO Tapy. [HKOIH
JUIsl 3MEHIICHHS NMPY>KHUX HalpyX€Hb BUKOPHCTOBYIOThH
GaraTomrapoBi (DYHKITIOHAJIBHI IUIACTH, HANPHUKIAL, U

3MEHLIEHHS  peNakcalil  IPYyXHHX  Halpy)XeHb
JIOKQJIBHOTO OKHUCITY B TEXHOJIOT11 Locos
BUKOPHCTOBYETBCSl JIBOIIAPOBA IUIIBKA — TEPMIYHUI

SiO,+ SizNy, 00 ocraHHIi 0pU OCAKEHHI HOro i3
naporaszoBoi cymimi SiH,+#NH; B peaktopi 3HMXEHOTO
THCKY CTBOPIOE BXKE PO3TAryloui HampyskenHs o 10°-
10° muH/em?.

Buxonstun 3 BUILIE
SKCIIePUMEHTAIBHIX  JTOCIIKEHb,

MIPUBEICHUX
HEoOXigHO  OyIo
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Puc. 1. 3anexuicts Hampyxenb B Bl SiO; 1
MPOTUHY Si-TUIACTUH BiI MOTYXHOCTI Tasmu: 1 —
HANPYXXCHHS B IUTBII, 2 — MPOTHH Si-TUIACTUHHU
(0,=95 %, t=0,8 MM, d=420 MKM)
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Puc. 2. 3anexnicte HampyxeHb B TwmiBmi  SiO;
Haeceniii [1XO Ta nporuHy Si-IJIacTHH BiJ| BMICTY
O, B peakTopHii cymimri: 1 — Hanpy>KeHHs B TUTIBLI, 2
— mporud Si-ractuau  (W=1600 BT, =0,6 MKM,
d=420 Mxm)

PO3pOOUTH METOA eNeKTPUYHOI OIIIHKH HampyKeHO-
nedopmarniiinoro crany B mapax enemeHtiB BIC, sikuii
MokHa Oynmo © BKIIOYHTH B TECTOBHH KOHTPOJb
JlarHOCTYBaHHs HaIIMHOCTI CTPYKTYp Lie Ha cTamii ix
(dbopmyBaHHSI.

OpHa i3 npuunH BigkasiB BIC — ue nomns tepMiuHux
HanpyxeHb (TH), mo BHHHMKaIOTH B (PYHKIIOHAITBHHX
mapax Ha pi3HUX CTalisiX TEXHOJOTIYHOTO IpPOLeECy
¢dopmyBanHs crpykryp BIC i npu ix MoHTaxi B Kopmyc
yepe3 eBTeKTHYHWH cmail. Bimomo, mo TH B 30HI
MPY’KHOCTI HAIIBIPOBITHUKIB TMPHUBOAWUTH 10 3MiHH
CTPYKTYpH 1 €HEepreTMYHUX 30H, i, BIANOBITHO, IO
TEMIIEpaTypHOi HEecTaOLIbHOCTI eNeKTPO(I3UUHUX Ta
enekTpuuHuX napamerpiB  emementie BIC; TH €
MPUYUHOIO IUIACTHYHOI Aedopmariii HamiBIPOBITHHKIB,
0ocoOJIMBO B 00NacTAX  KOHLEHTpaUiil TepMiuHHX
HarpyxeHb (CXOAMHOK); HasBHicTH TH npuBoauTh 10
pO3TpiCKyBaHHS Ta BiAlmapyBaHHS (YHKIIOHAJIbHUX
mapiB  Ta MOpPYHIEHHS IUIICHOCTI KPUCTANIB IpHU
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eBTEKTHYHOMY MOHTaXi iX B KOPILyC YH CTPIiYKOBHH
Hociii; TH crnpuunHsioTh KOpOoOJeHHsS Si-IUIacTHH Ta
BUKJIMKAIOTh BEJHMKI DPO3CYMILICHHS EJIEMEHTIB MpHu
¢doromnitorpadiuHomy niepeHoci 300paxkenns [1].

Ha piBai TH B mapax crpykryp BIC BrumBaroth
0araTo KOHCTPYKTOPCHKO-TEXHOJIOTIUYHUX (DAKTOpIB IIe
Ha cralisix po3podku crpykrypu BIC Ta TexHosoriuHoro
npouecy i popMmyBaHHs. 3a pe3ylbTaTaMH BHMIpPIOBaHb
TH  MoxHa  BUSBHTH  CTeNiHb  Y3TOKEHOCTI
TEPMOMEXaHIYHUX XapaKTepUCTHUK MaTepiaiiB 1 1iX
KOMIIO3HIIiH, 0 BUKOPUCTOBYIOThCA B (PYHKITIOHATEHUX
mrapax BIC, a TakoX yTOYHWUTH TEXHOJIOTIUHI MPOIECH i
pexuMu ix ¢dopmyBanHs. KpiM 1mporo mo piBHIO 1
crabimeHocTi TH B mapax MokHa BH3HAYaTH Ta
(dhopmyBaHHSI.

EdextuBHull HanpsM NpH TakoMy AiarHOCTYBaHHI
HaJIIfHOCTI € BUKOPHCTaHHS CIELiAIbHUX TECTOBHX
crpykryp (TC) Ta tecroBoro konrpomo (TK) [2], sxi
JIO3BOJISIIOTH 1€ Ha cTafii GopMyBaHHS (YHKIIOHATBHUX
IapiB OLIHUTH HaNpyxeHo-aedopmaniauii ctan (HAC)
B mapax ememeHtiB BIC. Tomy mikaBUM B HHOMY
HampsiMi € TEH30METPUYHMII METOJ MiarHOCTYBaHHS
HajidHOCTI 3a piBHeM TH.

3MiHa OMOpPY HAMIBIPOBIAHUKOBUX TEPMOPE3UCTOPIB
(TP) mig miero (TH) MOSCHIOETHCS IT°€30PE3MCTUBHUM
epekToM, TOOTO  3aJIeKHICTIO MUTOMOTO  OIOpPY
HAMIBIPOBIMHUKA  BiJ  Hampy)eHO-IehopMaliiHOro
crany (HJC) 1 opieHramii Tina TepMOpe3UCTOpa
BiIHOCHO  Kpucrajorpadiynux  HanpsiMkiB.  [lpum
JocTaTHRO moMipHuX piBHsX TH 3miHa omopy TP €
NPOTOPLIHHOI0 LUM HampyraMm. TeHzouymmBicte TP
MOXKeE Oyt oburciena 3 BHKOPHCTaHHSM
I’ €30pE3UCTUBHUX KoedimieHTiB. B mexapToBiii cuctemi
KOOpAWHAT Oxyz, BiCh Oz HampaBJcHA
NEePIEHANKYIISIPHO pobouiit TUTOIHHI
HAMiBIPOBITHUKOBOI IUIACTUHU, B SIKiH (OPMYyIOTHCS
crpykrypu BIC (tam e ¢opmyerscst i TP), a Bice Ox
B3J0BXK HampsiMy ctpymy | B TP npu omHOopinHOmy
pO3MOJIII  TepMO-MEXaHIYHMX HalpyXeHb B  TUI
pe3ucTopa I’ €30pPE3UCTURHI KOSDIliEHTH BU3HAYAIOTHCS
3a opMyIamMu

nt = AR/(RHGIX) npu 6, =71, =0 )
T = AR/(RHGIy) npu 6, =1, =0 3)
T, =AR/(RHthy) npu o, =c,, =0 4)

x x
y? Xy

3CYBHHUH IT€30pPE3UCTUBHI KOe(DIlli€eHTH s 3aJaHoi
opientanii TP B Si-rutactuni; AR — 3mina onopy TP min
niero TH Bigmosignoro Buay; R, — mouaTkoBuii omip

aemnt, w m*  — TO3MOBXHIN, MOMEpeyHuid i

TEH30PE3UCTOpa NPH BIACYTHOCTI HANPYKEHb; G, , O ,
G, — HOpMalbHa i TaHrECHUIAIbHA CKIA/I0BI HAIpPYT B
timi TP. JIng Bumangky, Kojau € IPUCYTHIMH BCi TPH BUAH
TH, cymapHa 3MiHa omopy Yy BIANOBIAHOCTI 3
thopmynamu (2)-(4) 6yne
— x % x
AR, = (nxclx + 10, + nxytlxy)RH

®)

PosrisiHemo Tenep XapaKTePUCTHKY
HaMiBIPOBITHUKOBUX TEH30PE3UCTOPIB, chOPMOBAHUX B
TexHoorivnoMy 1wk crpykryp IC. Tenzopesuctopu
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(TP) dopmyroTBCS SIK TECTOBI SIEMEHTH I KOHTPOIIO
TH B ¢yHKiioHanbHMX Mmapax Ha  Si-IUTacTHHI
(HamiBIPOBIAHUKOBIH) B NPHUIIOBEPXHEBOMY  mIapi
MiAKIagKH MeToaoM audy3il 4u 10HHOTO JIeryBaHHsS B

€IMHOMY TEXHOJIOTIYHOMY TIpOIleCi 3 OJHUM I3
HamiBIPOBITHUKOBUX  (yHKHiOHANPHUX mapiB. [lpu
IIBOMY HEO00XiTHO 3ayBaKUTH HACTYITHE:
TEH30PE3UCTOPH € HaHOLTBII MIPOCTUMU B

KOHCTPYKTOPCHKOMY BiHOIICHHI CEepell BCIX CIIEMCHTIB
BIC i moxyTts Oyt chopMoBaHi Ha OCHOBI JrOOOTO
JIETOBAHOTO HAIIBIPOBIIHUKOBOTO IMIapy (3aXOBaHOTO,
po3aimpHOTO, ©a30BOTO, KOJEKTOPHOTO, EMITepHOTO,
NpPOBITHOTO, OXOPOHHOI  O0NacTi, KHUIIEHI, CTiK-
BUTOKOBUX 0O0JacTell) Ha paHHIX cTafisx (opMyBaHHS
iHTerpanbHuX ejeMeHtiB. Jlepopmariiini epekrn B TP
MOSICHIOIOTHCST HA OCHOBI JTJOCUTH MPOCTUX Mozenei. J{ns
BUMIpIOBaHHS  enekTpodizmyHnx  mapamerpie TP
BUKOPHCTOBYIOTBCSI  BUCOKOITPEIM3iHI BHMIpIOBaibHI
3acobn. € wuymMano TyOmiKamiif, pe3ynbTaTH SKUX
JIO3BOJISIIOTH TEOPETHYHO OLIHUTH YyTIHBICTh TP s
pi3HHX Opi€eHTalili KpeMHI€BUX IUIACTHH 1 HaIlpsSMIB B
HuX. HamiBnpoBigaukoBi TP  Bxke moBrmid dbac
BHUKOPHCTOBYIOTH JUTsl BuMiptoBanHs TH, ski BHHHKaIOTH
Ha OIepamisiX MOHTaXYy YH CKIAJaHHS, a TaKOX SK
cencopu TuCcKy [3]. Merox monsrae B TMOpIBHSHHI
nouatkoporo omopy R, TP B BuxigHomy cTaHi

KpHCTajla A0 CKJIAJaHHsS 1 KIHIIEBOTO 3HA4YEHHS OIOpY
Ry micns #Horo BCTaHOBIGHHS B KOPHOYC 4YH

kpucranorpumad. Ilo 3mimi omopy AR=R, -R, i

BiJOMOI1 TEH30UYYTIMBOCTI Si BH3HAYAETHCS 1i PIBEHb.
Jus moBrOi ominku HJIC B KpucTam BHKOPHUCTOBYIOTH
cremiaigbHI po3eTKH i3 aBOoX abo Tprox TP 3 pi3HOMIO
KYTOBOIO OPIi€HTAMI€I0 B TUIONIMHI TUTACTHHU.

TP He MOXyTh OyTH BHKOpHCTaHI Oe3mocepenHbo
s BuMmiproBanHs TH B mapax enemeHTiB Ha Si-
TUIACTHHI IO PsIly NPWUYWH, 110 BH3HAYAIOTHCS HU3BKOIO
yymmBicTio. Tak, st 1iapy SizNy  TOBIIHHOIO
h,=0,2 MKM, 110 OCAIKyeThCS B PEAKTOPI 3HHIKEHOTO
TUCKY CEpelHE 3HaueHHS HamnpyxkeHHsS &,=1000 Mlla,
Tomi sk quig  ToBIMHM h;=0,4 MKM HaIpy>XeHHs
6,=2 MIIa. ITpu uytmusocti 10° MIla™ BigHOCHA 3MiHa
TeHzoonopy Oyne cximamatm  smme 0,2 %, mo
CIIBCTABHMO 3 TEPMIUHUM KOE(IilliEHTOM  OMOpPY
kpemHuieBux TP, sxwuii ckinamgae 0,1-0,3 %/ °C.

UytnusicTh TeCTOBUX TepMmopesucropis 1o TH B
(yHKITIOHATIBHOMY IIapi CyTTEBO 30UIBIIY€ETHCS, SKIIO B

MOBHI Mipi BHKOPHUCTATH SBHUINE KOHIICHTpPAMii
HampyXeHb B Si-HmiAKmaani mnoOmu3y KpaiB 30HU.
[omepeunwit  mepepi3  aBox  BapiantiB TP, i3

TE€OMETPUYHUMHU PO3MipaMH JOBXKHHU |, mmpuHu 2b Ta
BUCOTH hg 1 cOPMOBaHHMX OJHUM i3 METOJIB JJOKAILHOTO
JICTYBaHHS, MMO/1aHi Ha puc. 3. YTBOpEHU Ha Si-IIacTHHI
JieneKTpuyHui map 3, TOBIIMHOI h,, HAaHOCHThCA 1 Ha
nosepxHi TP (puc. 3,6). KoHueHntpaTopu HamnpyxeHb
(OopMyIOTH HAcCTYITHUM YHHOM: B IIEpIIOMY BapiaHTi
MeTosioM QoTomitorpadii BCKPHUBAETHCS MPSIMOKYTHE
BIKHO 3 MIMPHUHOIO 2a, a B JPYrOMy — YTBOPIOETHCS
MPsIMOKYTHA cMyra 3 Ti€l0 X mmmpuHOI 2a. Kpai
TIieIeKTpUKa SK B OJHOMY, TaK i B APYroMy BapiaHTax
3HAXOATHCI HAa HEBEJIMKINA Bigmanai c=a-b Bix OOKOBHX
cropin TP. Ile 3abe3meuye Bucoky uyriuBicte TP 1o
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Puc.3. Temsopesucropm 3 [BOMAa  BapiaHTaMH

KoHIeHTpaTopiB Hampyr (1 — Si-migkragka, 2 — TP, 3 —
(hYHKIIOHATTEHUH TIIap).

Hampy>kKeHb G, B KOHTPOIBHOMY (YHKIIOHATHHOMY
mapi, Ail04YM TEepIeHAUKYJSIpHO Tmo3moBxkHii oci TP.
Tomy mnpu ¢opmyBanni Takux TP  HeoOxigHO
3a0e3NeunTH:

® JI0CTaTHhO BENWKE CIIBBiJHOLIEHHS ¢/b 3 MeToro
3HWKEHHS BIUMBY HeonHopigHocteidr HJIC moGmusy
KOpOTKuX cTopiH TP Ha TOYHICTH BUMIpIOBaHHS;

e omnTHMallbHE 3HAYeHHs Bigmam c=a-b s
3abe3nedeHHst BUCOKol dyTnuBocTi TP no BuMiproBaHOl
BemumHE TH 1 HEBIUIMBOBOMY pO3KHIY pO3MipiB
enemenTiB TC Ha TOYHICTh BUMIiPIOBAHHS,

e Maie BigHOMIEHHS hgp/ b m03BOIsIE CHpoCTHTH
PO3paxyHKOBI (POPMYJIH.

KpiM 115010, 3 METOIO 3HM)KEHHS BIUIUBY BIIXUJICHHS
TEOMETPUYHHX  PO3MIpIB  Ta  eneKTpoQi3uuHUX
napameTpiB TP, a Tako) HaBKOJHMIIHBOTO CEpeOBHUINA
Ha TOYHICTb BHMIPIOBaHHS OJHOYACHO IIOBHHHI
dhopMyBaTHUCh JBI OJIM3BKO PO3MIIICHUX OJHAKOBHX 32
TEOMETPUYHUMU  pPO3MipaMH 1  eNeKTPO(I3NIHUMHA
napamerpamu TP (puc. 4). Tlowarkosuii omip TP-HOI
napu € Maibke ogHakosuMu (R, =R, ), a naneme B

nporueci (dbopmyBaHHs KOHTPOJIFOEMOTO
(hYHKIIIOHATTBHOTO 1Py BOHHU 3MIHIOIOTHCSI B OJTHAKOBIH
creneni. PizHa uyrnuBicte TP-noi mapu no TH B
YTBOpEHOMY IIapi 3a0e3neuyeThes IUIIXoM (GopMyBaHHS
pi3HMX  KOHLEHTpaTopiB  (pi3HOI  Tr'eOMeTpUYHOI
koH(irypaii). Takum gnaoM, B TP-iit mapi, no kpaiiHiit
Mipi, ogwmH TmOBMHEH Oytm uymmBuM 10 TH B
(dyrxmionansHOMy THapi (UYTP), a npyruit Oyne omipHEM
(OTP), T06TO HeuyTmmBuM 1o TH B mpomy mapi. Kpim
1[OTO, IlIe B OJHOMY BapiaHTi Takoi mapu TP moBuHHI
MaTd YYTJIMBICTh TNPOTHIEKHOro 3HaKy (puc.4B). B
OCTaHHBOMY BHIAJIKy IJIs 3a0e3MedeHHs iAeHTUYHOCTI
crany  mnoBepxoHb TP  mepex  ¢opmyBaHHIM
¢yHKIIOHANBHOTO IIapy 1O BcboMy TP HeoOxigHo
HAaHECTW CYUUIbHUHA TOHKUHM JENEKTPUYHHH  IIap.
PoGoua ¢opmyna ans BusHaueHHs TH B yTBOpeHOMY
I1api Ma€ BUTJISIA:

G, :(R]K/R]H _RZK/RZH)/(SI _Sz) (6)
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e iHmexcu 1,2 BiATIOBiAalOTH MEPIIOMY 1 IpyTroMy
TP. [ns Bapianta mapu YTP —OTP dopmyna (6)
NpuiiMae BUIIISA:

o, =(Ry /Ry Ry /Ryy)/S, 60 S, i OTP=0 (7)

Takum uywmHOM, omucani TP 3 KoHIEHTpaTopaMu
HaNpy>KeHb BUKOPUCTAIUCH HaMK s BuMiproBanus TH
B (yHKIIIOHaTIbHUX IIapax cTpykTyp BIC.

OTP

ERRRIRR 3
1__
a)
OTP qTP
| m BRA
| A
Al % 3
6)
1_
6)
Puc.4. Tlapu TP juis BuMIpIOBaHHS HalNpyXeHb

¢ynkiioHansHnx mapis  crpykryp BIC (1 — Si-
migknanka, 2 — TP, 3 — pyHKIIOHATBHUIA TIap).
ExcniepuMeHTanbHa ~ OIIHKAa ~ JaHOTO  METOXY

MPOBOIMIIACH HA CIICIialbHIN TECTOBI CTPYKTYpi.
Tononoriss manoi TC mnpuBenena na puc.S. OOuzapa
tenzopesucropu  (UTP i OTP) 3Haxomsarecst Tin
KOHTPOJIFOIOYMM  JIICNIEKTPUYHUM  (DYHKI[IOHATBHUM
MIapoM, SIKUH BUKOHYE POJIb 3aXHCHOTO. Po3mimieHHs
KOHTaKTHUX Iwiomanok TC 3abe3nedye BUMiprOBaHHS
OIIOpIB TEH30PE3UCTOPiB 4-30HIOBHUM MeTomoM. B Si-
migknagkax — tany  KE®4,5-(100)  dopmysammcs
TeH30pe3ucTopr 1 andy3idiHI  TPOBITHUKK 1O
KOHTAKTHHUX IDIOMIAI0K nursxoM audysii (ado 1JT) 6opy 3
MIOBEPXHEBUM OIOpPOM

ps =5200m/ksanpar +20(N,, =5-107 ~1,2-10"cm )

mpu rmbwuHI 1udy3ii 0,6 mkMm. Tlpu poMy opieHTaLisA
TEH30pe3UCTOpiB 3abesmedyBanack B Hampsmi <011>.
Hamemre Ha Si-CTPYKTYpY HAHOCHBCS [Ti€NEKTPHYHHA
(GyHKIIOHATBHUH 1ap, MO MICTUTh TOHKHUI miamap SiO,
TOBILIMHOIO 25 HM, chopMoBaHmii TEPMIYHUM
okcuayBaHHsIM B cyxomy O, mpu T=1000°C i ocHoBHUi
i3omrorounit map SizN, (SixOyN,) ToBmuHOW0 0,33 MKM i
0,54 MkM, 110 opMyBaBcsi B peakTopi 3HHKEHOTO THCKY
iy «[30TpoH-4» XIMIYHMM OCaPKEHHSIM pEakKIi€lo
muxnopennany SiH,Cl, B armocdepi amiaky NH; mpn
T=770-800°C. ITigmap SiO, BuKIIO4YaB B3aeMOIit0 SizNy
ta Si. [lampme B Ji€TEKTpUYHOMY MIapi METOJIOM
miTorpadii BCKpUBaIHNCh BiKHA 10 ITUQPY3IHHAX TOPIKOK
Ta (popMyBaMCh KOHTaKTHI IDIOMIAJKK 3a JIOTIOMOTOIO
MeTarizarii, copMOBaHOT MAarHETPOHHUM PO3MIIICHHIM
mimeni AKHy-1-1 B apronniii mmasmi. Ilotim
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puMmipioBamick Ha  Tectepi AIK TEST  omopwm
Tensopesucropis R, iR,,. [Janeme MmeTtonoM
mitrorpadii T2  aHI30TPONHOrO  IUIA3MOXIMIYHOTO

TpaBJIEHHS MieNEeKTPUYHOIO IIapy BCKPUBAJIHMCH BiKHA
il KOHIEHTPATHUPH Yy TINBUX TeH3opesucropis (UTP). I
3HOBY BHMIpPIOBAIM BXE KIHIIEBI 3HAYCHHA LUX
onopiB R, ,R,, . Jln BCix TeH30pe3UCTOPIB BiAdanb Bif

OookoBux cropiH TP 10 Kkparo KOHIlEHTparopa
¢ikcyBanach sik ¢=2,5+0,1 mxm Ta c=1£0,1 MKM.
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Puc.5. TeHsopesuctuBHa TecToBa CTPYKTypa IUIst
BuMiptoBanHs TH B ¢pyHkumionansHux mapax (1 — YTP, 2
OTP, 3 Si-migkmagka KE®D-4,5(100), 4
(hyHKIIOHATBPHUNA Iap, 5 — MPOBITHUH IIap KOHTAKTHOI
momanku (KIT)).

Cepenue 3mauenHs TH o, B nienekTpudHOMy

¢yHKIIIOHATBHOMY Iapi, OOYMCIIEHE II0 MPOTHHY Si-
TUIACTHHH-CYITy THHKA 3 TAHUM IIAPOM CKJIATO0 IS OLITbII
ToHKOrOo  QyHKmioHansHoro  mapy  (h,=0,33 mMxm)
879 MIla, a pna OGimpmr  ToBcTOoro (hy=0,54 Mxm)
974 Mlla mpu iX cepemHBOKBAIPATUIHOMY BiIXIIICHHI
(CKB) BimmosimHOo 59 MIla Tta 27 MIla. Bumipssi
pI3HMII  BIJHOCHUX 3MiH OINOpIB TEH30PE3UCTOPIB
CKJIaJiali BIAMOBIJHI 3HaueHHs OR Ta 1x wuytmuBocTi S
I TH, o0uncieHi 3a
S=38R/o,

, SIKi MojaHi B
oR = (RIK/RIH _RZK/RZH )

(bopMynaMH{
Tabmumi 1.

Sk OauuMo i3 OoOuUMCIIEHHX 3Ha4eHb OR Ta S, mo
YyTIMBICTE TEH30PE3UCTOPIB O TEPMOMEXaHIIHUX
HaIpyXeHb 3pocTae 3 pocTtoM TOBIIUHU
(YHKLIIOHANBHOTO INApy, SKHH NPHUBOIAMTH 1O POCTY
Harnpy>keHb B KOHLIEHTpaTopax. JloaTHi 3HaYEeHHs 3MiHU
omopy TeH3opesucTopiB OR  BiamoBimae Bim eMHOMY
3Ha4YeHHIO Gj, Tila UYYTIMBOTO TEH30pe3ucTopa abo
JIOJTATHOMY G, B (DYHKI[IOHATBHOMY IIIapi, IO BiIIOBiga€e
KPEMHIFO p-THITY (cpopmoBannm
TeH3opesucTopam) i < 0.

Taka TC no3Boisie €KCHEPUMEHTAIEHO BH3HAYUTH



JlociimkeHHs] TepMIYHUX HaNpYy»XeHb B CyOMIKpOHHHX CTpyKTypax BIC

Tabauns 1
Yytnusicts TP no TH ¢ynkuionansHoro mapy.
h,, MkM b, MKM SR, cepenne % (c=2,5 mMxm) oR (c=1 MKMm)
S-10°, MITa S-10°, MITa’
0,33 6 3,95 4,49 7,28 9,02
10 3,24 3,69 6,51 7,38
0,54 6 6,52 6,69 13,12 13,58
10 5,30 5,44 11,21 11,68
BCI TepMiuHi Hanpy»eHHsI B QYHKI[IOHATIbHUX MIapax, sKi BCTAHOBIIOBATH  ONTHUMAJbHI  3HAYEHHS  PEXKUMIB
BUKOPHCTOBYIOTBCS B TEXHOJOTIYHOMY  IpOILeci npoteciB  (popMyBaHHS  (YHKIIOHATBHUX IIapiB

(dhopmyBaHHS cyOMIKpOHHUX cTpYKTYp. CIiji BiI3HAYNTH,
M0 YYTJHMBICTh JAHOTO METOAY 30UTBIIYETHCS 3
3MEHIIIEHHSIM BiIami TEH30pe3ucTOpa hi (o)
KOHIIEHTpaTopa ¢<l MKM B 2-3 pa3d i Ja€ MOXIHUBICTbH

cyOMikpoHHHX cTpyKTypax BIC.

Hoeocaonuu C.II. — noKTOp TEXHIYHUX HAyK, mpodecop;
bepesrcancokuii B.M. — acniipast kadeapi .
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The method of thermal stress measuring in layers submicron structures of VLSI is developed. This method based
on a piezoresistive effect and test control of electro-physical parameters.
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