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CIIOCOB AHAJIU3A OU3WYECKUX WHIK XUMHUYECKUX CBOWCTB [OBEPX-

(57) Abstract: The inventive method for
analysing physical and/or chemical
properties of the surface layer of a solid
body consists in exposing said surface
layer to a unit radiation impulse input,
decontaminating the surface layer of the
solid body by exposing said body at a
constant temperature and subsequently
heating it when the radiation effect
performed thereon is over. The spectrum of
energy quanta emitted by the surface layer
of the solid body is recorded during the
decontamination thereof in such a way that
the spectrum of the emitted energy quanta
recorded at a constant temperature provides
data on the loosely coupled states of the
surface layer and the half lifetime thereof.
The  thermoluminescence  spectrum
recorded during the heating makes it
possible to judge the phase and relaxation
transition temperatures in the surface layer.
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(57)Pedepar: B crocobe ananusa QUIMIECKHX HW/HIM XHMHYECKHX CBOMCTB IIOBEPXHOCTHOIO
CJIosi TBEPHOTO TeNa BO3AENCTBHE HA MOBEPXHOCTHBIA CIOH NMPOM3BONAT €TMHHYHBIM
VMINyJIbCOM  M3NydeHHs, a [e3aKTHBALMIO TOBEPXHOCTHOrO COS TBEPAOTO Tena
OCYIIECTBASIOT MO OKOHYAHHM BO3JEHCTBUS HA HETO M3ITYYEHHEM IYTEM BHLIEPIKKH
TBEPIIOrO Tefla TIPH TMOCTOSHHOM TeMIMepaType H IOCIeyIOIEro Harpesa, IpH 3ToM
CTIEKTP HMCIYCKaeMBIX TOBEPXHOCTHBIM CJOEM TBEPIOTO Tella KBAHTOB 3HEPTHH
PETHCTPHPYIOT B TOLECCE [e3aKTHBALMK IIOBEPXHOCTHOTO CJOS, TaK YTO
3apErHCTPUPOBAHHBIA TIPH TIOCTOAHHON TEMIIEpAType CIIEKTP MCIYCKAeMBIX KBAHTOB
Hepruu aaeT MHQOPMALHMIO 0 ClTaGOCBA3AHHBIX COCTOSHMAX MOBEPXHOCTHOTO COSA H
BPEMEHH MOJNypaclaja ITHX COCTOAHHH, a 3apErHCTPUPOBAHHBIN TIPH HArPEBE CIIEKTP
TEPMONIOMHHECIIEHIIAM ~ TO3BOJIAET  CyAMTh O  TeMIeparypax (asoBeIX W
penakCallHOHHBIX TIEPEXO/IOB B TIOBEPXHOCTHOM CJIOE.
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Crioco0 ananu3a Gpu3sHYecKuX H/HJIM XUMHYECKHX

CBOHCTB IIOBEPXHOCTHOTO €105 TBEPJOIO TeJia (BAPHAHTHI).
O0JacTh TeXHUKH

M300peTeHne OTHOCHTCS K OONACTH aHAM3a CTPYKTYPHI
IIOBEPXHOCTHEIX M IPHIIOBEPXHOCTHBIX CJIOEB TBEPABIX TENl M HX
(Qu3FYIeCKNX ¥ XUMHYECKHX CBOMCTB C HCIIOJIH30BAHUEM

aKTUBUPYIOIIUX BO3AEUCTBHUI.
IpemmecTByromuii ypoBEHb TEXHUKH
ITockosBKy CTPYKTypa IIOBEPXHOCTHOTO CIIOSI TBEPIOIO -
Te€Jla CYIIECTBEHHO OTIHYAETCS OT CTPYKTYPHl TBEPAOTO Tella B

o0BeMe M, IIPaKTU4YECKH, OIPCACIICT €ro MNOBEICHHE B

Pa3lIMYHBIX CpeNax U B IIOJI€ Pa3IMYHBIX CHJI, TO CBEICHUSI O

3SAMEHSIOIIHIA JIUCT (ITPABHIO 26)
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ITIOBEPXHOCTHOM CJIOE€ TBEPIOI'O Tella OTKPBIBAIOT IyTh K HAYYHO-
000CHOBaHHONW MOIM(HKAIMK ITOBEPXHOCTH TBEPIAOro Teja ¢
IEBI0 ITONyYEHUs MAaTepHalIOB C JKEIaeMBIMU ONTUYECKHMH,
MEXaHUYECKUMH, aJre3UOHHBIMY, 3IEKTPUUECKUMU,
JIOMHHECHEHTHBIMA ¥ JIPyTHMH CBOMCTBaMH, a TaKXe K
YIPaBIEHUI0 MHOTHMY BaXXHBIMHA B NPaKTHYECKOM OTHOILEHHH
IIpoIieccaMy, TaKUMHU KaK POCT KPHUCTAJLIOB, SIIHUTAKCHAIBHOE U
IUIQ3MOXMMHYECKOE BBIPAIIMBAHUE CIIOEB, KaTaju3, CO3JaHue
yIBTPATOHKUX IUICHOYHBIX IIOKPBITUHA MeTojamu JIsHrmiopa-
bromxe 1 MoNeKyIsIpHOH caMOCOOPKH, YIPOUYHEHHE MaTepHUaIOB
M Jp., MO3BONIIOT Ha OoJee BBICOKOM YPOBHE IIPOBOJUTH
KOHTPOIIb KayecTBa IIOBEPXHOCTH (IOBEPXHOCTHYIO
ne()EKTOCKOITHIO) TIPOMBIIIIEHHBIX M3eNHi, YTOo OCOOEHHO
B)XHO B TaKUX OOJIACTSIX KaK 3al[UTHBIE IOKPBITHS, MUKPO- H
HaHO-3JIEKTPOHUKA.

WsBectHbl crocoObl  aHamu3a (U3UYECKUX CBOMCTB
TBEpJIOTO Tejla, & NMEHHO, TEMIIEpaTyp U DHEPruil akTHUBALUK
(Ga30BBIX W peNaKCaliOHHBIX IMEPEXOJ0B B HCCIEIyeMOM
Marepuaje IOCPeICTBOM [ (depeHIHaNbHON CKaHUpYyoLei
KaJlOpUMETPHH, CM. B.A bepinreiin, B.M.Eropos,
«Indpdepennnansaas ~ CKaHHpYIONIas  KaloOpuMeTpus B
busukoxuMun noyimMepoBy, JI., «Xumusy, JleHuHrpanckoe
otgeneHue, 1990, ctp.74-81, a Takke C IOMOUIBIO AASPHOTO
MarHuTHOTO pe3oHaHca, cM. Sl.Pabek, «OxcnepuMeHTalIbHBIE

METOJIBI B XUMHH ITOJIUMEPOBY, T.1, M., «Mup», 1983, ctp.337.

SAMEHSTIOIIMIA JIUCT (ITPABIIO 26)
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HenmocratkoM 3THX CIIOCOOOB SBISETCI TO, YTO C HX
IIOMOIIBIO TOJYYaloT HHGOPMAIUIO, OTHOCSIIYIOCS KO BCEMY
o0peMy wmccieyeMoro obOpasla H He OTPaXalolylo B
HE00XOIUMOi1 CTereH: clenupKY ero IOBEPXHOCTHOTO CIIO.

M3ecten cmoco®  aHamm3a  (U3MYIECKUX  CBOMCTB
IIOBEPXHOCTHOTO  CJOS  TBEpAOrO Tela, B  YaCTHOCTH,
OIpeNeNIeHns TeMIIepaTyp M SHepruil akTuBauuéd (asoBBIX HU
PeaKCaIliOHHBIX IIePex0/0B, BKIJIIOUAIOIIHI OOMOapAHPOBKY
[IOBEPXHOCTH MEPBUYHBIMHU IIyYKaMH HEWTpaTbHBIX aTOMOB,
U/ANUA  DIIEKTPOHOB, W/WIM HWOHOB, Wwix (OTOHOB, WMWK
PEHTI€HOBCKUX JIydeli, U PETUCTPALUI0 BTOPUYHBIX IYIKOB TEX
K€ CaMBIX 3apsHKEHHBIX YacTull, cM., Hampumep, A.l'3aHmepHa
«Mertozs!l aHam3a IOBEpXHOCTI», M., «Mupy, 1979, c.c. 63-64,
76-77, 83-84, 88-89 (KoM CCHUIKH TIPHJIATACTCS).

JaHHBIE cIOCOO MPHHAT 32 MPOTOTHI HACTOSIIETO
HU300peTeHUs COTIIacHO BapHAHTY IO IIEPBOMY IIYHKTY (DOPMYJIBI
H300peTEHU.

IIpu 3oHDMpoBanuu (OoMOapIUPOBKE) MMOBEPXHOCTHOTO
CJIOs TBEPIOrO TENa MPOHCXOAUT SMUCCHS 3aPSDKEHHBIX YaCTHIT
(971€KTPOHOB, HOHOB), HEWTPAIBHBIX JaCTHI] (ATOMOB, MOJIEKY),
doTtoHOB. MccienoBanne MOBEPXHOCTHOTO CJIOS TBEPHAOTO Tela
OCYINECTBJIAIOT IIPH €ro HeNpephlBHON 6GoMOapaupoBKe, IpH
9TOM PETUCTPUPYIOT HCXOIAINNME YKa3aHHbIE BBIIIE YACTHIEI C
Y4€TOM HX KOJIHYECTBA, SHEPreTHIeCKOTO U IMIPOCTPAHCTBEHHOIO

(yrimoB BeIxona) pacupeneneHus. OmHAaKo, YKa3aHHBIM CIIOCOO,

3AMEHSIOIINII JIACT (IIPABIIO 26)
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TP KOTOPOM OCYILECTBIIAETCS IIOCTOSHHAs M HEIpephIBHAS
OoMOapIupoBKa IMOBEPXHOCTH, O0YCIOBIMBAET HEXENaTeIIbHOE
n3MeHeHne (MOOu(UKAIIO) HCCIeIyeMOro IIOBEPXHOCTHOIO
cios. Kpome TOTo, MOCKONBKY HCCIEIOBAHUS IIPOMCXOMAT, KaK
IpaBwiio, NP (UKCHPOBAHHOM 3HAYCHWH TEMIEpPaTyphl
TBEpHOTO Tella, HUKakoh HHGoOpMalyu O TeMmIieparypax H
SHEPTUsAX (asoBEIX U  peIaKCallMOHHBIX IIEPEXONOB B
ITOBEPXHOCTHOM CIIO€ C ITOMOIIBI0 PaccMaTpHBaeMOro crocoda
HEJB3ST; €CIH XK€ HCCIeJOBAHUS IPOU3BOIATCS MPH HECKOIBKUX
3HAUYEHMAX  TeMIeparypsl  o0pasma, TO  IPOUCXOMHUT,
MHOTOKpaTHass 0oMOapIupoBKa €ro MOBEPXHOCTHOI'O CJIOS, 9TO
OpUBOJUT K  €r0  HEJAONYCTHMBIM  W3MEHEHHSIM W,
COOTBETCTBEHHO, HEZIOCTOBEPHEIM ITapaMeTpaM Nepexo10B.
W3Becren cmoco® aHamm3a  (U3HYECKHX  CBOMCTB
IOBEPXHOCTHOIO  CJOS  TBEpAOrO  TeNld,  BKIFOYAFOITHI
BO3JICHiCTBHE Ha IIOBEPXHOCTHBIH CIIOM TBepmoro Tena
HuskotemneparypHoit mrasmoit (HTII) ¢  mocmemyromieit
Jie3aKTUBalMell IIOBEPXHOCTHOIO CIIOSI U pPerHcTpalueil crekrpa
tepmomomuHecnennny; HTTI, ucnonszyemas B 3ToM crocobe
BO30y’X1aeTcs HEMOLYIUPOBAHHEIM IosieM 9acToThl 40,68 MI'1y
M HMeeT [aBleHne ItasmMoodpasyiomero rasa 0,1 wbap,
IIPOJOJDKUTENBHOCTS BO3IeCTBIS cocTaBisieT oT 10 ¢ 10 9 MuH,
cM. A.A.Kalachev, etc., «Plasma-induced thermoluminescence -
a new method of investigating supramolecular architectures and

temperature transitions in polymers and other solid surfacesy,

SAMEHSTIOIIMIA JIUCT (ITPABIIO 26)
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Applied Surface Science 70/71 (1993), p.p.295-298 (xomma
IpHIIaraeTcs).

OTO0 TEXHHYECKOE peUIeHWe IPUHATO 3a IPOTOTHII
BapHaHTa cIrocoba o TpeTheMy ITyHKTY (pOpMyJIBl M300peTeHus.

Henocrarkom YKa3aHHOTO crocoba SIBJISIETCS
Mozudumumpytomee BosaeiictBue HTII ¢ yka3aHHBIME BBIIIE
HapaMeTpaMH Ha ITOBEPXHOCTHBIN cIOH HMcciexyeMoro odpasia,
9TO OOYCIIOBIMBAET HEIOCTATOYHO JOCTOBEPHYIO HMH(POPMALIIIO
0 (GU3NYECKUX ¥ XUMHIECKHAX CBOMCTBAX 3TOro Ciiod. B mepByio
odepelb 3T0 OOYCIOBIEHO >XECTKUMH YCIOBHAMH ILIa3MEI,
MICIIOJIb30BaHHBIMHU B IIPOTOTHIIE, & IMEHHO BBICOKHM JaBICHHEM
mnasmoobpasyromiero raza (0,1 mbap) u mmarensusM (10 cex u
Gosnblie) Bo3AelicTBIEM IUTa3Mbl Ha moBepxHOCTh. O6a dakropa
IPHUBOIAT B UPEe3MEPHOMY Pa3OrpPeBY ITOBEPXHOCTHOTO CJIOS H
I‘I/I6enﬁ BO3HMKAIOIIUX aKTUBHBIX COCTOSHUM yXe B XOje
obpabotku. Hampumep, kak BHAHO W3 puc. 4 MNPOTOTHIIA,
MHTCHCUBHOCTD JIIOMHHECICHIINM, KaK IIPaBHIIO, IIagaeT C
yBelIM4eHneM BpeMeHH obOpabotku. Kpome Toro, ymoMsHyThle
JKECTKHME YCIOBHS BO3JESHCTBUS NPUBOIAT K OPYTUM (GH3HKO-
XMMHAYECKAM W3MEHEHHSM B aHAIM3HPYEMOM IIOBEPXHOCTHOM
cioe.

Kpome TOTO, B peXHMe H30TEPMHYECKOM
moMuHecrieHuuu  (cMm.  fig.3 crarem  A.AKalachev, etc.)
IIOJY4YEeHHBIE  COIJIACHO  M3BECTHOMY  CIIOCO0Y  KpHBBIE,

UJUTIOCTPUPYIOIINE 3aBUCUMOCTE (CIaM) TEPMOIIOMUHECIIEHITHH

SAMEHSTIOIIMIA JIUCT (ITPABIIO 26)
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OT BpeMeHH ¢ MoMeHTa npekpameHus Bosgeiicteua HTII na
HCCIeAyeMBIi o0pasell, He HMEIOT KaKuX-Tu00 XapaKTepHBIX
0CcOGEHHOCTEH; IO3TOMY B [JAHHOM CIOCOO€ 3a STOT IEPHON
BpPEMEHH Kakas-JIHOO IIoNe3Has HMHQOpMAlus O CTPYKType
IIOBEPXHOCTH WM  IIOBEPXHOCTHBIX  (DH3MKO-XMMHYECKUX
mpolleccax He IMONy4eHa. YKa3aHHBIE KPHBBIE WKCIIOJIB3YIOT
TOJIBKO KaK CPEJICTBO JUISL ONpeIeNeHHMs MOMEHTa I Havaia
I€3aKTHBAIME IOBEPXHOCTHOTO CJIOS TBEPAOIO Tella IIyTeM

Harpesa.

PackpeiTue u300peTeHu .

B ocHOBY HacToOAIero M300peTeHU IOIOXKEHO pEIleHHe
3a7a4M  YMEHBIICHHUsS  MOAUGHIUPYIOMEro  BO3JEHCTBHS
aKTHBHPYIOUIEr0 M3JIyHIeHUs Ha IOBEPXHOCTHBIN CIIOH TBEPIOTO
Tena, IOBEINeHHe HHYOPMATHBHOCTH M TOYHOCTH H3MEPEHHI.

CornacHo U300PETEHHIO TI0 TIEPBOMY BapHaHTY B cIocobe
aHaJIH3a QuzrgecKux w/unu XUMHYECKHX CBOMCTB
IIOBEPXHOCTHOTO  CIIOSA  TBEPAOrOo  Teja,  BKIOYAIOIIEM
BO3JIcHiCTBE HA IIOBEPXHOCTHBIM CIIOH TBEpHAOro Tenla
U3yYeHHEM B BHUJE aTOMapHOTO IIydKa W/WIH 3JIEKTPOHHOIO
IyuKa, W/AIM MOJEKYJISPHOTO IIydKa, W/MIM HOHHOIO ITyYKa,
n/win GOTOHHOTO ITy4Ka W/HNU WX KOMOMHAIHH, Je3aKTHBAIUIO
IIOBEPXHOCTHOTO CJIOSI W PErHCTPallHi0 CIEKTpa MCIIYyCKaeMBIX

IMOBCPXHOCTHBIM CJIOEM KBaHTOB OJHEPTHH, BOS,ZIGI‘;ICTBHG Ha

SAMEHSTIOIIMIA JIUCT (ITPABIIO 26)



WO 2004/025275 PCT/RU2003/000311

10

15

20

25

IIOBEPXHOCTHBIA CIIOM IIPOH3BOJAAT EAWHHYHEIM HMITYJIECOM
U3ydeHHUs, a AE3aKTUBALHIO IIOBEPXHOCTHOI'O CIIOS TBEPIOTrO
TeJa OCYIIECTBIAIOT MO OKOHYaHWW BO3JEHCTBHI Ha HEro
H3JIy9eHNeM IIyTeM BBIJEPKKH TBEPIOrO TENa MPH IIOCTOSHHON
TeMIIepaType U IOCIHENYIOIEro HarpeBa, IIPH 3TOM CIEKTP
UCITyCKAaeMBIX IIOBEPXHOCTHBIM CIIOEM TBEPJOTO TeJIa KBaHTOB
SHEePruH  PEeTUCTPUPYIOT B Ipolecce  J€3aKTHBAIlUH
IIOBEPXHOCTHOTO  CIOS, TaK YTO 3apeTUCTPHUPOBAHHBIN IIpH
IIOCTOSIHHOM TeMIlepaType CIEeKTp  HCIYCKaeMBIX KBAaHTOB
SHEPIrud JAaeT HWHGOPMAIMIO O CIa0OCBI3aHHBIX COCTOSHHAX
IIOBEPXHOCTHOT'O CIOSI U BpPEMEHH Iolypacmaja 3STHX
COCTOSIHMM, a 3aperucTpUpOBAaHHBIA IIpU HArpeBe CIEKTP
TEPMOJIOMUHECLICHIIUY IO3BOJSET CYAUTH O TEMIEPaTypax
$a30BBIX U PEaKCAITMOHHBIX IIEPEXOJI0B B IIOBEPXHOCTHOM
cloe; B BapHaHTe MO T. 2 (QOopMyJIsl H300peTEHUS HMILYIIbC
U3Iy4eHHUS, HNeUCTBYIONMH Ha MCCIEAYEMYIO IIOBEPXHOCTD,
MMeeT MOIIHOCTE OT 107 bi(o) 10 Br/cm>.

Peamuzanus  OTIHMYUTENBHBIX  NPU3HAKOB  IIEPBOIO
BapuaHTa crnocoba oOyCIIOBIMBAaeT IIOSBJICHUE Y OOBEKTa
BA)XXHOTO HOBOTO CBOMCTBa - MCKIIOUEHHE HEOOXOAUMOCTH
SMUTHPOBAHUS HCCIIEyeMBIM ITOBEPXHOCTHEIM CIoeM o0pasia
aTOMOB, 3JIEKTPOHOB, UOHOB U T.H., T.€. T€X YaCTHUI[, KOTOPHIMHI
OCYIIIECTBIIIOT IIOCTOSHHYIO OOMOapIHUpOBKY MOBEPXHOCTHOTO
CJIOsl TBEPAOIO Tela B TEYEHUE BCETO BpPEMEHH pEerucTpaluu

DIIEMEHTapHBIX  YacTWIl.  brmaromaps  Bo3melcTBHIO  Ha

SAMEHSTIOIIMIA JIUCT (ITPABIIO 26)
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IIOBEPXHOCTHBIN CJIOW TBEPAOIrO Tela €AMHUYHBIM HMILYJIHCOM
U3IY4YeHHsT MaJOM MOITHOCTH, IIOCIEAYIOUIel e3aKTHBAIIHN
IIOBEPXHOCTHOTO CJIOS W PErHCTpaIidl HCITyCKAeMBIX KBAHTOB
3HEepruu (CBETOBOH) TOCIE OKOHYaHHS OOMOapAHpOBKU
IIOBEPXHOCTHOT'O CIIOsI 3HAYUTEIBHO CHIDKAeTCs
MOMUQUITHpPYIOIee BO3AEHCTBHE W3IIyYSHMS, IOBBIIIACTCS
TOYHOCTB ¥ JOCTOBEPHOCTH PE3YIBTATOB H3MEPEHHIH.

CornacHo m300peTeHNI0 IO BTOPOMY BapHaHTY CIiocoba
(m.3 dopMmynsl u300peTeHHs) B Cliocobe aHanm3a (GU3MYECKUX
W/AIH XUMHYIECKHX CBOWCTB IOBEPXHOCTHOIO CJIIOS TBEPIOrO
TeNa, BKIIOYAIOIIEM BO3JCHCTBHE HA IOBEPXHOCTHEIN CIOLf
TBEPAOro Tejla HU3KOTEMIIEPATYPHOH IIIa3MOM ¢ ITOCIEOYIOIeH
J€3aKTHBaIell IOBEPXHOCTHOI'O CIIOS U PerucTpallieil crekTpa
TEPMOJIIOMUHECIICHLIUY, HCIONB3YIOT  HU3KOTEMIIEPaTypPHYIO
IIa3My ¢ IaBjieHHeM IutazMoobpasyromiero rasa ot 0,04 mo 0,08
mbap B Teuenme ot 0,05 1m0 5 ¢, PErHCTPHPYIOT CHEKTPHI
U3y4eHHs IIpH IIOCTOSHHOM TemriepaType o0pasma u IO
KpPUBEIM, HWILTFOCTPUPYIOIIAM cuag H30TepMUYECKOM
JIOMHUHECLICHIIMM C MOMEHTa IpeKpalleHHus BO3AeHCTBIA
HU3KOTEMIIEPATypHOH  IUIasMbl Ha  oOpasel, IOJy4YaioT
TOIONHUTENBHYI0  HHQOPMAUI0 0  (QHU3HKO-XMMHUYECKHX
peakuusXx B IIOBEPXHOCTHOM  CJI0O€  TBEPAOro  Teja.
IIpu peanuzanumn BTOPOTO BapHaHTa criocoba
IIPEANOYTUTENBHO HCIIOIb30BaHNAE ITUIA3MBI ¢ BKIIAAbIBAEMON B

065BeM MomHOoCTEIO oT 107 10 107 Br/ca’.
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Hapsgy ¢ HeMOAyIHpOBaHHBIM BBICOKOYACTOTHBIM TIOJIEM
(106-1012 I'm), BO3OYXaromumM IIasMy, B CIoco0e II0 JTaHHOMY
U300PETeHHIO MOTYT OBITH MCIIOJB30BAHEl Pa3pPs bl IIOCTOSIHHOTO
TOKa, HH3KOYACTOTHBIE paspsasl (1-10° I'T) # BEICOKOYACTOTHBIE
paspsagel  MOAYIMpOBaHHBIE  HHU3KOM  wacToToil.  Moryt
WCIIOJIE30BaThCS TaKXKe HUMITYJIBCHBIE pa3psansl c
IPOJO/DKUTENIBHOCTAMY HMMILyJIbCa U HPOMEXKYTKa MEXIy
pMITyTbcaMy B quamasore 107°-10% cek. Kpome Toro, B ciocobe
0 JAHHOMY H300peTeHHI0 IPEeoyCMOTpPEeHa BO3MOXKHOCTD
U3MEHEHHs [IOTeHIMala MeXIy JepkareiieM o0pasma u
ITa3MOH.

Pasnuynple THOBI [Ia3M  IPUBOAAT K Pa3IHMYHBIM
IIOTHOCTSAM BO3HHUKAIONINX JIEOMUHECIIEHTHBIX MTOBEPXHOCTHBIX
IIEHTPOB, K BapbUpPOBAHMUIO THIOB OTUX LEHTPOB M HX
pacrpeneneHuss IO TIyOWHE IIOBEPXHOCTHOTO CIIOS, T.€.
HCIIOJIb30BAHNUE YKa3aHHBIX pa3IMYHBIX THIIOB Pa3psilioB HIH
MOOBIX MX KOMOMHAIMHN pacIipseT BO3MOXHOCTH TEXHOIOTHH 1
II03BOJISIET PACIIUPUTh KIIACC aHAIU3UPYEMbIX 00BEKTOB.

Peamusanysgs  OTIMYUTENBHBIX  IPHU3HAKOB  BTOPOTO
BapHaHTa crnocoba ofecriedrBaeT CYHOIECTBEHHOE CHIDKEHUE
Moxuduimpytomero BosaeifictBus HTII Ha IOBEpXHOCTHEIHA
cioii TBepmoro Texa. Kpome Toro, ImpH IpeioKeHHOM
CHIDKEHHM  JaBJIeHUS  IUlasMoo0pasyromiero  rasa, H
OJIHOBPEMEHHO c STUM YMEHBIIICHUHN SKCIIO3UIIUH

ITOBEPXHOCTHOT'O CJIOA o6pa311a HCOXUIaHHO BO3HHK HOBBIﬁ,

3AMEHSIOIINII JIACT (IIPABIIO 26)
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IOBOJIGHO I1apafOKCalbHEIH 3PQEKT, KOTOPEI COCTOUT B TOM,
YT0 B PEXKUME M30TEPMUYECKON JIFOMHUHECICHIIUH KpPHBEHIE,
WUTIOCTPUPYIOIIHEe ee chmax C MOMEHTa MpeKpaleHus
BoszelictBusl HTII Ha oOpasen, mpuobOperaroT XapaKTepHBIE
0COOGHHOCTH, Aaoue HHPOPMAIMIO O (DHU3MKO-XHMHYECKHX
peakiuaxX B MOBEPXHOCTHOM CJIO€ TBEpPAOTO Teja, KOoTopas He
Moryia 65ITh noydena npu napametpax HTTI, mcmons30BaHHBIX
B IIPOTOTHIIE.

3asBUTENEM HE BBIABICHBI HCTOYHHKH, COAEpIKAIIHE
UHQOPMAIIMIO O TEXHWYECKUX  PEHICHHAX, HICHTHYHBIX
HaCTOSIIEMY H300pEeTEeHHIO, YTO ITO3BOJISIET CENATh BEIBOI O €T0
COOTBETCTBUM KpHUTEPHUIO «HOBH3HAY (N).

3asgBUTEeNleM He OOHapyXeHBl KaKue-THOO HCTOUHUKU
HHGOPMaIHUY, CONEpXKAIliie CBEIEHUs O BIMSHHH 3asBJICHHBIX
OTIIMYMTEIbHBIX NPU3HAKOB HAa IOCTHTaeMEIM BCIEACTBHE HX
peanmMsallid TEXHWYECKWH pe3yiaspTar. OTO, II0 MHEHHIO
3adBUTENs, CBHAETENBCTBYET O  COOTBETCTBHH  JAHHOIO
TEXHHYECKOIO  DPELICHHS  KPUTEPHIO  «U300peTaTelbCKHii

yposeHs» (IS).

Kpatkoe ommcanue ueprexeit

3asgBIeHHBIA  cmoco0  (BapuWaHTH)  MLIFOCTPUPYETCS

YepTexaMy, Ha KOTOPEIX H300paKeHO:

SAMEHSTIOIIMIA JIUCT (ITPABIIO 26)
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Ha ¢ur. 1 - GioK-cxeMa ycTpoMCTBa IIs peau3aldd JaHHOTO
crocofa;

Ha (ur. 2 - CIEKTp HCIYCKAaeMBIX IIOBEDPXHOCTHEIM CJIOEM
o0paslia KBaHTOB CBeTa IIPU IIOCTOSHHOM TeMIEpaType IIOcle
BO3/€HCTBHA aTOMapHOro Iryuka (mpumep 1);

Ha ¢ur. 3 - CHEKTp IIPH BO3NEUCTBMM aTOMAPHOIO Iyuka HpH
Harpese (mpumep 1);

Ha GHUr. 4 - CIEKTp HCIyCKaeMBIX IIOBEPXHOCTHBIM CJIOEM
00pasia KBaHTOB CBETa IPU IIOCTOSHHOM TeMIEpaType IIOcIe
BO3EHCTBHUS aTOMapHOTO ITyuKa (pumep 2);

Ha Gur. 5 - COEKTp NP BO3NEHCTBHH ATOMApHOro Iy4ka IIpH
Harpese (mpumep 2);

Ha ¢ur. 6 - CIIEKTp HCIYCKAaeMbBIX ITOBEPXHOCTHBIM CJIOEM
o0pasia KBaHTOB CBeTa IPK IIOCTOSHHOM TeMIepaType Iocle
BO3JICHCTBYS 3JIEKTPOHHOTO ITy4Ka (rprmMep 3);

Ha Qur. 7 - CeKTp NpH BO3AEHCTBHN 3JIEKTPOHHOIO IydKa HpH
Harpese (mpumep 3);

Ha ¢ur. 8 - CIEKTp HCIIyCKAaeMbIX MOBEPXHOCTHEIM CIIOEM
o0pasiia KBaHTOB CBEeTa IIPH IIOCTOSHHOW TeMIeparype IIocie
BO3JEUCTBUS MOJIEKYIIIPHOTO IyuKka (mprumep 3);

Ha Qur.9 - CeKTp IpHu Bo3zeHCTBHM MOJEKYISPHOTO MyduKa IPH
Harpese (mipumep 3);

Ha (ur.10 - CIeKTp HCIIyCKaeMBIX NOBEPXHOCTHEIM CIIOEM
o0pasiia KBaHTOB CBeTa IPH IIOCTOSIHHOM TeMIepaType IHocie

BO3JIEHCTBHA HOHHOTO ITyuKa (mpumep 3);

SAMEHSTIOIIMIA JIUCT (ITPABIIO 26)
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Ha ¢wur.ll - cmexTp mpm BO3IEHCTBUM HMOHHOIO IyYKa IpH
Harpese (pumep 3);

Ha ¢ur.l2 - CHeKTp HCIyCKaeMBIX MOBEPXHOCTHEIM CIIOEM
oOpaslla KBaHTOB CBeTa IPH IIOCTOSHHOM TeMIleparype IIOcie
BO3JIEHCTBUA POTOHHOTO Iyuka (mpumep 3);

Ha ¢ur.13 - cnekTp npu Bo3meHCTBHE (DOTOHHOIO IMyYKa IPH
Harpese (mpumep 3);

Ha (ur.14 - CHEKTp HCIYCKaeMBIX IIOBEPXHOCTHEIM CIIOEM
o0pa3lia KBaHTOB CBETa MPHU HAIPEBE IIOCIE II0CIEeN0BATEILHOTO
BO3/IEHCTBYS aTOMapHOIO,  3JIEKTPOHHOI'O, MOJIEKYJIAPHOTO,
HOHHOTO ¥ (POTOHHOT'O Iy4KOB (mipumMep 4);

Ha ¢ur.15 - CHeKTp HCIyCKaeMbIX MOBEPXHOCTHBIM CIIOEM
oOpaslia KBaHTOB CBETa IIPU HarpeBe IOCIE HOCTIEN0BATEIHLHOTO
BO3/IEHCTBHS 3JIEKTPOHHOI0, MOJIEKYJISIPHOTO U MOHHOTO ITy4KOB
(mpumep 5);

Ha Our.16 - CIEKTp HCIyCKaeMbIX I[TOBEPXHOCTHBIM CIOEM
o0pasia KBaHTOB CBETa NP HAIPEBE IIOCIE IOCIENOBATENIHLHOTO
BO3ZEHCTBUSA 3JIEKTPOHHOTO, (JOTOHHOTO M  HMOHHOTO IIYYKOB
(mprmep 6);

Ha ¢ur.l7 - CHeKTp HCIIyCKaeMBIX I[IOBEPXHOCTHHIM CIIOEM
obpaslia KBaHTOB CBETa IIPU HArpeBe IOCIE MOCIIEN0BATENEHOIO
BO3EHCTBUA aTOMapHOIO U MOHHOTO IIy4KoB (pumep 7);

Ha ¢ur.18 - cHexTp HCIyCKaeMBIX IIOBEPXHOCTHEIM CIIOEM
oOpaslia KBaHTOB CBEeTa IPH IIOCTOSHHON TEMIIEpPaType IOCIe

BozericTBus HTTI (mpumep 8);
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Ha ¢ur.19 - cmextp npu Bo3peiicteuu HTII mpu Harpese
(pumep 8);

Ha ¢ur.20 - criekTp mpu obiryueHnu obpasia o npumepy 8 HTII
C mapaMeTpaMi, OIMCAaHHBIMHU B IIPOTOTHIIE;

Ha ¢ur.2] - CHeKTp MCIyCKaeMbIX IIOBEPXHOCTHBIM CIIOEM
oOpa3ma KBaHTOB CBeTa IIPK IIOCTOSHHOI TeMIlepaType IIocie
Boszaeiicteus HTII (mpumep 9);

Ha ¢ur.22 - crextp npu Bosgedicreuum HTII mpu Harpese

(mpumep 9).

Jlydiauii BapraHT OCYIIECTBICHUS N300peTeHrs

Jis peanuzanuy crocoba B KOHKPETHOM IIPUMEPE CIIYXKUT
YCTPOMCTBO, KOTOpOE BKIIIOYAeT BaKyyMHYI0 Kamepy 1,
BEITIONTHEHHYI0O W3  HEpXaBelolleld  cTany, CHa0XEeHHYIO
OIITHYECKUM OKHOM 2, BHIIIOJHEHHBIM U3 ONITUYECKOro KBapla. B
BaKyyMHOM Kamepe | pacmoiioxeH Jepikareias oOpasia,
BEITTOTHEHHBIN B BUAE eMKOCTH 3 u3 Memu. Ha ee mapyxHOM
IIOBEPXHOCTH 3aKpeIUIeH HCcienyeMblii obpasery 4 TBepmoro
Tesna. B XoHKpeTHOM mpuMepe obpazell 4 3aKpeIuieH ¢ MTOMOIIBIO
IPYyKMHHBIX KoJell (Ha uepTeke He IOoKasaHbl). EMKoCTh 3
3aKpBITa KPBILKOHA 5 ¢ OTBepCcTHEM 6 Ui Mojauy XJagareHTa, B
YaCTHOCTH, JXKUAKOro asora. BHyTpu emxoctu 3  pasmeleH
HarpeBaTelb 7, a Ha €e Hapy>XHOH ITOBEpXHOCTH yCTaHOBJIEHA

XpoMenb-ajlloMeNeBas TepMmonapa 8. YCTpOHCTBO  Takke
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BKIIIOYAeT TeHeparop 9, WM3IyYaloUHi 3JIeKTPOMAarHUTHEIE
Konebanms ¢ uactoroi 16MI L. Onextpon 10 remeparopa 9
pacIojio)XeH B BakyymMHOM Xamepe 1. Muammmarop 11
SJICKTPHYECKOT0 paspsna IPeCTaBIsIeT 000 BEICOKOBOILTHRIM
TpaHc(OpMaTop; IpH 3aMBIKAHHH-DA3MBIKAHMA IEPBUYHOI
OOMOTKH OH BBIIae€T CO BTOPHYHON OOGMOTKH HMITYJIBCEI
HanmpspkeHneM 20 kB, xoTopele momarorcs Ha anexkTpon 12,
PacloNoKeHHEI B BakyyMHOR kamepe 1. JIMTeNbHOCTE
QNIEKTPHIECKOr0 paspsfa 3aJaeTcsi ¢ IOMOINBIO TaiiMepa (Ha
yepTexe He mokasaH). Jlatumk 13 HH3KOro BakyyMa THIA
«bapoTpoH» pasMellleH Ha Hapy»KHOH IIOBEPXHOCTH BAaKyyMHOMH
Kamepsl 1 1 coobimaercs ¢ ee momocTeio. BakyyMuas xamepa 1
cHa0)XkeHa MarucTpanbio 14 s cosmaHds B Hell BakyyMma IO
1-107 MM.PT.CT., & TAKXK€ MArucTpaibio 15 mis momauy raszos B
BaKyyMHYI0O KaMmepy. B KOHKpeTHOM mpuMepe HCIIONL30BaH
BOJIOPOZ, HO BO3MOXKHO HCIIONB30BaHME KHUCIOPOHa, a30Ta,
HHEPTHBIX Ta30B W JIp. YCTPOWCTBO CONEPXXHUT CPEICTBO
perucTpanyy IonyJaeMol MHQOpPMAaIMH, KOTOPOE BKIIOYAET
KomIbptoTep 16 ¢ MommTopoM u Onok 17 compsxeHHA
KoMmIbioTepa 16 ¢ munol 18 c6opa mamusix. Biok 17 comepsuT
aHanoro-uuQpposoit  mpeobpaszoBarens  Tmma — AD-7858,
muKponporeccop ADZ080 1 MCTOYHUK MUTAIOIIUX HAIPSKEHUH
AL TIEMEHTOB YCTPOWCTBa, KOTOpEIE IIOAaroTcs Ha muHy 19, Ha
muHy 19 moparorcs wepes 610k 17 KOMaHIBI YIpaBIeHHS OT

KoMIsroTepa 16.
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Ycrpolicto  comepkur  O6moxk 20 GopMHpOBaHHS
aTOMapHOIO H/HIM MOJEKYISPHOrO0, H/WIH HOHHOTO, H/WIiH
BJIEKTPOHHOTO, W/HIH (POTOHHOro IyukoB. Biok 20 comepKuT
aTOMH3aTOp C 3JIEMEHTOM (DOPMHPOBAHHUS Y3KOHAIPABIECHHOTO
IIy9Ka, B BUJIe COBOKYITHOCTH KallWIJIIPOB ¢ AuameTpoM 20 MKM,
cucteMy (pOPMHPOBAHMS MOJIEKYJISPHOIO ITyYKa, BKIFOYAIOMIYIO
Maructpank 21 mud mojmaum rasa W DIEMEHT B BHIE
COBOKYIIHOCTH KAalMIUIAPOB TAKOTO XK€ IHaMeTpa, HOHHYIO
IIyIKyY, SICKTPOHHYIO IYIIKY M PTyTHYO Jamity Tumna JJPIII-100
Ans $opMupoBaHHS (OTOHHOrO Iydka. Biok 20 comep)uT
CPENCTBO JUIS CO3MAHMA EJUHUYHBIX HMIIYJECOB YKa3aHHEIX
IIy4KOB: KJIaIlaHbI, 3alMparolye SJIeKTPOIbl H T.II. BBIXOnHas
MarucTpainb 22 Gioka 20 BEIBe/eHa B BaKyyMHYIO Kamepy 1.
YcrpodictB0O B pacCMaTpHBaeMOM — YacTHOM  ciIydae,
HUJUTIOCTPUPYIOIIEM pealld3alliio Crocoba, TakkKe CHa0XeHO
CpPEeACTBOM aHalW3a II0 JIHMHAM BOJH KBAaHTOB CBETa,
H3JLy9aeMBIX ITOBEPXHOCTHBIM CJIOEM obpasua 4, KoTOpoe
COIEPKUT MOHOXpoMarop 23 tuma MJIP-3, x BBEIXOAy KOTOPOTro
NONKIIOYeH (oToymHOKHTENs 24 THma ODY-68 (BMecTo
MOHOXpPOMAaTOpa B YaCTHBIX CIy4asX MOXKHO HCIIOJIB30BaTh
CBETOQWIBTPEI). MoHOXpoMarop 23 CONpSKEH C ONTHYECKHM
OKHOM 2, KOTOpOEe HMEeT CO CTOPOHBI BaKyyMHOW Kamephl 1
SKpaH 25 Iy OTCedeHHs M3Ny4eHWs W3 BaKyyMHOW KaMepsl,
KOTOPOE MOIJIO OBl BEI3BATH IFOMUHECLIEHIMIO MaTeprana OKHa 2

Uy HapyiieHwe (QyHKIUH JeTeKTopa B XOJe aKTHBAHOHHOMN
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obpabotku (Hampumep, «ociemneHue» D®IY). Kpome Toro,
YCTPOHCTBO CHAOXXEHO AATYMKOM 26 BBICOKOIO BaKyyMa THIIA
IIMHM-2, ycTaHOBIEHHBIM Ha Hapy)XHOH  IIOBEPXHOCTU
BaKyyMHOH kamepsl | M cooOmarmomuMcs ¢ €€ IIOJIOCTBIO.
VYcTpofcTBO TakkKe COAESPIKUT JOMOIHUTENBHYIO eMKOCTb 27 NI
XJIalareHTa, CHa0XKeHHYIO KpBIIKOH 28 ¢ oTBepcTheM 29 mis
mojayn  XjajareHra. EMkocTe 27 yCTaHOBJIEHA BHYTPH
BaKyyMHOM KaMeps! 1.

Croco6 o myHKTY 1 QopMynsl n300peTeHHUs peaan3yroT
CIIeTyFOIAM 00pa3zoM.

Obpazeny 4 3aKkpeIusIIOT Ha JAepkarene obdpaslia B BUAEC
eMKOCTH 3 ¥ IIOMEINAl0T B BaKyyMHYIO kKamepy 1; U3 BaKyyMHOM
KaMepbl 1 OTKauWBalOT BO3AYX depe3 Maructpainb 14 1o
OCTaTOYHOIO JIaBleHMs B BaKyyMHOII kamepe He Ooiee, ueM
1-107 mm.pr.cr. JlaBlueHHe KOHTPONHPYEICS HATIMKOM 26
BBHICOKOIO BakyyMma. 3aTeM JOIONHUTENbHass eMKOoCTb 27
3aIlONHAEeTCS XJIaJareHTOM, IPM D5TOM Ha €€ IIOBepXHOCTHU
aZIcopOUPYIOTCS OCTATOYHEIE T'a3hl M Taphbl BoAbl [Ipu moMormu
9KpaHa 25 ONTHYECKOE OKHO 2 OTCEKaloT OT HU3IY4YeHHUSI H3
BaKyyMHOI KaMephl. 3aTeM, U3 KommbioTepa 16 uepes Gmok 17
no mmHe 19 momaror HeoOxoauMble KoMmaHIBl Ha Oiox 20
(bOopMHPOBaHUS aTOMAPHOTO W/WIM MOJEKYJIIPHOro, W/ HiIH
WMOHHOTO, W/WIM 3JIeKTPOHHOTO, W/WiIH (OTOHHOTO IIyIKOB H
IIPOM3BOJAT BO3ACHCTBHE HA IIOBEPXHOCTHHIH cioif obpasma

COANHHUYHBIM HMITYJIECOM Kaxoro-i6o IIydKa, 00
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IIOCTICMOBATENBHO  €IMHUYHBIMU  HMIIYJIbCAMH  Pa3IHYHBIX
IIy4ukoB. g co3naHMs aTOMapHOTO M MOJEKYJSPHOTO ITyYKOB
no marucrpamd 21 B 6mox 20 hopMHUpOBaHUSA MYYKOB IOLAIOT
ras, B KOHKPETHOM IIpuMepe Bojopoj. CymMmapHas MOIIHOCTH
M3JIyYCHUS HA EIMHHILY IUIOINALH HCCIeIyeMOMH ITOBEPXHOCTH
HaXOIWUTCS B Ipemeliax OT 107 ,ZIOV 102 Br/cM®. Tlo okOHYAHHH
BO3JICHCTBAS M3JIyYeHHEM TBEPJOE TeNO BBIIEPKHUBAIOT IIPU
IIOCTOSIHHOM TeMIIEpaType U 3alUCHIBAIOT CHEKTP MCIYCKAEeMBIX
IIOBEPXHOCTHBIM CJIOEM TBEPAOIrO Tejla KBAaHTOB SHEPTHH, B
9aCTHOCTH, CBeTa. I 3alucyu W aHamu3a KBAaHTOB IIO IMHAM
BOJIH HCHOJB3YIOT MOHOXpoMarop 23 u (GOoTOyMHOXHUTENb 24,
BBIXOJHOW CHTHAJ KOTOPOro IIOCTyIaeT Ha ImmHy 18 c6opa
JaHHBIX M jpanee 4yepe3 Oimox 17 B kommbioTep 16. 3ateM B
KOHKPETHOM IpUMepe IPOM3BOJIAT HarpeB oOpasua 4
HarpesareneM 7, OCyLIEeCTBIAs KOHTPOIb TeMIIEPATyphl 00pasia
TepMOIapoii 8; BO3MOXKHO B YAaCTHBIX CIIYYasdX HCIOIb30BAHIE
APYTHX CPEZCTB KOHTPOJIS TeMIlepaTypsl. CHIHAJbBI ¢ TEPMOIaphl
8 u or doroymHONXHTENs 24 mocTynaT Ha muHY 18 cGopa
JAaHHBIX M dYepe3 Omox 17 B maMmaTh KoMmmeroTepa 16 s
Imocneayromeit o0paboTKH.

B mpumepe 1 wucciemoBanmocs  BosmeiicTBHe  Ha
TIOBEPXHOCTHBIN CIIOW MONUITUICHA HU3KOTO IABICHHS MApPKH
MOPLEN  (M,=114000),  3akpucCTaLIM30BaHHOTO  IpH
TEMIIepaType, OIU3KOM K TeMIepaType IUTaBlIeHNs, H3IydeHH s B

BHUIC CIUHHUYHOTO HMILyJIbCa aToOMapHoOro IIy4yka BOIOpOIA.
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MomHOCTs U3Ty4eHus, ACHCTBOBABINAs Ha €AUHUILY IUIOIIAIH
mcclemyeMol  moBepxHOCTH, coctaBmia  2:10°  Br/em’.
3aperucTpupOBaHHBIN CIIEKTP HCIYCKAeMbIX MOBEPXHOCTHBIM
ClIoeM TONHMITHIeHa KBAaHTOB DHEPIrHHM IIPH IIOCTOSHHOU
TemIieparype oTobpaxaercs rpadpukom Ha ¢ur.2. Ha rpaduxe
BUAHBl JIBAa MAaKCHMyMa, KOTOpEle MJalOT HHGOPMAIIoO O
caboCBA3aHHBIX COCTOSHUSX ITOBEPXHOCTHOTO CJIOS JIaHHOT'O
MaTepualla M BpPEMEHHM Ioiypachama 3TUX cocTosHui. Ilpu
Harpese Marepuana perucTpupoBacs CIIEKTp
tepMmomtomunecteHimu (¢ur.3). IlonoxeHne MakCHMyMOB Ha
rpaduke TO3BOJSIET CYAUTh O TeMIeparypax ¢as3oBBIX U
peNaKkcalliOHHBIX  IIePeXOJ0B B  IIOBEPXHOCTHOM  CJIO€
yccIeyeMoro oopasra.

B npumepe 2 wucciemoBaics obpaszel] H3 3aKaleHHOI'O
IIOJMSTHIEHA TOHM K€ MapKé IpU TeX K€ YCIOBUSIX, YTO U B
npumMepe 1. CroekTpbl HCIyCKaeMBIX ITOBEPXHOCTHBIM CIIOEM
KBaHTOB CBeTa OToOpaxeHsl Ha ¢ur.d (mpu IOCTOSHHOM
TeMmIeparype) 1 Ha ¢ur.5 (B mporecce Harpesa).

CormocTaBieHe CIEKTPOB HCITyCKaeMbIX KBAaHTOB CBETa
OJJHUM U TeM K€ MaTepHajoM, HO IPUTOTOBIEHHEIM Pa3IHIHEIM
o0pa3oM, IIO3BOJSIET BEHISBUTH CYIISCTBEHHYIO pasHHUIY B
CBOMCTBaX IIOBEPXHOCTHOT'O CJIOS MaTepHaia.

B mpumepe 3 wmccnemoBaics 3aKalieHHBIH oOpasen u3
nosmmaTieHa Mapku MOPLEN (M,,=114000). OcymiecTBIsIoch

IIOCIIEIOBATENIGHO BO3JCHCTBUME HAa IIOBEPXHOCTHBIM  ClIOH
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o0pasia €IMHWYHBIMM . HMITYJIBCAMH  CIIENYIOMUX IIy9IKOB:
3NIEKTPOHHOI'0,  MOJEKYJISIPHOrO,  HOHHOrO,  (hOTOHHOrO;
COOTBETCTBCHHO, IOCIIE0BATENFHO PETHCTPHUPOBAINCH CIIEKTPHI
HCITyCKaeMbIX KBAaHTOB CBETA KaK IIPH IIOCTOSIHHON TeMIeparype,
TaK ¥ B porecce Harpesa (fur. 6 m 7, 8 m 9, 10 m 11, 12 u 13,
cooTBeTCTBEHHO). CyMMapHas MOIIHOCTh W3IydYeHHI Ha
€IUHHUIYYy IOBEPXHOCTH YETHIPEX YKA3aHHBIX BBIIIE €IMHAYHBIX
uMIyIscoB cocTamma 107 Br/em®. Kaxsii Bun U3JLy4YEHUs
BO3MYIIAeT  ONpEJeNeHHbIEe, CclOemuduyYeckue JUisi  HEro
COCTOSTHHS IIOBEPXHOCTHOIO Cl10si 00pasiia; 3To 1M03BOILeT Oolee
ITOJTHO ¥ TOYHO CYIHUTH O Pa3IUYHBIX GU3NUECKHX U XUMHYECKUAX
CBOMCTBaX IIOBEPXHOCTHOTO oSl (TemmeparypaX (a3oBBIX U
PEJIaKCAITHOHHBIX  IIEPEXOJIOB, DSHEPTHAX AaKTHBAIMH 3THUX
IIEpeX0JI0B,  BpeMeHaX  Ioiypacmajga  ClIabOCBI3aHHBIX
IIOBEPXHOCTHBIX ~ COCTOSHMM, IPOTEKaHWH IOBEPXHOCTHBIX
XUMHUYECKHX PEaKIUi U UX IOpAIKe, U T.]I.)

it 3TOTO  HMCIONB3YIOTCS H3BECTHBIE 3aBHCHMOCTH,
TIO3BOJIAIOIINE OCYIECTBUTh IEPEXOA OT CIEKTPOB H3IYUEHHs
KBaHTOB CBETa K CBOWCTBAM IIOBEPXHOCTHOT'O CJIOS TBEPIOrO
Tena. Hampumep, Hambomee BakHBIM mapameTp - SHEPIHIO
aKTHBALlY PENaKCallMOHHOTO Iiepexona (Fp) MOXHO HaXOIUTh
U3 COOTHOIIICHHS:

RT?
E — max
Perr
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rze R - ra3oBas IMOCTOSHHAS,

T’ - TtemmepaTypa BBICOKOTEMIIEPATYPHOHU CTOPOHBI
MaKCHMyMa, TIJie HMHTEHCHBHOCTb JIOMHHECIEHIIUY MagaeT
BIIBOE.

Twax - TEMIEpaTypa BEICOKOTEMIIEPATYPHON CTOPOHEI

MaKCUMyMa, rae MHTEHCHUBHOCTH JIFOMHUHECIIEHIIUI
MaKCHMaJIbHa.
ITopsmox XAMHYECKOMH peaxIum, BBI3LIBAIOIIEH

H30TEPMHUYECKYIO  JIOMHMHECLEHIHIO,  ONPENeNSIOT  IIyTeM
Ipeo0pa3oBaHusl CIEKTPOB, COOTBETCTBYIOIIMX MCIYyCKAHHIO
KBAaHTOB CBeTa IPH IIOCTOSHHON TeMIeparype B CHCTEME
koopzauHat: Inl - t, rne I - WHTEHCHBHOCTS JTIOMUHECIIEHINN, t -
BpeMs, a TaKkXe B chcTeMe koopauHaT: I - 1/, Ecmm
3aBUCHMOCTh JIHHEHHAasd B IIEPBOM ClIydae, TO XHMUYEcKas
peaKuus uMeeT NMEepBEIA Hmopsafok (pacmax). Ecnm 3aBHCHMOCTE
JIUHeHHAs BO BTOPOM CIly4ae, TO XHMHYECKas PEeaKIys HMeeT
BTOPO#i IIOPANOK (peKxoMOuHaITHS).

B mpumepe 4 wucciemoBaock cyMMapHOe BO3IEiCTBHE
IOCJIGAOBATENBHOIO  OOMydYEHHS] eNHHHYHBIME HMMIIYJIECAMA
aTOMapHOI0,  3JIEKTPOHHOIO, MOJEKYJISSPHOIO, HOHHOIO W
(GOTOHHOTO MyYKOB HA IOBEPXHOCTHBIH CIOH MONMATHICHA
HU3KOro  fasneHuss  Mmapku  MOPLEN  (M,=114000),
3aKPUCTAIIM30BaHHOTO  TIPH TeMmieparype, ONM3KOM K
TemIeparype miasienus. CyMMapHas MOIIHOCTE H3JIy4eHMs Ha

eIUHHITYy IIOBEPXHOCTH 06pasia cocraBmia 5-107 BricM>. Ilpu
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Harpese Marepuaa PETUCTPUPOBATICS CIIEKTp
TEPMOJIOMUHECIICHITHH (¢ur.14). Crnextp COZIEPXKHUT
MHOXKECTBEHHBIC ITHKH, KOTOpBIE IIO3BOJIIIOT CYOHTH O
TEMIIEpaTypax M DJHEPrusX  penakcamuu  (a3oBbIX W
penaKcauoHHbIX IepexonoB. OH oTiaMyaeTcss OT CHEKTPOB
TEPMOJIOMUHECIIEHIIVH, 3aPETHCTPUPOBAHHEIX IPH BO3IeHCTBHH
Ha TakoW xe oOpasel, eIWHUYHBIX WMIIYJIBCOB OTAEIBHBIX
u3aydenuil. Kaxnpiii BUx 00nyue s BOSMYINAET ONpeieieHHbIE
crenM(UYIecKre Uil HEero COCTOSHHS ITOBEPXHOCTHOI'O CIIOS
oOpasua. CocTOsIHHS, yXe IpeABapUTEIBHO BO30YXKICHHBIE
KakiM-TO  OJHMM  OOIydeHHeM, UHa4ye pearupyioT Ha
BO3JIEHCTBHE Jpyroro oOJydeHHS, YTO IIO3BOJSIET JejaTh
BBIBOAEI O IIOBEACHHMH IIOBEPXHOCTHOIO CJIOS B Clydae
KOMOMHMPOBAaHHOI'O BO3JEHCTBHUS, YTO YACTO PEATM3YeTCs IPH
HICIIOJIb30BAHUH BBICOKHX TEXHOJIOTHIA.

B mpumepe 5 mccrenoBanock CyMMapHOE BO3NEHCTBHE
IOCIIEOBATEIFHOTO  OOMy4eHUS eIUHWIHBIMUA —HMMITYJIbCAMH
9JIEKTPOHHOI'O, MOJIEKYJIAPHOTO H HOHHOI'O IIy4KOB Ha
IOBEPXHOCTHBIA CIIOH TakuM e 00pa3oM MPHIOTOBIEHHOIO
o0pa3na ITONMHATHIEHA HHU3KOI'O JABIEHUS Mapku MOPLEN
(My=114000). CymmapHasi MOLIHOCTH H3IYYEHHS HA €IUHHILY
IIOBEpXHOCTH 0o6pasua coctaBmia 3,7-107 sr\em’. IIpu Harpese

MaTCpHalia PETHCTPUPOBAJIICA CIICKTP TEPMOIIOMUHECHEHIIUHT

(¢ur.15).
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B mpumepe 6 mccmenoBanochk cymMMmapHOe Bo3zeiicTBHe
IIOCTIEIOBATENEHOIO  OONy4eHMS ENMHUYHBIMHA  HMITYJIBCAMH
DIEKTPOHHOTO,  (DOTOHHOTO M  HOHHOIO  IyY4KOB  HA
TIOBEPXHOCTHEIA CJIIOH TakuM e o0pa3oM IPHUTOTOBIEHHOIO
obpasila NONUSTHIEHa HU3KOro japieHns Mmapka MOPLEN
(M,;=114000). CymmapHasi MOIIHOCTH H3JIyYeHHS Ha €IUHHUITY
IOBEPXHOCTH 06pasna cocrapmia 3,2-107 Briem?. IIpn marpese
MaTepualla PeruCTPUPOBANCS CIEKTP TEePMOIOMUHECHEHINN
(¢ur.16).

B mpumepe 7 MCCIENOBAIOCH CyMMAapHOE BO3LEICTBHE
IIOCTIEHOBATELHOTO  OONIYy4eHHsI EAWHHYHBIMH HMITYJIECAMU
aTOMapHOr0 ¥ MOHHOTO IIyYKOB Ha MMOBEPXHOCTHBIN CIIOH TaKuM
’Ke 06pa3oM IPUTOTOBIEHHOTO 06pasua MOJHITHIICHA HU3KOTO
maBneHus wmapka  MOPLEN  (M,=114000). Cymmapuas
MOIITHOCTh H3JIyYE€HHs Ha ENUHHILy IIOBepPXHOCTH o00pasia
cocramna  2,5-10°  Br\em* IIpu HarpeBe MaTepuana
PETHCTPUPOBAIICS CIIEKTP TepMOIIFOMUHECIIeHIHH (¢ur.17).

CpaBHenue CIEKTPOB TEPMOITIOMUHECIIEHITIH,
3apEeruCTPUPOBAHHBIX OT 00pa3lioB, IPHUTOTOBIEHHBEIX B
OMHAKOBBIX YCJOBHAX, HO IIOJBEPrHYTEIX BO3IEHCTBHIO
IOCIEIOBATENbHEIM OONMyYeHHEM eqUHWYHBEIMA  MMITyIbCaMU
BJIEKTPOHHOTO, ()OTOHHOIO, MOJNEKYISIPHOTO, AaTOMapHOIO U
HOHHOTO IIyYKOB B pPa3NIUYHBIX KOMOMHAIMMAX, IIO3BOJISET
ClenaTh BBIBOA O XapakTepe BO30YXXHEHUS IOBEPXHOCTHBIX

>

COCTOSIHMA B KaXXIOM IIpuMepe. Ilo mnonoxeHHIO IIHMKOB
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OLICHUBAIOT TEMIIEPATYPhl W JHEPIeTHYECKHE XapaKTePUCTUKA
(a30BEIX M pENAKCAIMOHHBIX IEPEXOOB, IIPOMCXOASIIEX IpPHU
Pa3sMOpaXUBaHUHX MOABHKHOCTH BO30YKIEHHOMN TOBEPXHOCTH.

Cmoco6 mo mynkty 3 ¢opmyist m300pereHus (BTOpoi
BapHaHT) OCYIIECTBILIIOT CICSAYIOLUINM 00pa3oM.

Obpazer; 4 3akpelufiOT Ha Aepxareie obpasla B BHIE
eMKOCTH 3 ¥ IOMEIIAIOT B BaKYYMHYIO KaMepy 1; U3 BakyyMHOM
KamMepbl 1 OTKayWBalOT BO3AYX depe3 Maructpanb 14 1o
OCTaTOYHOTO JIaBJICHUS B BAKyyMHOI KaMmepe He Oojee, yem 1-10°
7 MM.PT.CT. JlaBlieHuEe KOHTPONUPYETCS JATYHMKOM 26 BBICOKOTO
BaKkyyMa. 3aTeM JOIONHHUTENIbHAS €MKOCTh 27 3aIloNHSIeTCS
XJIaZlaTeHTOM, P 3TOM Ha €€ IIOBEPXHOCTH aACOpOHpYIOTCS
OCTAaTOYHBIE Ta3bl M Mapbl BOALL 3aTeM, [0 Marucrpaid 15 B
kamepy 1 moparotr ras (Bomopoxn) Ko maBieHus B kamepe 1 - 0,1
MM.pT.CT. JlaBneHue B kamepe 1 KoHTpommpyercs maTaukoM 13
HHU3KOI'O BakyyMma. BkimrouaroT reHepatop 9, cHaG)XeHHBIH
onexrpogoM 10, a Tarxe wuHHIMarop 11 anekTpEYeckoro
paspsifa, CHaGXeHHBIH osimekTpomoM 12, Iocie 3aKuraHms
paspsina B Kamepe uHHIMATOp 11 BRIKMIOUaeTcs, a remeparop 9
IONZCPXKUBACT paspsAl B TEUCHHE 3aIaHHOIO C IIOMOIIBIO
TaliMepa BpeMeHH B Ipezernax ot 0,05 cek 10 5 cek ¢ maBieHueM
mwasmMoobpasyromiero rasza or 0,04 mo 0,08 Mbap. 3amuceiBaror
CIIEKTP HCITyCKaeMBIX MOBEPXHOCTHBIM CIOEM 00paslia KBaHTOB
SHepruy (cBeTa) NIpH NOCTOSHHOW Temmeparype. JIs samucu

CIICKTPOB HCIIOJIB3YIOT MOHOXpOMaTop 23 u (OTOYMHOXXHTENID
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24, cdrHan oT KOTOpOro MOCTYIaeT Ha MuHY 18 cGopa JaHHEIX,
najee uepe3 Onok 17 B kommbiotep 16. 3areM mpousBoasAT
HarpeB o0pasua 4 HarpesareNeM 7 ¢ KOHTPOJEM TeMIEPaTypHI
obpasua TepMomapoif 8. CHrHamEI ¢ TepMomapsl 8 H OT
(hoToyMHOXHTENA 24 MOCTYNAIOT Ha IMHY 18 cOopa JaHHBIX U
depe3 Onok 17 compskeHus B maMsTh KoMmmbioTepa 16 s
moceAymoeii 0opaboTKH.

B npumepe 8 wuccimemoBanock BosmeiictBue HTII Ha
IIOBEPXHOCTHBIA ¢lIo¥ moMunodopa mapku K11. Mcnonp3osana
HIIT ¢ napnenuweM mnasmooOpasyromero rasa 0,04 mbap ¢
BKJIaJIIBAEMOil B ee 06beM MOITHOCTEIO 2:107 BT/cM® B Teuenue
0,05 cek. PerucTpHpoBaiiCh ClIEKTPE H3IyIeHNs KBAHTOB CBETA
Ipu MOCTOSHHOW TeMieparype obpasua (bur.18) m B pexume
TepMomoMuHecteHuuu (¢ur.19). Meronsr 06paboTku CIIEKTPOB
TC XK€ CaMBle, YTO U B BBIIEYKa3aHHBIX mpumepax. OTMedeHO
MUHUMAIIEHOE MOIH(HIHUpPYIOmIee BO3ACHCTBHE WM3IydeHHs Ha
IIOBEPXHOCTHEIH 0¥ oGpasua. ITapamerpsr HTTI o6yciosmnu
IIOSIBJICHAE SABHO BBIPOXEHHOM OCOGEHHOCTH CIIEKTpa yXkKe B
CaMOM Hadvalle PErUCTPAlMy JIOMHHECHCHINH [pH HOCTOSHHOM
TEeMIIEpaType, 4TO0 He HAaOIOAANTOCh IpH 06IyYeHHM O6pasua
TOro e camoro Marepuana (B mopsnke koutpons) HIIT c
I1apaMeTpamMH, ONIMCaHHBIMU B IpoToTHIIe ((ur.20).

B npumepe 9 wucmomszopama HTII ¢  nmasienuem
WwasMoobpasyromero rasa 0,06 mBap B Teuenme 4,5 cexk.

OGmyuancs ofpasen; u3 mommsTumena wmapku MOPLEN
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(My=114000), 3aKpHCTAIUIH30BaHHOTO IIPU  TEMIEPAType
Onm3koif k Temmeparype IuiaBieHus, CHEKTp H3IydYeHHs
KBAaHTOB CB€Ta IIPH IOCTOSHHON TeMIleparype IpHUBEIEH Ha

¢ur.21, npu Harpese - Ha ¢ur.22.

IIpoMBbITeHHAs IPUMEHHMOCTb

IIpennoxxenssi crocod (BapHaHTB) OCYINECTBISAETCS C
IIOMOIIBI0  000PYZOBaHMA, M3TOTOBIAEMOIO B  3aBOICKHX
YCIIOBHAX C HCIOJB30BAHHEM MW3BECTHBIX MaTEpHAIOB U
KOMIUIEKTYIOIUX  HU3CIIH. IIo MHEHHIO 3asBUTEIIA,
H300pETEHHE  COOTBETCTBYET KPUTEPHIO  «IIPOMBIILICHHAS

npuMeHuMOocTEY (IA).
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OOPMYJIA N30BPETEHUS

1. Crioco6 amamiza QU3MUSCKUX W/HIH XUMHYECKHX
CBOMCTB IIOBEPXHOCTHOTO CJOS TBEPHOrO Tela, BKIFOYAFOLIMH
BO3JeiicTBie Ha IIOBEPXHOCTHBIM CJIOH TBEpHOro  Tela
M3JIydyeHNeM B BHIE aTOMApHOTO IIydKa H/WIM DJEKTPOHHOIO
IIy4YKa, W/WIH MOJEKYJSIPHOTO ITydKa, H/MIX HOHHOrO IIydYKa,
u/mimi GOTOHHOTO MydYKa W/WIH UX KOMOMHAIUH, e3aKTHBALIHIO
TIOBEPXHOCTHOTO CJIOS H PETUCTPAIMIO CIEKTPa HCITyCKaeMBIX
ITOBEPXHOCTHBIM CJIOEM KBAHTOB SHEPTUU, O TA U Y a0 [ U ¥ C 5
TE€M, YTO BO3JACUCTBUE HA IIOBEPXHOCTHBIA CIOM IPOU3BOMAT
SOUHNYHBIM  HWMITyJBCOM  HM3JIY4eHHs, a JIe3aKTHBAIUIO
IIOBEPXHOCTHOIO CJIOS TBEPAOrO Tella OCYMIECTBILIIOT II0
OKOHYAHHUK BO3/IEHMCTBUS Ha HErO M3JIyUeHHEM ITyTeM BBIASPKKH
TBEPJIOTO TeJla IPH IIOCTOSHHOU TeMIlepaType U IIOCIIEXYIOIIEero
HarpeBa, IIpH 53TOM CIIEKTP MCIIyCKaeMBIX ITOBEPXHOCTHEIM
CIOEM  TBEPAOTO Tela KBAaHTOB DHEPIMM PErHCTPHPYIOT B
TpoIrecce Je3aKTHBAIMA TMOBEPXHOCTHOTO  CNOS, TaK dYTO
3aperHCTPUPOBAHHBIM IIPH IOCTOSHHOM TeMIiepaType CIIEKTp
UCI[yCKAaEMbIX KBAaHTOB OJHEPIrUU [aeT HWHGOPMAIMIO O
cabOCBI3aHHBIX COCTOSHHSIX MIOBEPXHOCTHOIO CJIOS M BpEMEHH
Hojypaclafia 3THX COCTOSHUM, a 3aperHCTPHPOBAaHHBIA IIpH

Harpe€B€ CIEKTIp TEPMOIIOMHHECHECHIIMH IIO3BOJACT CYIHUTH O
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TeMmeparypax ¢a3oBBIX U PpeTaKCalMOHHBIX IIEPEXONOB B
IIOBEPXHOCTHOM CIIOE.

2. Chnocobmoml.,oTIHYIa O UHCA TEM, YTO
UMITYJIbC ~ M3IIy4eHMs, JeWCTBYIOIMM Ha  HCCIELYyEeMYIO
TI0BEPXHOCTH, IMeeT MOIHOCTH 0T 107 110 107 Br/eM’.

3. Croco0 aHanmu3a (DU3HYECKUX W/WIA XUMHYECKHX
CBOMCTB IMMOBEPXHOCTHOI'O CIIOSI TBEPJOrO Teia, BKIIOYAIOIIMA
BO3JleliCTBME HAa IIOBEPXHOCTHBIM CJOH TBEPHOro  Teja
HU3KOTeMIIepaTypHO IuTa3Moi ¢ IOCIexyomell Ae3aKTHBaIueH
TIOBEPXHOCTHOT'O CIIOsI u perucTpanyei CIIEKTpa
TEPMOJIIOMUHECIICHIINY, O T 1 ¥ 9 @ IO Il U ¥ C 1 TeM, YTO
HCIIOJIB3YIOT HHU3KOTEMIIEpaTypHYIO IUIasMy C JaBJICHUEM
mwrazMoobpasyromero rasa ot 0,04 no 0,08 mbap B TeueHue oT
0,05 mo 5 c, perucTpUpyrOT CHEKTPhl U3IYyYEHHs IIpU
MIOCTOSHHOIM ~ Temmeparype ofpasna © = IO KpPHBEIM,
WLTIOCTPUPYIOIIAM CIIa)] M30TePMHUYECKOM IJIIOMUHECLEHIUH C
MOMEHTa TpEeKpalieHus BO3JEHCTBUSI HU3KOTEMIIEpATypHOU
IIa3MBl Ha 00pasell, MONIy4daioT JOIOTHATEIBHYI0 HHPOPMALHIO
0 (UBHKO-XMMUYECKNX PEaKIHUsIX B TOBEPXHOCTHOM CIIO€

TBEPAOro Teja.
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