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(57) Hacrosimee wu300peTeHre OTHOCHTCS K Cpel-
CTBaM KOHTPOJS 3a MPEANOKAPHBIMH CHUTYaIHSIMH,
BO3HMKAIOIINMH B PE3Y/IBTATE JIOKAIBHBIX IIEPETPEBOB
3NMEKTPOOOOPYAOBAHUS, U IPEAHAZHAYCHO IS IPEy-
MIPEXICHUS TTO’KapOB, BOSHUKAIOIINX U3-32 HEHCIIPaB-
HOCTEH AIIEKTPOIPOBOKH, B YACTHOCTH HEHCIIPABHO-
CTeH B 2JEKTPOYCTAHOBOYHEIX ycTpoicTBax. Cucre-
Ma COCTOWT U3 Fa30BOTO AATYNKA, COSANHEHHOTO C pe-
THCTPATOpPOM, KOTOPBIM MOIKIIOYEH K CHCTEME Moja-
YH CHTHAJA, ¥ TTOJMMEPHOTO CHINTOTO KOMITO3HIINOH-
HOTO MaTepHaia, HAHOCHMOTO Ha CKJIIOHHBIE K Harpe-
BY YYaCTKH 3JIEKTPHUYECKON LETIH, IMEIOIIETO TeMIIe-
parypy BckpriTHs B tuanazoHe 80-200°C u comepika-
IIET0 BHYTPH JIETKOKHUIISIIEE BEIIECTBO, KOTOPOE JIeT-
KO JICTEKTHPYETCS BBIIICYIIOMSHYTHIM Ta30BbIM JaT-
qUKOM. TEXHHYECKUM PE3YIbTaTOM 3asBICHHOTO pe-
IIEHUS SIBISIETCS MOBBIIICHHE BEPOSTHOCTH OOHapy-
YKEHMSI IPEATNIOKAPHON CUTYallul Ha PaHHEW CTaIuH.
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CHUCTEMA JUISI CHTHAJIM3AIIAHA O HPEIIIOKAPHOM
CHTYAIINNA

O0aacTb TeXHHUKH H300peTeHHs

HacTosimee wu300peTeHHe OTHOCHTCA K CpeICTBaM KOHTPOJIsS 32
NPEANOXXAPHBIMA CHUTYallUsSMH, BO3HUKAIOIIMMU B pe3ylbTaTe JIOKAIbHBIX
TIepEerpeBOB  DIIEKTPOOOOPYNOBaHUS M MOXET OBITh HCIONB30BAHO  JUIA
IpenynpexIeHnss  [MOXapoB,  BO3HMKAIOMX  M3-3a  HEHCIPABHOCTEH
3IIEKTPONPOBOJAKH.

YpoBeHb TEXHHKH

Ha cerognsammuuii nes 6onee 20% Bcex mMoxapoB BO3HHUKAET IO NMPHYUHE
HapylueHuil B paboTe 311eKTpooOOpyaOBaHUA U IEKTPUUSCKUX YCTpOoHcTB. Yame
BCET0 BO3ropaHHe BO3HHUKAET B 00JIaCTH ANEKTPHIECKUX KOHTAKTOB.

Onuum u3 Hanboiee 3¢ HeKTUBHBIX METOI0B 6OPBHOBI C IIOKAPaMH ABJIIETCS
pacro3HaBaHHE MPEIIOKAPHBIX CUTyalii. MHOrHe CUCTEMBI A OOHAPYKEHHS
TaKHX CHTYyalldil OCHOBAaHbI HAa KOHTPOJIE COCTaBa I'a30BOM CPE/bl, B Y4CTHOCTH Ha
aHaJiM3e COJIEpXKAHWS T'a30B, BHIACIAIONIMXCS HAa HAYaJIbHOW CTaOUM TOPEHUA
(TeHuA).

Bomopox (Hz) - OCHOBHOM KOMIIOHEHT BBIACISEMBIX ra3oB Ha CTaJdH
TIEHUS B pe3y/bTare MHPOJIH3a MAaTePUANIOB, UCIIONB3YEMBIX B CTPOHTEIIBCTBE,
TaKMX KaK JpEBECHHa, TeKCTWJIb, CHHTETHYECKHe MaTepuaibl. Ha HavanbHOH
CTaZiMH 10Xapa, B IIpoLiecce TIEHNs, KOHIEHTpalus Bogopoaa cocrasiseT 0,001-
0,002%. B panpHedmeM NPOHCXOAUT POCT COACPKAHHS apOMAaTUYECKUX
YIJIEBOAOPOAOB Ha hOHE IPUCYTCTBHSA HENOOKUCIIEHHOTO YIIepo/ia B BUIE OKCH/A
yrnepona (CO) — 0,002-0,008% (06. % B Bozmyxe) [1].

DKCIEpHUMEHTHI TIOKa3ald, YTO IOPOT OOHApyXeHHs CHCTEMBI DaHHEero
TIpeaynpexAeHHs N0Xapa B aTMOCQEPHOM BO3/lyXe NP HOPMANBHEIX YCIOBHSX
NOJDKEH HAaXOMUThCS AJI GONBINMHCTBA ra30B, B TOM YMCIIE BOJOPOAa U OKCHAA

yriaeposia, Ha yposae 0,002%. IIpu 3TOM XKenaTenbHO, YTOOBI OBICTPOACHCTBHE
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cucreMbl ObuTo He Xyxke 10 c. Takoit BBHIBOI MOXHO paccMaTpuBaTh Kak

OCHOBOIIOJIATAMOIIMI IS  pa3pabOTOK MeJoro psjga Mpeaynpexaaroliux

TI0’KaPHBIX a30BBIX CUTHANN3ATOPOB [1].

OnHako, KaK yKa3aHO BBIIIE, KOHLEHTpAlUM a3000pa3HBIX MPOLYKTOB

TCPMHYCCKOro pas3jioxEHHA, o6pa3y10nmxcx Ha CTaguHd TICHHA, OYUCHb

He3HAYHUTEILHEL M3-3a 3TOr0 BCE CHCTEMBI BHISBJICHUS NPEAIIOXKAPHBIX CHTyaHPIﬁ,

OCHOBaHHBEIE HAa OOHApPYXEHHH TaKHX HMPOXYKTOB B BO3IyXe, 00NafaloT psAAOM

00ILIMX HETOCTATKOB:

1.

Hcnonp30BaHKe TaKMX CHCTEM BO3MOXHO TOJBKO Ha 00BEKTax ¢ Majof
CTENEHBIO BEHTUIIMPYEMOCTH.

Hns ob6uapyxenus Hu3kux koHneHTpammd CO u H; Heobxomumo
HCII0Jb30BaTh BBICOKOTOYHBIE CEIEKTHUBHbIe MeToasl. IIpy 3TOM rasosrnle
CEHCOPHI HE MOTYT 00ecrednTh TpeOyeMol CelleKTUBHOCTH, a YCTPOMCTBA,
OCHOBaHHBEIE HA CIEKTPOMETPHUYECKHUX H3MEPEHMAX, 00JIafaloT BBICOKOH
CTOHMMOCTBIO H CJIOXKHEI B 0OCITY)KHBaHHUU.

IToCKOJIBKY MOABIICHUE CTOJIb MAJIBIX KOHIIEHTPALWH IPOAYKTOB FOPEHHUS B
BO3IyXe MOXET IIPOM30WTH HE TOJIBKO B pe3yibTaTe BO3TOpaHud,
yBEIHYEHHE YyBCTBUTEIBHOCTH HICTEKTHPYIOIIMX CHCTEM IPUBOAMUT K
YBEIMYEHHIO KONUYECTBa JIOXKHBIX cpabaThiBanui. Tak, Hampumep, cpasy
Tocnie TOSBJIEHMS IUIAMEHHM, KOHIeHTpauwus auokcuna yriaepoia (CO»)
Bo3pacTaert 710 0,1%, 4To ¢ OZHOM CTOPOHBI COOTBETCTBYET Cropanuio 40-50
I JpeBecHHB MM OyMard B 3aKpBHITOM IOMEINEHHH oObeMoM 60 M, ¢
Jpyroil CTOpOHBI 3KBHBaleHTHO 10 BBIKYpEeHHBIM cHuraperaMm. TakoH
ypoBerb CO; focTuraeTcs Takxe B pe3yJibTaTe NPUCYTCTBHSA B HOMEIICHHH
IBYX YenoBek B TedeHue 1 4 [1].

ITockonbKy  MHTEHCHBHOE  BEIJIEJIeHHEe  IPOAYKTOB  TEePMHYECKOIo
pa3NoXKEHHs HAYMHAETCS TOJNBKO TPH BBICOKMX Temmepatypax (> 250 °C),
T.e. HE3aJOJIF0 [0 IIOSBIEHMS IUIAMEHH, TaKue CHCTEMBI HE IO3BOJIAIOT

BBISIBJIATEH OIIACHBIC CUTYallMH Ha paHHUX CTadUAX.
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Tax, wu3BecTeH cnoco® [AMArHOCTUKM NPEAMOKAPHONH CHUTYyallHH M
[peJOTBpallleHNs]  BO3HHKHOBEHHUS  IOXapa, BKIIOYAIONMH  H3MepeHHe
WHTEHCUBHOCTH MOHOXPOMAaTHYE€CKOT0 M3IY4YEHUs, UCIIyCKAEMOr0 MMILYJIbCHBIM
UCTOYHHUKOM Ha 4YacTOTE €ro IOIJIOIEHHA HPOAYKTAMH TEPMOAECTPYKLUHU
MIECHTAUQHIMPYEMBIX MaTE€pUalloOB, U BbIpaOOTKY YIPaBISIOLIEro CUrHaja Ha
nojayy MOXXapHOW TPEBOTM INpH IPEBBIIIEHWM 3HAYCHHH KOHLEHTpalUil HX
JIOITyCTUMEIX BEJTHYHH [2].

K HepmoctaTkaM HM3BECTHOro cmoco0a MOXHO OTHECTH €ro HEBBICOKYIO
HAJIe)XHOCTb, OOJNBIIYI0 BEPOSTHOCTh JIOXKHBIX cpabaThiBaHWM, a Takxe
HeJIOCTaTOYHO paHHee 0OHapYKEeHHe BO3TOpaHuii, 4To 00yCIOBIEHO BEIpabOTKON
YIpaBIgIOmero curHana 0e3 ydera CKOPOCTH HapacTaHUs KOHLIEHTpPALMHU H
OLICHKOW TMOXKapOOIacHOW CHUTyallud II0 KOHUEHTPaUUsAM HEAOCTaTOYHOI'O
KOJIMYECTBAa KOHTPOJIIUPYEMBIX I'a30BbIX KOMIIOHEHTOB.

H3BecTHB cmoco6 W YCTpOWCTBO AN OOHapyXEHHS IpPEeANOKAPHOM
CHTyalld¥, OCHOBaHHble Ha WHQPAKpPacHOM CIEKTPOCKOMUHU. Y CTPOHCTBO
COLHEPXHUT OINTHYECKH CONpPSDKEHHBIE MCTOYHMK M IIPUEMHHK H3JIy4YeHHS,
CBSI3aHHBIM C TIEPBBIM YCHJIMTENEM, H cxeMy o0paboTKH, KOTOpas COAEPKHUT JBa
NpUEMHUKA U3Ty4YeHHsI, BTOPOH M TPETHHl yCHIIUTENH, KOTOPLIE BMECTE C IIEPBBIM
YCHUIIUTEJIEM 4Yepe3 COOTBETCTBYIOIIHE ONOKH [OIYCTHMBIX KOHIIEHTpalHi
IOXAPOOMACHEIX ~ KOMIIOHEHTOB  COEJMHEHBI C  aHAIOro-IHGpPOBHIM
npeoOpa3oBaresieM, BBIXOJ KOTOPOro IOJACOEAMHEH Yepe3 MHKPOIIPOLIECCOp U
G pOaHATIOTOBEI Mpeobpa3oBaTens K 00Ky CUTHAIM3AlMHU, [IPH 3TOM BTOpOU
BBIXOJI MHKPOIIPOLIECCOpa IOIKIIOYeH K MoHHTOpy. OHO npeqHasHa4eHO Iis
oOHApyXeHHMS IPOAYKTOB TEPMHUYECKOTO  Pa3lOKEHUs  PasHOOOPasHbIX
OPTraHMYECKMX MAaTepUalioB, 0Opa3yIomMXCs 0] BO3NEHCTBUEM HELITATHOTO
HCTOYHHMKA TEILIA, KOTOPBIH MOXXET BO3HHKaTh, B YaCTHOCTH, B pe3yJbTaTe
HCKPEHHMS MM KOPOTKOTO 3aMBIKaHHS B 3JIEKTPOKOMMY TALIHOHHOM 000pY IOBaHUH
[31].

HenoctarkoM HU3BECTHOTO TEXHHYECKOI'O PEIICHUA SIBIAIOTCA TO, YTO OHO
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pearupyer Ha TOSBIEHHE ra30B U AbIMa, COMYyTCTBYIOIIMX Y>K€ HA4daBIIEMYCS
BO3TCOPAHHIO, T.€. [I0JIa€T CUTHANI HEMOCPEACTBEHHO B MOMEHT Haualla BO3TOpaHus
WM yXKe TI0CIIe HETO.

UsBecTen  cmoco0  AMArHOCTHKM  NPEANIOXKAPHOW  CHUTyallud U
IIpEIOTBpAIEHHsT BO3HMKHOBEHHsS II0XKapa, BKIIOYAIOIMIMHM H3MEpEHHE IIpH
IOMOINM Vy3Jla JaTYMKOB WHGOPMATUBHBIX IIapaMeTpOB: KOHLIEHTPALH
razoo6pa3HbIXx HPOAYKTOB TEPMOICCTPYKIMH B Bo3ayxe, a iMeHHO CO, CO;,, NOy
HCl, oxucnutene#i, apiMa, a TaKKe TEeMIIEpaTyphl, H3MEpPEHHE BpPEMEHHU
3arasAbIBaHUs CUTHAIA OT KaXJAO0ro M3 JaTYHKOB C HCIMOJIB30BAaHHEM HUMHUTATOpA
BO3rOpaHHUs, Ope/ielieHre 3HaYCHUH NIPOU3BOAHBIX 3aBUCUMOCTEH HU3MEHEHHS OT
BpeMeHH HHOOPMATHBHBIX IApaMETPOB, M3MEPEHHBIX KaXIBIM JaTYMKOM,
BBIPAaGOTKY YIIPaBIIAIOIIEro CUrHala Ha NMojady [MOKapHO! TPEBOIM M BO3MOXHOE
IPH 3TOM BKJIIOYEHHE CPEICTB MOXKAPOTYIIECHHS ¥ BRIKIIOYEHHE JIEKTPOIUTAHUSA
B pe3y/bTaTe aHalM3a MOXXKapOOMAaCHOCTH Ha OCHOBE M3MEPEHHBIX, IO KpaiiHen
Mepe, @pH T[OMOIIM JBYX JAaTYMKOB HHOOPMATHUBHBIX IIapaMETPOB,
OTIMYAIOIIMHACA TEM, YTO J[JOIOJHHTENRHO B KadecTBe HHGPOPMaTHBHBIX
napameTpoB usMepsroT koHuenTpamuu Hy, CHi, NH3, O, Clp, H,S, SO2, HCOH,
C¢HsOH, BoccTanoButeneii, Bo BpemeHHOM uHTepBaie 0,1-60 ¢ onpenensror am
KaXJoM 3aBHCHMMOCTH MH(OPMATUBHBIX I1ApaMETPOB OT BPEMEHH, IO KpaWHEH
Mepe, ONHO 3Ha4YeHHe IPOM3BOAHOMN, ONpPEAENAIOT INpPHBENCHHOE 3HAYCHHE
Ka)XIO0Tr0 M3 M3MEPEeHHBIX HHPOPMATUBHBIX [IapaMETPOB KaK BEIHYHHY, PaBHYIO
TNPOU3BEEHUIO 3HAYEHHUS IPOU3BONHOM Ha COOTBETCTBYIOIIEE KAXKIOMY AATIUKY
BpEM 3ala3bIBaHUs, M OCYIIECTBIAIOT BRIPaOOTKY YIPABIAIOIIEr0 CUTHANIA IPH
[PEBBILICHAN IOIYCTUMBIX BEJIMYMH NpPUBEICHHBIMH  3HAYCHUAMH
MHQOPMATHBHBIX [APAMETPOB, ONPEAETICHHBIMU MO M3MEPEHHSM, [0 KpaiHeH
Mepe, IBYX OAaTYHKOB, IMPHYEM BpeMs 3alla3bIBaHMs CHIHANa IEPHOMMYECKH
M3MEPSIOT KaK BEJMYHUHY BPEMEHHOT'O HHTEPBAja MEXIY MOMEHTaMH BKIIFOUSHHSA
VIMUTaTOPa BO3TOPaHHS M JOCTIDKEHUS MAKCHMAJbHOTO 3HAa4Y€HHs CUTHAla OT

Jaryuka [4].
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W3BecTHBIH CTIOCO0 OrpaHUYEHHO MPUMEHHM B IIUPOKOM HCIOJIB30BAHUH
U3-32 CJIOXHOCTH H3MEPEHWH KOHIEHTpalMii Tra3000pa3HBIX I[POLYKTOB
TEPMOJECTPYKIIMM B BO3AyXe, WHEPIHMOHHOCTH 3aMEpOB M HEOOXOAMMOCTH
IPUMEHEHHUS JOPOTOCTOAIIETO 000pyAOBaHUS.

H3BecCTHO yCTPOMCTBO KOHTPOJISL TapaMeTPOB ra30BOM Cpefbl, CoAepKalee
ra3oBble JaTYHMKH, aHAJOTOBYIO H3MEPHUTENBbHYIO 4acTb, MHUKPOIIPOLIECCOPHBIN
MOJIYJIb JUIS YIpaBJICHUS peXHMaMH paboThl CEHCOPOB, NEPBUYHOM 00paboTKH
JaHHBIX M3MEPEHHH M HX XpaHEHHA, a TaKKe CXeMy IHMTaHUs ceHcopa H
YCTPOHCTBa B IIEJIOM, OTJIHMYAIOLIEECs TEM, YTO B COCTaB JJIEKTPOHHOM CXEMBI
YCTPOMCTBA HHTETPUPOBAH MPOrpaMMHO-AIapaTHLI HHTepdenc A Nepenadu
TAHHBIX 1 KOMaH[ 110 OECIIPOBOAHBIM CETSM, a AJITOPUTM IPOBEACHUN U3MEPEHUH
U [epeAayyl JaHHBIX ONITUMU3HAPOBAH C 1I€IbI0 aBTOHOMHOM paboThl yCTpoHCTBa
0e3 3aMeHbI 3JIEMEHTOB TUTAHUS B TeUEHHE MeXXKaIHOpoBoYHOro HHTEepBana. [Ipu
3TOM YCTPOMCTBO MOXET MHCIIONb30BAThC B KayeCTBE IPEATIOKAPHOTO
H3BelaTeNs M1 KOHTPOJIS XMMHUYECKOrO COCTaBa BO3[yXa, B YaCTHOCTH, I
omnpeaenenus copepxanus CO u H [5].

HemocTaTrkoM HW3BECTHOIO YCTpPOWMCTBA SBISETCS BO3MOXHOCTB JIOKHBIX
cpabaTbiBaHWH TIpH OOHApPYXXEHUH IPEANOXKAPHBIX CHTyalli, a TaKKe HH3Kas
HAJEeXHOCTh paboTBI B  Mpoliecce  IKCIUIyaTallMd  M3-32  BBICOKOM
YyBCTBUTEIIFHOCTH K IIOMEXAM.

Heckonpko HHOM MOAXOM K pacmo3HaBaHUIO IPEANOKAPHBIX CHUTYaldi
OIIMCBHIBAETCS B MATEHTHOM JOKyMeHTe [6], rfie pacKphIBacTCs yCTPOHCTBO IS
paHHero oOHapy)XeHHs IeperpeBa B TPYAHOLOCTYNHBIX MECTaX JNEKTPUIECKOro
U MeXaHH4YecKoro oOopydoBaHHs, KOTOpPO€ OCHOBAaHO Ha HCIOJB30BaHUH
repMETH3MPOBAHHOr0 B  TEpPMOIUIaBKOH  KOMIO3WLMH  opopanra 1,
YCTaHOBIIEHHOTO BO3IIEe TEIUIOTeHEPHPYIOIIEH feTanu ycTpolcTsa 2, 1J1si KOTOPOTo
OCYILECTBIAETCA KOHTPOIB Neperpesa. Hibke 1o TedeHuUIo rasa oT 3Toro 010paHTa
ycTaHOBNeH naruuk 3amaxa 3 (cM. Fig. 1). B kadecte onmopanta 1 Moryr

HCIIOJIB30BATECA MHKPOKAIICYJIbI TepMOHJIaBKOﬁ KOMIIO3UIIHH, COJCpXKallnue
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apoMaru3aTopbsl. Taxke MOXXKHO HCIOIB30BaThb apOMAaTHU3aTOPHI, CMEIIAHHEBIE C
BOCKOM WJIM HHBEIMM XXUPHBIMH KucioTamu. JlanHoe yCTpOHCTBO pacCMaTpHBAeTCs
aBTOpaMH H300peTeHMs B KadecTBe Haubosee ONHU3KOro aHajaora HM3BECTHOIO
YPOBHS TEXHHUKHU (TIPOTOTHUIIA).

HemocTaTkoM peleHHsl, M3BECTHOTO U3 [6], SBIAETCS HCIOJIL30BaHUE
TEPMOILIABKHX MoMMepoB. [Ipu pasorpeBe TEIUIOTEHEPUPYIOLIEH JE€TallN BhIIIE
TEMIIEpATYpHI Pa3MATYCHHUS HITH TUIaBJICHUS TEPMOILIABKOTO ITOJIHMMEPa BO3ZMOXKHO
€ro OTCJIOSHHE WM CTEeKaHWe Ha YacTH BJIEKTPOOOOPYAOBaHHMs, HAIpUMEDP, Ha
U30JIALUIO MTPOBOAKH, HApyIIEeHHe KOTOPOH MOXKET NPHBECTH K KOPOTKOMY
3aMbIKaHui0. KpoMe Toro, B OIMMCaHuK NATEHTHOTO JOKYMEHTA [6] yKa3bIBaeTcs,
YTO BBIACJEHHE OJOpaHTa W3 IPeAJaracéMbIX IOJMMEPHBEIX KOMIIO3HLIUM
IIPOMCXOJHUT BCJEICTBUE IUIABJICHUS MarepHaia. JTO OOCTOSTENLCTBO MOXET
COIPOBOXKIAThCSA HEONArompUATHBIMU JUIA 3JIEKTPUKH MOCICACTBHSAMM, TaKUMH
KaK IeHooOpa3oBaHUe W pa3OpbI3rMBaHUE ITOJMMEPHON MacChl BBIAEIAIOIIAMCS
razoM. [lomagaHue ropsueil BCIEHEHHOM MAcChl, Kalellb [T0JMMepa M paciijiaBa
nojdMepa,  CTEKAalomero ¢  HAaKIeWKH Ha  COCEAHHE  KOHTAKTEHI,
3IEKTPOOOOPYIOBaHHE, BEHTHIATOPHI, JATYAKH  MOXET MpPUBECTH B
HEHMCIIPaBHOCTH WM XK€ BOCITIAMEHEHHIO.

KpoMe TOro, s perucTpaliid INpPEANOXapHbIX CUTyallud OIHHM W3
Haubolee 3HAUMMBIX KPHTEPUEB SIBISETCA CKOPOCTh CpabaTBIBaHMA CHCTEMEI B
nenoM. JIsg 3TOro ras JOJDKEH BBIAETATHCS B 3HAYUTENBHOM KOJHYECTBE IPH
JOCTHIKEHHH KPUTHYECKOH TEMIIEpPaTyphl H OBICTPO PacIpeeisaThCs M0 00beMYy.
BckpeITHe mop, IPOUCXOAsINee BCIECACTBHE IUIABJIEHUs MonuMmepa B [6], MoxeT
CONMPOBOXAATECA IIEPEX0JOM ONOPaHTa B TEPMOIUIABKYI0 KOMIIO3HLHIO
(HanmpuMep, pacTBOpEeHKe) WIM CO37aBaTh IEHHBIA cioi. IIpu aToM mcmapeHue
rasa ¢ IIOBEPXHOCTH OyAeT IPOTeKaTh MeJICHHO M He OyneT NMPUBOAWTE K

pa3oBOMYy Iepexoay OCHOBHOTO KOoJIMJeCTBa rasa, 3aKJIlOYCHHOI'O B H3JICJIMU B

ra3oByIo Qa3sy.
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Onncanue n3o0perenus
Ilensio M300peTeHus SBISETCS IOBEHIINIEHHE BEPOSTHOCTH OOHApY>XeHHS
TpeIIOXKAPHON CHTyallMid Ha paHHeH CTaiMd W MUHMMU3AIMs KOJIUYECTBa

JIOKHBIX CpabaThIBaHUM.

Cucrema CUTHaNIM3alMU O IPEANOXapHOM CUTyallMl COCTOUT U3 ra30BOr0
JaT4vKa, COEOHUHEHHOTO C PETHCTPATOPOM, KOTOPbI MOAKIIOYEH K CHCTEMeE
MOJA4M CUTHAJIa, 1 HAHOCUMOTO Ha CKIIOHHBIE K HarpeBY YYaCTKH dJIEKTPHYECKOM
IENH IOJUMEPHOTO KOMIIO3UIIMOHHOTO MaTepHualia, HUMEIOIIero TeMIepaTypy
BCKphITUA B quana3oHe 8§0-200 °C u coxepkalnero HenpepbIBHYIO ¢a3y, KoTopas
o0pa3oBaHa TEPMOPEAKTHBHBIM IMOJMMEPOM, W  3aKIIOUYEHHOE BHYTPH
HenpepsIBHOW (a3pl JIETKOKHUIIAIIEe BEIIECTBO, KOTOPOE JETKO AETEKTUPYIOTCA
BBIIIEYIIOMSAHYTHIM ra30BbIM JaTYHKOM.

Ilpu HarpeBaHMK YKa3aHHOTO MMOJUMEPHOI0 KOMIIO3ULIMOHHOTO MaTepHrala
J0 TeMIlepaTypbl BCKpBITHS Oonblioe H3OBITOYHOE HABICHHE ra3a BHYTpH
KalCydsl WIA TOp TMPUBOTUT B3PHIBHOMY BCKPBITHIO (pa3pyLICHHIO)
KOMIIO3MIIMOHHOTO MaTepHaia. B pe3ynbTaTe ra3 NpaKTHYeCKM MIHOBEHHO
BEIXOAUT M3 Marepuaja, He copOMpyeTcs Ha HeM M JOCTHraeT AarTdMKa 3a
MHUHHMAaJILHOE BpeMs.

Takum 00pa3zoM, obecreuyuBaeTCsi TEXHUYECKHH pe3ylbTaT 3asABJIECHHOTO
pellleHNsl, a UMEHHO IOBHIIIEHHE BEPOATHOCTH OOHApyXEHHs NpPEINoXapHOH

CUTYyaIli¥ Ha paHHEeW CTaluu.

KPATKOE OITMCAHUE YEPTEXEMN
Ha Fig. 1 moka3aHo HM3BECTHOE YCTPOMCTBO JJIsi PaHHETO oOHapyXeHus
neperpeBa B prIIHOJ_IOCTyl'IHBIX MecTax BHGKTpH‘IeCKOFO U MeXaHU4YEeCKOoIo

o6opynoBaHHs (COrJIacHO TAaTEHTHOMY JOKyMEHTY [6]).

Ha Fig. 2 npuBeneHsl pe3yibTaThl TEPMOIrPaBHMETPUYECKOrO aHaNM3a
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MHKPOKAIICYJIHPOBAHHOI'0 KOMIIO3HIMOHHOI'O MaTepHajla IIO I/I306peTeHI/IIO,

noJiy4eHHoro coraacHo IIpumepy 1.
Ha Fig. 3 cxeMaTH4HO H300paxkeH 00Ul BUJ yCTPOHCTBAa CUTHAIU3ALIH.

Ha Fig. 4 n3o0paxeH o0muit BUL U3IeIHs U3 KOMIIO3ULIMOHHOTO MaTeprana,

YCTaHaBJIMBAaCMOI'0 HaA TOKOBCAYIIHUE ACTATH.

Ha Fig. 5 moka3aHsl BpeMeHHbIE 3aBHCUMOCTH KOHIIEHTpAIHH ra3a (3enéHas
KpHBas) ¥ TEMIEPATyphl HArPEBaTENbHON IUIACTHHBI (KpacHast KpUBasi) B Ciiydae
cpabaTeIBaHUs CHCTEMBI IPH MTHOBEHHOM HarpeBe KOMIIO3UTHOTO MOJIMMEPHOIO

Marepuaia B mkade 60ybmoro oobEMa.

Ha Fig. 6 moka3aHb1 BpeMeHHBIE 3aBUCUMOCTH KOHIIEHTPALUH ra3a (3eNéHas
KpHUBas) U TEMIIEpPaTypbl HarpeBaTelbHOM IUIACTHHBI (KpacHas KpHBas) B Clly4ae
cpabaThiBaHWS CHUCTEMbI NMpPU IUIABHOM HArpeBe KOMIIO3MTHOIO IIOJHMMEPHOro

MaTepuaia B mkady 6onpmoro o6séma.

Ha Fig. 7 nokaszanbl BpeMeHHbIe 3aBUCHMOCTH KOHLIGHTPAILUM ra3a (CHHssA
KpMBasi) M TEMIIEPaTypbl HarpeBaTe/IbHON IIACTHHBI (KpacHas KpHUBas) B Cliydae
cpabaThIBaHNA CUCTEMBI IPH MTHOBEHHOM HarpeBe KOMIIO3UTHOTO MOJTHMEPHOTO

MaTepuaia B OTKPBITOM IIKady HeGonbmoro ooséma.

Ha Fig. 8 noka3aHsl BpeMeHHBIE 3aBUCHMOCTH KOHIICHTpAIMK ra3a (CHHsA
KpHBas) M TeMIIepaTypsl HarpeBaTelbHOR ITACTHHEI (KpacHas KpHBas) B Ciy4ae

MHOTOKpaTHOT'O Cpa6aTI>IBaHI/ISI CHUCTCMEI.

MoapoOHoe onHcaHHe H300peTEHH

3agBusieMas CHCTeMa TpeJHa3Ha4eHa Ul PaHHEro  BBIABICHHUA
IPEAIOXAPHBIX CUTyallMd, KOrJa HarpeB MNPOBOAOB HIH JJIEKTPHIECKAX
KOHTAKTOB IIPEBHIIIAET JOMyCTHMBIE SKCILIyaTallHOHHEIE apameTpsl (> 100 °C),
HO ellle He JOCTUraeT TOr'0 YPOBHS, IIPH KOTOPOM IPOUCXOIHUT TEPMOACCTPYKIIHS
MaTepuaoB, CIOCOOHBIX K Bosropanmo (> 250 °C).

B  KkayecTBe TEpPMOAKTHBHPyeMbIX (B  HaHHOM  cllyqae  MOJ
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TEPMOAKTUBHPYEMOCTBIO IOHUMAETCS CBOMCTBO B3PBIBHOT'O BCKPBITHS MaTepHaia
IIpY HarpeBe JI0 OIPENEeNEHHOW TeMIlepaTypbl) MOJMMEPHBIX KOMIIO3UIIMOHHEIX
MaTepuajioB MOTYT HCIIOJIB30BaThCs CIENYIOUUe MaTepHasbl, COAep Kalue
TEPMOPEAKTUBHBIC IMOJUMEPBL: MHUKPOKAICYJIHPOBAaHHBIE MAaTepHallbl  HIIH
[IOPUCTBIE MaTEpUANIbI C MOPAaMH 3aKPHITOrO TUIIA, COAEPXKAIIUE HANIOTHUTEIH.

Jlerkokunsmue BellecTBa, CoOAepXalldecs BHYTPH IOJTHMMEPHOTO
KOMIIO3MIIHOHHOTO MaTepHalla, MOTyT BKJIIOYaTb, HO HE OTPaHHYHBATHCA
rajoreHyrieBojgoponamu, Hampumep, 1,1,1,3,3-nenradropbyran (xmamoH 365),
1,1,1,2,2.4,5,5,5-0H0HadTop-4-(Tprdropmermn)nentan-3-od  (Novec 1230).
JlaHHBIe COeMHEHUS OTHOCATCA K 4-My KJIacCy OIIACHOCTH, T.€. He SABIAIOTCA
OnacHBIMH i 4eyioBeka. OHH He coiepxaTcsa B BO3AyXe IOMEIICHWHA NpH
OOBIYHBIX OOCTOSATENBCTBAX, IIOITOMY HX MOXHO JETEKTHPOBaTh IMpH
MUHHMAaJTLHEIX KOHI[EHTPALUsX, HE OIIacasich JIOKHBIX cpabaThIBaHMIA.

BaxHBIM mOpeuMyIecTBOM (TOPCOAEPKALIMX TaJOTeHYyTJIEBOJOPOAOB
nepel HCHNOJb3yEMbIMH B TMAaTEHTHOM JOKyMeHTe [6] ozopaHTaMu HIH
apoMaTHU3aTopaMy ABJIAETCA TO, YTO OHH HE UMEIOT BBIPAaXCHHOTO 3aIlaxa, JIETKO
OLIYII[AEMOT0 YEJIOBEKOM, U OTHOCATCS K MAJOTOKCHYHBIM COCAMHEHUSM. IJTO
00CTOSATENBCTBO IO3BOJISIET HCIONB30BaTh IpeJjiaraeMyl0 CHCTEMY BOIH3H
MacCOBOT0 CKOIUIEHHUS JIOJed, HalmpuMep, Ha 00beKTax TPaHCIOpTa U JaXe B
HOMEINEHNAX, B KOTOPHIX MOTYT IIOCTOSIHHO HaXxOQuTbcd JHOAM. BriaencHue
1,1,1,3,3-nearapropbyran  (xmamon  365), 1,1,1,2,2.4,5,5,5-HoHadTOp-4-
(rpudTopMeTn)rienTan-3-oH (Novec 1230) BMeCTo OJOPaHTOB HE NPHBEAET K
[IAHUKE U He CKaXxeTcs Ha rnpeBbimenun [1JIK BHyTpH 3anmumaeMoro oObexTa.

ITomumo 3TOro, (GpPEeoHB, B OTIMYHE OT ApOMATU3aTOPOB, HE MOIYT
NPUCYTCTBOBaTh B BO3AYyXe IPH HOPMAIBHOM SKCIUTyaTallMH, YTO CYLIECTBEHHO
CHIDKAeT PpHCK JIOKHBIX cpabateiBanuil. Hakonen, dropcoaepxainue
ralOr€HBOIOPOABI SABIIAIOTCA KIaCCOM BEIECTB, KOTOPBIE MOTYT CENEKTHBHO

JIeTeKTHPOBAThLCA JaTYMKOM B CBEPXHU3KHX KOHLEeHTpanuax (meree 0.001 ppm)

[7].



10

15

20

25

WO 2017/026922 PCT/RU2016/000531
10

B  kadecTBe  JIEIKOKMIIAILErO  BEIIECTBA, AJbTEPHATHBHO  WJIH
JIOTIIOJTHATENRHO, MOTYT TAaKXe HCIOJb30BaThCA ONOPAHTHI, TaKWe KaK HHU3IINE
MEpKaNTaHbl, AUANKAICYIbGOUABI, IUATKWIAUCYIbOUIBI WIA HX PaCTBOPBL
IIpenMyImecTBOM TaKOTO pellleHUs SBISETCS TO, YTO B 3TOM CIIydae onpeieneHue
TOYHOI'0 MeCTa MeperpeBa BO3MOXKHO IIOCPEACTBOM Y€JI0OBEYECKOr0 OOOHAHHUA.

OpmopaHTOM MOXeET SBJISATBCS METHWIMEPKANTaH, >STUIMEpKanTaH, H-
MPONHJIMEpPKaITaH, H30IPOITHIIMEPKAITAaH, H-OyTHJIMEepKaIlTaH, BTOp-
OyTHIMepKanTaH, H300yTUIMEpKaITaH, TpeT-OyTHIMEepKanTaH, aMAJIMEepKalTaH,
U30aMHUJIMEPKAITaH, TeKCHIMEpKaNTaH, IUMETWICYIbGUA, IUITWICYIbOH],
THALTHITACYTGHT, AUTHIMETHICYTbGUI, METHISTHICYIbGHU,
JTUA30NPONTIICYIbOHI, OUMETHIAUCYTbGUI, OUBTUNIUCYIbOU,
AUIPONWIIUACYIBGUL, JUAZONPOIIIIACY TbPH.

B HeKOTOpEIX BapHaHTax H300pETeHHS JIETKOKHIIAIIEE BEIIECTBO,
comepxaimleecs BHYTPM TMOJHMMEPHOTO  KOMIIO3HIIMOHHOTO  Marepuaina,
npeAcTaBisieT co0OM ONOpaHT B CMeCH C pacTBopurelsamu. Mcnons3zoBanue
pacTBOpHTENlell IMO3BOJIIET JOCTUTaTh MEHBIIUX TeMIeparyp W Oojee y3KUX
TEMIIEPATypPHBIX IHANA30HOB BCKPHITHS KOMIIO3MLIMOHHOTO MaTepHana IpHU
COXpaHEHHH €r0 MEXaHNYECKUX XapaKTEPUCTHUK.

PacTBopuTENH IS OJOPaHTa, BKIIOYAIOT, HO HE OrPaHUYUBAIOTCS TOJIBKO
TUM TIepevHeEM, THAPODTOPXIIOPYTIEPOIBL, THIPOGTOPYTIIIEPOIBI,
(GTopyrieposl, XIOpyIiepoasl, XJIOphTOpyreposbl, alKaHbl, IPOCThIe 3MHPEI
WIH UX CMECH.

B HEKOTOpHIX BapHaHTaX H300peTeHHs MOJMMEPHBIA KOMIIO3UIIMOHHBIH
MaTepuall IpelCTaBiIseT COOOM MMKPOKAICYIBl C SAPOM M3 JIEMKOKHMIIAIIETO
BELIECTBA, 3aKII0YEHHOI0 B CBA3YIOIIEM. MUKpOKanCyibl UMEIOT ABYXCIOWHYIO
[IOJIMMEPHYIO 000JI04KY, BHYTPEHHUI CJIOH KOTOPOM COCTOMT U3 JKEJIaTWHA WU
€ro IIPOM3BOJHOTO, a BHEIIHUHA YCHWIABAIOIMUHA CIIOM — M3 CHIUTHIX MOJIMMEPOB,
KapOaMMIHBIX CMOJ, PE3OPLMHOBBIX CMOJ, MEIaMHUHOBBIX CMOI, (EHONIBHBIX

CMOJI WM IIOJUBHHHIAIETATHBIX cMoil. CpenHud HapyXHbBIA JMaMeTp
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MHUKpOKarcys coctabigeT 1-5000 MkM, CpeiHAS TONIKHA TOTUMEPHOH 000I04KH
cocrapisgeT 0,01-1 mMkM. [TonuMepHBHIM CBS3YIOIIUM MOXET OBITH aKpHIIOBas
CMOJIa, W/MIIA 3MOKCHIHAS CMOJIa, W/WIH TIOJHAMMJI, W/UIH TOJHBUHUJIALIETAT,
/i monuaGUp, WM MOJIMMOYEBUHA, W/ WM HONUBUHWIOBBIN CIOHUPT, W/UIH
MOy PETaH.

B 1pyrux BapuaHTax HW300peTeHHs] IOJMMEPHBIA KOMIIO3UIMOHHEIH
Marepuali MpeAcTaBiIseT co00il MONMMEpHBIH reib, 00pa3oBaHHbBIN YacTHLIAMH
CIIHTOr0 TIOJIMMEpa, HAOYXIIMMU B pacTBOpPE JIETKOKHUILAIIETO BeEIIECTBa,
MIOMEIICHHBIA B TEPMOPEAKTUBHYIO IONUMEPHYIO MaTpuily. CIIUTHIM IOJIUMEPOM
ABIISIETCS MTOJIUAKPUWIAMUL, CLIMTHIA N,N'-MeTHneHOUCaKpHUITAMULIOM,
MIOJINBUHUJIOBBIN CITUPT, CHINTHIN SMUXJIIOPTAAPUHOM WM OJIUBUHUIOBBIHN CITUPT,
CIIMTBIH TTyTapoBHIM anbaeruaoM. CpeqHull pasMep 4acTUll CUIUTOrO MoJIMuMepa
COCTaBJISIET 50-500 MKM. ITonumepHOH MaTpuLEen SIBJISIETCS
MIOJIMOPTraHOCUIOKCaHBbl, TONMBUHUIIALETAT, SIIOKCUIHBIE CMOJIBL.

B apyrux BapuaHTax H300peTeHUS MONHUMEPHBIM KOMIIO3UIIMOHHEIH
Marepual MpeAcTaBiseT COOOH 4YacTUIbl CHIMKAareiad WIM LEoJuTa ¢
copOMpOBaHHBIM Ha HHX OJOPaHTOM, IIOMEINEHHBEIE B TEPMOPEAKTHUBHYIO
nonuMepHyro Matpuly. CpeqHuil pasMep 4acCTHIl COCTABJISAET IMPEANOYTHTEIBHO
10-2000 mxmM. IlomumepHas MaTpuia, BXOAAILIas B COCTaB KOMIIO3HI[HOHHOIO
Marepuana, BKIIOYaeT, HO HE OIPAaHUYMBAETCA TOIBKO IJTHM IEpPEUHEM,
HOJINypeTaH, IOMMOYCBHHA.

B Ipyrux BapMaHTax H300pETEHHA NONHMEDPHBIA KOMIIO3UIHOHHBIA
Marepyajl TpeACTaBlseT Cco00M 4YacTHIBl IOPHCTOrO IOJMMEpa C TOpamu
3aKpHITOr0 THIIA WIM KaHAIaMH, 3alOJHEHHBIMH OJOPaHTOM HIH pPacTBOPOM
O/IOpaHTa, IIOMEINIEHHBIE B TEPMOPEAKTHBHYIO MONMMEPHYIO Marpuuy. CpeHuit
pasMep JacTHL cocTaBisieT npeanoarurentro 200-5000 mxm. Cpepnnit AuaMetp
nop cocrasisiet npeamnoyrutenbHo 10-100 Mxm. B kauecTBe mopucTOro nonumepa
IPEATaraloTCss CIIMTHIH IOJMCTUPOJ, IOJHOPTaHOCUIIOKCAHBI, IOINYPETaH,

MOJIMMOYECBHHA. HOJII/IMepHaSI MaTpyla, BXoasdmas B COCTaB KOMHO3HIIMOHHOTO
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MaTepuajla, BKJIIOYAeT, HO HE OrPAaHUYHUBAETCH TOJBKO OTHM IIEPEYHEM,
TIOJIMBUHUJIALIETAT, STIOKCUIHBIE CMOJIBI.

Hcnons30BaHue TEPMOPEAKTUBHBIX (B YaCTHOCTH, CIIUTHIX) MOJHUMEPOB
TI03BOJIIET M30€XaTh HEJAOCTATKOB TEPMOIUIABKHUX IMOJHMMEPHBIX KOMITO3HIIMH,
YIOMSHYTBIX B [OKyMeHTe [6], Takux Kak BCIIEHMBaHHE MaTepHalia IIpH
ra3oBBIICTICHUM, CTEKaHHE MaTepHallia Ha 3JIEKTpooOOpYAOBaHHE NPU BBICOKUX
TeMIlepaTypax, MeJJICHHOE BhIIeJICHHe rasa.

[Ipx WCMONB30BAaHUM TEPMOPEAKTUBHBIX CIIUTBHIX MOJUMEPOB BCKPBITHE
NIOp IPOUCXOJUT 3a CUET pa3phiBa MaTepHalia MEPErpeThIM CXMKEHHBIM ra3oM,
HaxomAIMMCsl 10A OoNbIIMM H30BITOYHBIM JAaBleHHEM. OTO IPHUBOJUT K
“B3pBHIBHOMY” BBIJEICHHI0 ra3a W3 MaTepHaia 3a CYET 4Yero JOCTHraercs
eIMHOBPEMEHHOE IOCTIDKCHHE BBICOKOW KOHIUEHTPALlMM CUTHAIBHOIO rasa M
MaKCHMMaJIbHO OBICTpoe cpabaThiBaHHE CHUCTeMbl. BBICOKas CKOpOCTH BBIXOJa
CHUTHAJBHOTO  BEIECTBA BBIFTOJAHO OTJIMYAaeT MCIOJIB30BaHHE  CIIMTHIX
TEPMOPEAKTHBHEIX IMOJIMMEPOB OT TEPMOIUIABKUX MaTepHalIOB, yYKa3aHHBIX B
[aTEHTHOM JoKyMeHTe [6]. [ig TepMOILIaBKMX MaTepHaOB CKOPOCTH BBIXOIA
OJIOPaHTa OrPaHUYMBAETCS €ro0 CKOPOCTBIO OU(QQy3HH depes MOIUMED, a TaKKe
IPYTUMH TIPOLIECCAMH, KOTOPHIE MOTYT CONpPOBOXAATh IUIABICHHE MaTepHaa,
HanpuMep, IeH000pa3oBaHNEM.

JIpyrdM JTOCTOMHCTBOM CHIMTHIX TOJIMMEPOB SBIAETCA TO, YTO BCKPBHITHE
MOp B HpellaraeMbIX TEPMOPEAKTUBHBIX MOJIMMEpPaX IPOHMCXOJUT HE B Y3KOM
JHAaNa3oHe TeMIEpaTyp, COOTBETCTBYIOIIEM IUIABJICHHIO MOIUMepa (Iepexon B
BA3KOTEKYIEe COCTOSHME), @ B INMPOKOM. B CIIMTEIX monMMepax BCKPBHITHE
(B3pBIBHOE pa3pylieHHe) 000104KH NPOHCXOAUT IIPH JOCTHKEHHH ra3oM BHYTPU
IIOpbl JIABJICHHS COOTBETCTBYIOLIETO MPOYHOCTH 000j104KHU. IIoCKONBKY B cuity
0cOoOEHHOCTEH CHHTE3a TaKUX MOJHUMEPOB IIOPhI OTIIHYAIOTCA JAPYr OT Apyra Kak
pasMepamMd, TaKk H TOMIMHOH 000II0OYKM, WX BCKPBITHE NPOUCXOAUT IIPU
pa3IMYHOM JaBICHHH, @ COOTBETCTBEHHO U TeMIeparypax. Jluanasod remmeparyp,

B KOTOpPOM NPOUCXOUT B3pPBIBHOC BCKPBITHE TEPMOPCAKTHUBHOIO
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KOMITO3UIMOHHOTO Matepuana cocrasiseT 103-163 °C, kax wimocTpupyercs
TepMOTpaBUMeTpUYECKOl KpUBOM, moka3zaHHOH Ha Fig. 2.

ITocnennee 0OCTOATENBCTBO OOYCIABIMBAET €IIE OJHO Ba)XXHOE OTIMYHE
npeasaraeMoro u3obpereHus. [1ocKoNbKy BCKpPBITHE MOJMMEpPa MPONCXOIUT B
IIMPOKOM JAMAIla3oHe TeMIepaTyp U pa3pylleHHe YacTH Iop Ipu Oojiee HU3KOH
TEMIIepaType BCKPHITHA HE HapyllaeT FepMETUYHOCTH APYTHUX IOpP, TO CUCTEMA
MOXKeT cpabaTeIBaTh MHOTOKpaTHO. VIHBIMH clloBaMH, €CIH TpeasiaraeMbli
MIOJIMMEPHBIN KOMIO3UIMOHHBIA MaTepral HarpeTh A0 TEMIIEpaTyphl BckaTH;{ B
3aJJaHHOM JIalia3oHe TeMIIEpaTyp BCKPBITHS, 3aT€M OXJIAAUTh A0 TEMIIEpaTyphl,
Oonee HU3KOW 4YeM yKa3aHHBIM JWamna3oH TEMIIEpaTyp BCKpBITHA, HAllpUMeEp A0
TeMIepaTypbl, COOTBETCTBYIOLEH JOIyCTUMBIM JKCIUTyaTallUOHHBIM [1apaMeTpam
o0opy1oBaHuMs, a 3aT€M CHOBA HarpeTh 0 TEMIIEPATyphl BCKPBHITUA B 3aJlaHHOM
IWalma30He TEeMIIepaTyp BCKpPHITHA, Oojee BBHICOKOH, dYeM Npeablaymias
TeMmrepaTypa BCKPBITHS, TO IpU IOBTOPHOM HarpeBe TakKe MpPOU30HAET
JOCTAaTOYHOE IS (OpPMHpPOBaHHMA CUTHAja O MEperpeBe BbIIENCHUE ra3a U
cpabarsiBanue cucreMs! (cM. [Ipumep 5).

CymHOCTb H300peTeHus MOSCHAETCA rpapuecCKUMHA MaTepHalaMH, Tae Ha
Fig. 3 cxeMaTtn4aHO H300pa)keH OOIIMI B YCTpOICTBa CUTHaIM3anuy, a Ha Fig. 4
u300pakeH OOmMMH BUA H3eINHMS M3 KOMIIO3HIIMOHHOIO  MaTepHala,
yCTaHaBJINBAEMOTI'0 Ha TOKOBEAYIIME JETAIIH.

YcrpolicTBO AN CHUTHAIM3ALMM O  IPEANOXApHOM  CHTyaluH,
npencTaBieHHoe Ha Fig. 3, COCTONT U3 IUIaCTHHBL 9, BHIMOIHEHHON U3 CIIHUTOTO
IIOJMMEPHOT0 KOMITO3WIIMOHHOTO MaTepHaia, CoJiepKalero BHyTpH mojocreii 18
JIETKOKHIIALIEE BEIIeCTBO, Tra3oBoro ceHcopa 10, COEIUHEHHOro dYepes
peructpatop 11 ¢ ciucremoii nogadu curnana 12. [Tnactuna 9 nprkiieeHa k ocHoBe
14, koTopas UMeeT ¢ 00paTHOH CTOPOHEI KJIeeBOH cioi 15, nmpu moMoIu KoToporo
IIacTHHA 9 3akperuiseTcs Ha ToKoBeXymied neranu 13. Jlo ycTaHOBKM Ha
3IEeKTPOYyCTAHOBOYHOE H3ENHe KIeeBOH Clod 15 3aKpeIT JIETKO OTAessieMOH

sammtHOM meHkod 17. Ilpy HarpeBe BbIIIE ONPEACICHHOW TEMIIEPATYPhl
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TutacThHa 9 Beifenset ra3 16, neTekTupyeMblil ipy MOMOIIM ra3oBoro cercopa 10.

Ha Fig. 4 moka3aHa macTuHa 9, BBINIOIHEHHAS U3 CIIMTOrO HMOJIUMEPHOTO
KOMITO3UIIMOHHOTO  MaTephaja, COAEpXXallero BHyTpH monoctedt 18
JIETKOKHIIAIee BelecTBO. Jlo yCTaHOBKM Ha 3JIEKTPOYCTAaHOBOYHOE W3JeEiHe,
KJieeBoOH ciioi 15 3aKphIT Jerko oTaenseMon 3alUTHON IieHkou 17.

Hcnonr3oBaHue ONMUCAaHHBIX IOJUMEPHBIX MAaTE€pPHAJOB  IO3BOJIET
HOTYy4UTh FePMETUYHBIC 000I0YKH, [TO3BOJIAIONINE XPAHUTh 3aKIFOYEHHOE B HUX
JIETKOKHUIISIIee BEIECTBO B TEUEHHE JJIUTEIBHOTO BpeMeHH 0e3 CyIecTBEeHHBIX
noteps. [Ipu nocTikeHnn onpeaeneHHON TeMIlepaTypsl IPOUCXOAUT YBEIIMYCHHE
JaBJICHHS HAIOJHUTENA — JISTKOKUIIALIETO BellieCTBa BHYTPH HENPEPHIBHOM (a3bl
NOJIMepa, YTO MPUBOAUT K pa3pbiBy KOMIIO3HLMOHHOIO MaTepHaja U BBITYCKY
ra3000pa3HbiX MMPOAYKTOB, AETEKTHPYEMBIX CEHCOPOM, B arMochepy. Msmenenue
COCTaBa HAIOJHUTENA H TOJIMMEPHOM MaTpUllbl I03BOJSIET BapbHpPOBAThH
TeMIepaTypy BCKPBITHS MaTepuaa.

[TockonsKy ra3oo0pa3Hble BelIeCTBa, BBIAEIACMBIE IIPH HAarpeBaHUH
KOMITO3HIIAOHHOTO MaTepuaia, He COAepXarcsi NpH OOBIYHBIX YCJIOBHSX B
atMocdepe, a TakKe B CBA3H C TE€M, YTO OHH BBIIEIHIIOTCS IPHU OTHOCHTEIBHO
HU3KHX TeMIepaTypax (IO Hadala TEpMHUYECKOTO pasjioXKEHHMs MaTepualoB, U3
KOTOPBIX H3rOTABIMBAIOTCA MPOBOJAa M 3JIEKTPOYCTaHOBOYHBIE YCTPOMCTBA),
MpedsioXKeHHas ~ CHCTeMa  TO3BOJIeT  OOHAapy)KMBaTh  IIOTEHIMABHO
TI0XAPOOINACHbIE CUTYAIUHU 3a0JIT0 10 MOSIBJICHNs AbIMA UM OTKPEITOrO OTHS.

TakuM o6pasom, HacTosimee H300peTeHHE TMO3BOJAET OOHAPYXUBATH
IpeNNOKapHble CUTYallud 3HAYMTENBHO PpaHbIIE CYIIECTBYIOIIMX aHAJOTOB.
IIpenoxeHHast CHCTEMa PacCYMTaHa HA MHOTOKpATHbIe cpabaThiBaHMs, TaK KakK
s oOHapyXeHHs IeperpeBa JOCTaTOYHO BhIXOAAa JIMIOb MajloOd oW,
3aKJIIOYEHHOI'0 B KOMIIO3UIITHOHHOM MaTepualie JIETKOKHIIAINETO BeIeCcTBa, Tak
YTO MOCHE OXJIAKIECHHS KOMITO3HWIMOHHOTO MaTepuana HUXKe TeMIIEpaTyp B
MHTEPBaJIe TEMIIEPATyPbl BCKPLITUA B HEM OCTAETCs JOCTATOYHO JISTKOKHUILAIIETro

BemecTBa AJist IOBTOPHBIX Cpa6aTBIBaHI/II71 B cCiy4dYac TOBTOPHOI'O HaArpe€sa 10
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TeMIepaTyp B HHTEpBajie TeMIepaTyphl BCKPBITUA. 3a CUET HEIOCPEACTBEHHOTO
KOHTAaKTa IIOJIMMEPHOTO KOMIIO3MIIMOHHOTO MaTepualia C HarpeBaloLIUMCS
y4aCTKOM  JJIEKTPUYECKOH Hemd oOecrmedyrMBacTCsl  BBHICOKAS  CKOPOCTh
cpabaTbIBaHMS CUCTEMBI.
Ipumep 1.
MeTtoanka U3roTOBIEHUSA TIOTMMEPHOTO KOMIIO3UIIMOHHOTIO MaTepHaa. |

®peorn 365 mTpoMBUIH pPAcTBOPOM THOCYIb(daTta HATPHUS, BHICYIIWIA
IATHOKKUCHIO ¢ochopa u meperHammi. 720r monuu3onMaHaTa cMemalnud ¢ 9 kr
(peoHa U PHEPrHYHO IepeMellany 2 pa3a [0 2 MHUHYTHI C NePUOAUYHOCTHIO 10
muHyT. [lonydenHyto cmech orcramBanu 30 MUH M QUIBTpOBaNIM Yepe3 BaTy.
dunerpar nomectiny B anmnapat, gob6asunu 10 1 1% pacTBopa NmONMBHUHUIIOTO
cnupta B Boje. [loiydeHHYI0 CMECh NMEPEeMENIMBAIN 0 MOIYYEHHS CTOMKOH
SMYJIbCUH U 3aTeM K Hell no6aBunu 1% pacTtBop monudTUneHnonnaMuHa B 10 1
BOJEI B TeYeHHe 3-X 4acoB. IlepemMemmBaiy 7 CyTOK IpU KOMHAaTHOM TeMIIepaTtype.

[lonmyyeHHbIE MHKPOKAICYJIbl INPOMBUIM BOJOM 5 pa3 A0 HEHUTpalbHOH
peakiud, cMemanu ¢ [IBA B cooTHomeHnnH 1:1 W HaHecnIM TOHKHM CJIOEM Ha
CHJIMKOHOBYIO TTOJI0XKKY. ITociie nepBoi CyIIKH HAHECIIH €IIE OAUH CIIOH Karcyl
¢ IIBA u Tak najnee 10 MMoJy4deHHUs JIUCTA TOMIUHON 1.25 MM.

[To okoHYaHHM OMUCaHHOW mporeaypsl moxydnian 10.7 Kr IJIaCTUYHOTO
MaTepuana.
Ipumep 2.
CpabarpiBaHHe CHCTEMBI IIPY MTHOBEHHOM Harpese B IIKady Oosbiioro oopéma.

Mertoauka HcmbITaHui. M3roToBneHHOe B cooTBeTCTBHM ¢ IIpumepom 1
W3gelde M3 IIOIMMEPHOTO KOMIIO3HIMOHHOIO Marepuana Maccod 1.5 T u
TOMIHHOM 1.25 MM OBLIO HAaKJIEEHO HAa HArpeBaTeNbHYIO IUIACTHHY, TEMIIEpPATypa
KOTOpOI mogaep uBanack B auanaszoHe ot 130 go 135 °C. IInacTuHa nomMemanacs
B reoMeTpHdecKHil eHTp mKada o6sémMoM 1 M’ (BbIcoTa mikada cocTasisna 2.0
M, mupuHa -- 1.0 M, a mybmHa -- 0.5 wm). Temmeparypa IUIaCTHHBI

KOHTPOJIMPOBATIACh TEPMOIApOM, 3aKPEIIEHHOW MeXIy U3JenueM U3
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KOMITO3HUIIHOHHOTO TOJIMMEPHOr0 MarepHana W HarpeBaTelbHON IUTAaCTHHOM.
KoHleHTpalds CHTHAJIBHOTO ra3a, BBIIENSIOMIErocs  KOMIIO3UI[MOHHBIM
TIONTUMEPHBIM MaTEepPUAIOM, PETHCTPHPOBANIACh MONYIPOBOAHUKOBBIM TI'a30BBIM
cencopoM SP-42A-00 (mpomsBoxctBa komnanuu FIS Inc.), pacnonokeHHBIM Ha
paccTosiHUH 1 CM OT reoMeTpHUYecKoro IeHTpa BepxHelt rpanu mkada. Ha Fig. 5
NOKa3aHbl BpPEMEHHBIE 3aBUCHMOCTH KOHIIEHTpAallMU Tra3za (3enéHas KpuBas) H
TeMIIepaTypbl HarpeBaTeNIbHOM IUTaCTHHEI (KpacHas KpHBasi).

Kak BugHo u3 Fig. 5, cpabaTbiBaHUe CHCTEMBI M perucTpalus neperpesa ¢

IMOMOIIIBIO I'a30BOIr0 JAaTUYMKA MPOHUCXOIHUT 3a BpEMA MCHEC 1 MHUHYTHI.

Ilpumep 3.
CpabaTbiBaHHe CHCTEMBI IIPH IUIABHOM Harpese B 1iKady 6osbiioro o6béma.

Meronuka ucneiTanuii. 3roroBneHHoe B cootBeTcTBHM ¢ IIpumepom 1
U3/Ie]IHe U3 TOTMMEPHOT0 KOMITO3UIMOHHOTO MarepHaia BecoM 1.5 r ¥ TonmuHoM
1.25 MM OBUIO HakjJeeHO Ha HarpeBaTeNbHYIO IUIACTUHY IIpH HOPManbHBIX
ycnoBmsx. IlnacTiHa momemmanack B neHTp mkada o6sémom 1 M* (BbicoTa mKada
cocrasnsiia 2.0 M, mupuHa -- 1.0 M, a mry6una -- 0.5 M). Temneparypa 1iacTHHEI
IIaBHO YyBenumuuBanach 1o 135 °C, YTO KOHTPOIHPOBAIOCH TEPMONAPOH,
3aKpEIIEHHON MEXIY M3[eNHeM U3 KOMIIO3HIIMOHHOIO MOJTUMEPHOTO MaTepralia
M HarpeBaTelqbHOM  IulacTMHOM.  KOHIEHTpalusi  CHTHaJIbHOTO  Trasa,
BBIAEIISIOIIEIOCS KOMITO3ULIHOHHBIM MTOJTUMEPHBIM MaTepHaJioM,
PErHCTPUpPOBANaCh MONYIPOBOJHUKOBEIM Ta30BbIM  CceHcopoM  SP-42A-00
(npoumssozactBa kommnanuu FIS Inc.), pacnonoxeHHsIM Ha pacCTosHUHM 1 cM OT
reOMETPUYECKOTO LieHTpa BepxHeil rpany mkada. Ha Fig. 6 mokasaHsl BpeMeHHbIe
3aBHCHMOCTH KOHIIEHTpaluM ra3a (3en€Has KpHBasi) M TeMIEparyphl
HarpeBaTebHOM IUIaCTHHBI (KpacHas KpuBas).

Kak BugHo um3 Fig. 6 cpabaTbiBaHMe CHCTEMBI IIPOMCXOAMT TIOCTE

JIOCTHKeHHS IUIACTHHOM TeMIlepaTypsl paBHoii 93 °C.
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IIpumep 4.
CpabartbIiBaHHE CUCTEMBI B OTKPBITOM IKady HeGoNbIIoro ooséma.

Metonvka ucneitanuii. MsrotoBienHoe B cootBeTcTBHM ¢ IlpuMepom 1
U3/IeINe U3 IOIMMEPHOT0 KOMIIO3ULIMOHHOTO Marepuana Maccoii 0.5 r ¢ TonmuHoH
1.25 MM ObUIO HaKJIEEHO Ha HarpeBaTeNIbHYIO IUIACTHHY, TeMIlepaTrypa KOTOpOW
nognepxuBanace B guanazoHe ot 130 mo 135 °C. IlnactmHa momemanach Ha
paccTosHHM 1 cM OT TeOMETPHUYECKOT0 [IEHTpa HIDKHEH rpanu mkada (cm. Fig. 3a),
umMeron1ero 066éM paBHbIi S0 THTPOB (BBIcOTa MKada cocTapisuia 70 cM, MUApHHA
-- 40 cM, a mrybuHa -- 18 cm). [IBepua mkada (nepeaHss rpaHb) B SKCIEPUMEHTE
OCTaBIISUIaCh HACTEXb OTKpHITOM. TeMmepaTypa IUTaCTHHBI KOHTPOJIHMpOBAlach
TEpPMOIIApOd, 3aKpeIUIEHHOH MEXIy HU3JeeM U3  KOMIIO3UIHOHHOIO
HOJIMMEPHOI0 MaTrepuana W HarpeBarellbHOM IUiacTHHOH. KoHueHTpanus
CHUTHaJbHOTO  rasa, BBIICHSAIOMIETOCS  KOMIIO3MLIMOHHBIM  IIOJMMEPHBIM
MaTepUaJIOM, PErHCTPUpPOBAach MOIYNMPOBOAHHUKOBBIM I'a30BBIM CEHCOpoM SP-
42A-00 (mpomusBoactBa komnanuu FIS Inc.), pacronoxeHHbIM Ha pacCTOSHUM 1
CM OT FeOMETPHYECKOro IleHTpa BepxHel rpanu mkxada. Ha Fig. 7 moxasaHsl
BpeMEHHbIE 3aBHCHMOCTH KOHLIEHTPAaLUU ra3a (CHHssS KpUBas) U TeMIIepaTypsl
HarpeBaTeJIbHOM IIaCTUHBI (KpacHas KpUBas).

B mannom mpumepe (cM. Fig. 7) cpabartbiBaHME CHCTEMBI NPOHUCXOAMIIO
IIPaKTHYECKU Cpa3y IIOCNe HaKJICMBAaHWs M3JENHs Ha HarpeBarellb M yBepeHHas
perucTpaiys MeperpeBa OKasblBaJlach BO3MOXHOH yxe MeHee yeM 4epe3 10
CeKYH].

IIpumep S.
MHorokpatHoe cpabaThIBaHHE CHCTEMBI.

Meroauka ucielTanuii. M3rotosneHHoe B cooTBeTcTBUH ¢ IIpnMepom 1
H30CJINE K3 IIOJINMEPHOIO KOMIIO3MIIMOHHOI'O MaTr€pHajia mMaccoir 1.5 r u
tommuHON 1.25 MM OBLIO HaKJIEeHO Ha HarpeBaTellbHYIO IUIACTHHY MpU
HOpMAaJIbHBIX yCIoBMsX. [L1acTHHA moMeInanach B reOMETpHIECKUi EHTP wkada

o6séMoM 1 M (BeIcOTa IKada cocrasnsuia 2.0 M, mupuHa -- 1.0 M, a nry6GuHa --
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0.5 m). Temneparypa MmIacTUHB! KOHTPOJIHPOBAIACH TEPMONAPOH, 3aKPEIUIEHHOM
MeXIy H3eNdeM U3 KOMIIO3MIIMOHHOTO TOIMMEPHOIO Marepuana H
HarpeBare;bHOU IIacTHHON. KoHLleHTpalys CHrHaIBHOIO Ia3a, BRIAEIIOmErocs
KOMIIO3HIIMOHHBIM TIOJIMMEPHBIM MaTepHaioM, PErUCTPUPOBATIACH
IOJIYIPOBOIHMKOBBIM ra30BbIM ceHCOpoM SP-42A-00 (Ipou3sBoACTBa KOMIIAHMH
FIS Inc.), pacrionoXeHHbIM Ha pacCTOSHHHM 1 CM OT I€OMETPHYECKOrO LIEHTpa
BepxHeii rpanu mkaga. Harpes rnacTHHbI IPOU3BOAMIICS IJIABHO TPU Pa3a IOAPS
J0 pasHOi TeMmmeparypbl W IpeKpallaics Npd JOCTHXECHHH HarpeBaTesIbHOM
IUIACTHHOM TeMinepaTypsl paBHoit 120 °C (mpu nepBoM Harpese), 130 °C (mpu
BropoM HarpeBe), 140 °C (mpu TpeTbeM HarpeBe), CIlyCTst HEKOTOPOE BpeMs I10CTIE
3TOro, ABepla Inkada OTKphIBaJIach U NPOM3BOAMNACH €ro BeHTHIAnus. Ilocne
OIyCKaHHsl TeMIIepaTyphl IUIACTHHBI JO TeMIlepaTypbl IpuMepHO paBHoH 39 °C
nBepna ImKada 3aKpblBallaCh M HAarpeB IUIaCTHHBI BO30OHOBIsNCA. JlaHHas
npoleaAypa MOBTOpsIach TpU pasza. OTKIIOYEHHe HarpeBa IPOU3BOIMIOCE Ha 36,
122 u 203 mMuHyTaX, a 006paTHOoe BKIoYeHHe Ha 83 u 167 MuHyTax. BeHTHIAIMSA
mkada mpousBogunack Ha 49, 133 u 215 mMunyTax.

Fig. 8 mokaspiBaeT, YTO B JaHHOM SKCIIEpHMEHTE CHCTEMA cpabaThiBajia Kak
MHHHMMYM TpH pasa (IpH KaXIoM BKJIIOYEeHHH HarpeBa). HecMoTps Ha To, 4TO C
KaXbIM HOBBIM CpabaThIBaHUEM BBIAEIIOIEECS KOJIMYECTBO I'a3a YMEHbBIIAIOCH,
€ro KOHIIEHTpALKs M03BOJISIa KaXABIH pa3 yBEPEHHO IIPOM3BOAUTH PETUCTPALHIO
nieperpesa.

Takum obpasom, mpedyaraemMas cucTeMa obecreynBaeT ObICTpOe
cpabaTbiBaHHe M YBepeHHoe OOHapyXeHHe IleperpeBa NpHU IIOBBINICHHH
TeMIeparypsl yxe 10 ypoBHs okono 100°C, B ToM 4mcie Npy HEONHOKPAaTHOM

cpabaTbIBaHUU CUCTEMEL.
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®opmyna uzobpereHus

1. Cucrema 171 CUrHaJIU3aLMU O TIIPEANOXKapHbIX CUTyallUsIX, BO3HUKAIOIIUX

B pe3yibTaTe JIOKAIBHBIX  IIEPErPeBOB  3JIEKTPOOOOPYHOBaHMI,
BKJIIOYAIOII[as ra30BbId IaTIHK, COEAMHEHHBIN C pErucTpaToOpoOM, KOTOPBIN
HOJKJIIOYEH K CHCTEME NTOJIa4l CUTHANA, U MOJIUMEPHBIN KOMIIO3HIIMOHHEIN
Mareprajl, HAHECEHHbIH Ha CKIOHHBIE K HArpeBY YYaCTKH 3IIEKTPHYECKON
UeNH, COIEpXal¥iii HempepbiBHyI0 ¢a3y, Koropai obpa3oBaHa
TEPMOPEAKTUBHBIM IOJIMMEPOM, U JETKOKHUILAIIEE BELIECTBO BHYTPH
yKa3aHHOM HeNpeprIBHON (a3bl, U UMEIOIIMH TeMIEpaTypy BCKDBITHI B

nuamna3oHe 80-200 °C.

. Cucrema Ui CHUTHAIM3alldd O TPEOIOXapHBIX CHUTyalMsax oo I.l,

OTIMYAIOUmaics TeM, YTO CHCTeMa pacCUMTaHa Ha MHOTOKPaTHbIE
cpabaThIBaHU MU HarpeBe YKa3aHHOTO MOJIMMEPHOTO KOMIIO3HUIIMOHHOTO
MaTepuaja B IIOBTOPSIOMIMXCS LMKJIAX HAarpeBa JO TEMIEpaTypsl,
HaxoJsduleiics B HHTEpBaJleé TEMIIEpaTyp B3pPBIBHOTO pa3pylICHHs, U
TIOCIEAYIOMETO OXIXIEHU 1o 60JIee HU3KHMX TEMIIEPATyp, HaXOAAIIHXCS

HIDKe HHTEpBaJla TEMIIEPaTyp B3PbIBHOI'O paspylICHHS.

. CucTeMa 11 CHTHAIH3AIMK O TPEANOXXapHbIX CHUTyaunusx 1o m.l wim 2,

oTIM4YaroIasgca TeM, 4YTO B COCTaB JICTKOKHMIIILIICIO  BCHICCTBA,
cozepxalerocs BHYTPH TCPMOPEAKTUBHOI'O NOJIUMEPHOTO

KOMITO3UITAOHHOI'0 MAaTe€pHajia, BXOOAT raJIorCHyrjiI€BoA0POAbI.

. CucreMa [ CHIHAIM3alMM O IIPENNOXKAPHBIX CHTyalWsaX IO M. 3

OTJIMYAIOIAACS TeM, YTO B COCTaB JIETKOKWISNINETrO BEIECTBA BXOMAT
1,1,1,3,3-nentapropbyran (Xnagon 365), 1,1,1,2,2,4,5,5,5-HoHadTop-4-
(TpuQTOPMETHI)IeHTaH-3-0H (Novec 1230), 1,1,1,2,3,3,3

renTtadgTopnponaH WK OKTaQTOPIUKIOOyTaH.

. Cuctema 1j11 CHUTHaJIM3alldH O IpeAnOXapHeIX CHTyallusaX IIO n.l mwim 2,

oT/IHyYaroIascs TEM, UYTO B COCTaB JICTKOKHIIAOIEroO  BEIICCTBAQ,

coJcpxKalerocst BHYTPH IIOJIMMEPHOr0 KOMIIO3UIIMOHHOI'O MaTcpHaia,
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BXOOAT OJOpaHTHI, BBI6HpaeMLIC u3 I'pYIIIbI, BKJIIOYAOILECH

MeTHJIMEepKaIlTaH, STHWIMEpKalNTaH, H-TIPOITUJIMEPKAIITaH,
M30NPONMIMEDKaNTa,  H-OyTMJIMepKanTaH,  BTOp-OyTHJIMEpKAIITaH,
U300y THIIMEpPKAIITaH, TpeT-OyTHIMEpKaIlTaH, aMHJIMEpKaITaH,
MN30aMUJIMEPKAIITaH, reKCHJIMEpKaIiTaH, JTUMETUICYIbOU,
IV3TUICYIbGU, JUATUTIAUCY ThGU, AUTHIMETUWICYNbGUI,
MEeTHIdTWICYTbH, JHUU3ONIPONHICYTbDH, OUMETHITUACY b DU,

IUSTUAAUCYIBQUA, AUNPONUIAUCYTEGU, AUN3ONPOIMITHCYIbOUN HIH

HX PpacTBOPBHI.

. Cucrema g curHaiuzallid O HpPEIIOXAapHBIX CHTyalUAX IO IL.5,

OTIIMYAIOIAsCI TE€M, YTO PacTBOPHUTENb B PacTBOpax OAOPaHTa BKIIIOYAET
ruIpoGTOPXIOPYIIIEPOABI, ruIpodTOpyIIIepOIbL, ¢dTopyriepoasl,
XJIOPYTTIePOibl, XJIOPGTOPYTIIEPOIbI, ATKaHbI, IPOCTHIE SPUPEI HITH TIO0bIE

HX CMCCH.

. Cucrema AJ1 CAUTHAJIM3allku| O ITPEAITIOXKAPHBIX CUTYAllHUAX IIO J'IIO60My H3

1. 1-6, OTIMYaroLasics TeM, YTO MOJIMMEPHBIH KOMIIO3ULIMOHHBIA MaTepra
npeacTaBiseT co00it MUKPOKAIICYJIBI C SIAPOM U3 JIETKOKUIISIIEro BeIeCTBa,
3aKJIIOYEHHBIE B CBA3YIOIIEM, TJ€ MHUKPOKAIICYJIbl UMEIOT JIBYXCIIOHHYIO
CIIUTYIO MOJIUMEPHYIO 000JI0YKY, BHYTPEHHHUH CJIOH KOTOPOH COCTOMT U3
XeJIaTHHA HJTH €r0 IPOU3BOHOTO, a BHEITHUM YCUIIMBAKOIIUH CIIOH COCTOUT
A3 KapOaMHIHBIX CMOJ, PE30PLUHOBBIX CMOJI, MEIaMHHOBBIX CMOII,

(beHOJIBHI:IX CMOJI UK ITOJJUBHHUJIAUCTATHBIX CMOJIL.

. Cucrema 1 CUTHAIIM3AalUd O NPEAIIOXKapHbIX CHTyallusax IIO m.1 unu 2,

OTJIHYAIOIAsACS TeM, YTO CPEAHMM Hapy>XHbIA AWAMETp MHKPOKAIICYJI
coctaBisger 1-5000 MKM M CpeaHsAsd TOJNIIMHA MONMUMEPHOH 000510YKH

coctasiseT 0,01-1 MxMm.

. CucremMa 1 CUTHAJIM3AllMK O ITPeIIOXXKapHbIX CUTyalusx 1o .l wim 2,

OTJIMYAIOINAACS TE€M, YTO IOJHAMCPHBIM CBA3YIOIIUM SBJIICTCS aKpUJIOBas

CMONa, W/WIM OJMOKCHAHAs CMOJIa, W/WIA TOJIMaMUA, W/HWIK
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MOJIMBHHWJIANETAT, W/WIKX MNOoMudQHUp, W/WIM TOJMMOYEBUHA, W/WIH
[TOJIMBUHUJIOBEIH CIIMPT, W/WJIHA MOJAYPETaH.

10.CucremMa I CUTHAJIM3ALMK O TPEIIIOKAPHBIX CUTYalWiIX 10 JoOoMy U3
1. 1-6, oTnHYaromascsa TeM, 9YTo NOJIUMEPHBI KOMIO3ULMOHHBIN MaTepral
IpEeACTaBIIAeT COOOM IIOMHUMEpHBIH Treiib, 00pa30OBaHHBIA YaCTHLAMH
CIIHUTOTO TOJMMEpa, HAOYXIINMH B pacTBOpE JIETKOKHUILAIIETO BEIleCTBa,
MTOMEIIEHHBIH B MOJTUMEPHYIO MaTPHILY, 00pa30BaHHYIO TEPMOPEaKTUBHBIM
MIOJIUMEPOM.

11.CucTema [ CHUTHAIM3allMd O MPEANOXKapHbIX cuUTyauusx o .10,
OTIHYAIOMIAACA TEM, YTO TEPMOPEAaKTUBHBIM IOJIHUMEPOM SIBISETCA
MOJIMaKpUIIaMH, CINHUTBIN N,N'-meTuneHbucakpuiIaMuioM,
NOJIMBUHUJIOBBIN CIIUPT, CIIUTHIA 3MUXJIOPTUAPUHOM WIXA HOJUBUHWIOBBINA
CITUPT, CLUUTHIN IITyTapOBBIM aJbACTHIOM.

12.CucteMa Ui CHTHaJM3alldd O TPEANOXKapHbIX cUTyauusx no 1.10,
OTJIMYAIOIIAACA TEeM, YTO CPEJHUN pa3Mep 4YacTULl CIIUTOrO ﬁonHMepa
coctapnger 50-500 Mxm.

13.CucreMa [ CHUCHAIM3ALMH O MPEANOXapHBIX CUTyalusx mo 1m.ll,
OTJIMYAIOINAACA TE€M, YTO CpPEIHHMH pa3Mep YacTHIl CIIUTOrO IOJIMMepa
cocrasngeT 50-500 MxM.

14.CucreMa Ui CHTHQJIM3allMM O MpPEANOXXKapHbIX CHTyamusx no 1.10,
OTJIMYAIOINAACA  Te€M, YTO  I[IOJMMEPHOM  MAaTpHULEH  sBIsSeTCA
NOJIMOPTraHOCUJIOKCAaH, MOJIMBHHIIALIETAT, SNIOKCHHAA CMOJIa.

15.Cucrema I CUTHAJIM3ALKMK O MPEANOXKAPHBIX CHTYalHIX 110 JoOoMy U3
nn.11-13, ornuyaromascst TeM, YTO TMOJUMEPHOHM MAaTpHLEd SBJISETCH
HOJIMOPraHOCUIIOKCaH, MOJMBUHUIIALIETAT, SIIOKCHIHAA CMOIa.

16.CucteMa A1 CHTHAM3ALMK O HPEAIIOKapHBIX CHTyallUsX IO JOO0My H3
m11. 1-6, oTIMyaromascs TeM, YTO MOJIMMEPHBI KOMITO3UIIHOHHBINA MaTepHall

OpEeACTaBIACT coboii YJaCTHUIbI CUJINKATreIIs HIIH 1ICOJIUTa C COp6I/IpOBaHHBIM
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Ha HHX JICTKOKUIISIUM BEIIECTBOM, [IOMEIIEHHbBIE B TIOJIMMEPHYIO MaTpUILy,
00pa3z0BaHHYIO TEPMOPEAKTUBHBIM TTOJUMEPOM.

17.CucremMa i CHUTHQIM3ALMH O MPEAIOXKApHBIX CHTyalusx no I.l6,
OTJIMYAOIIAACS TEM, UTO CpeqHuid pazMep dyactull coctasisgeT 10-2000 Mxm.

18.Cucrema 1Id CHTHAIM3ALMKA O TPEANOXKapHBIX CHTyalusx no I.l6,
OTIIHYAIONIASACS TEM, YTO IMOJUMEpPHOM MaTpHLEH SBIACTCS NOIUYpETaH,
MOJINMOYEBHHA.

19.CuctemMa IS CHTHANIM3AIMM O TPEANOKAPHBIX CUTyauusx no .17,
OTJIHYAIOIAACS TE€M, YTO IMOJMMEPHOM MaTpHIEH SBISIETCA MOJIUYypeTaH,
MIOJIMMOYEBHHA.

20.Cuctema Ui CHTHAJM3allMK O TPEAMOXKAPHBIX CUTyallUsaX Mo modomy u3
1. 1-6, OT/IMYaroIascs TeM, 9YT0 MOJMMEPHBIA KOMIIO3UIIMOHHBIN MaTeprall
npeacTaBasieT co00il YacTUIIBI MOPHCTOrO MOJIMMeEpa ¢ NOpaMH 3aKPBITOIO
THUIIA UM KaHAJIaMH, 3a110JTHEHHBIMH OJOPAaHTOM HJIM PaCTBOPOM OJIOPAaHTa,
IIOMEIIEHHBIE B TIOIMMEPHYIO MaTpHUILy, 00pa3oBaHHYIO TEPMOPEAKTUBHBIM
TIOJIIMEPOM.

21.CuctemMa uIs CHTHAIM3AIMl O TPEATOXAPHBIX CHUTyanusx no 1.20,
OTJIMYAIOIAsiCA TeM, YTO CpeOHHH pa3Mep dacTHi cocTaBisier 200-5000
MKM. |

22.CucreMa Ui CHMTHANM3AlHM O TPENIOXKapHBIX CHTyamusx mo 1m.20,
OTIHMYAOLIAsICA TEM, YTO CpeaHHi JuamMeTp nop cocrasisger 10-100 Mxm.

23.CucteMa [Ajis CHTHAIH3AIMH O MPEANOXApHbIX CHTyalHsax Io 121
OTIMYAIOMIAsCS TEM, 9TO CPeNHHiA qraMeTp nop coctasiseT 10-100 Mxm.

24.CucteMa Ui CHMTHAIM3AIMM O MPENNOXKapHBIX CHTyanusax mo 1m.20,
OT/INYAIOIIAACA TEM, YTO B Ka4eCTBE IOPUCTOrO IOJIHMEPA HCIOIb3YETCH
MOJINCTHUPOJI, IOTHOPIraHOCHIOKCAH, MMOoJINypeTaH, ITIOJIMMOYCBHUHA.

25.CucteMa Ul CHTHAJIM3AIMK O MPEINOXXKapHBIX CUTYaHIX 1O JIOO0MY H3
nn.21-23, oTnnyammascs TeM, YTO B KauyeCTBE IIOPHCTOro IMOJuMepa

HUCTIOJIB3YETCA MOJIMBUHUIIALICTAT, IOJIHOPraHOCHUJIOKCaH.
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26.CucremMa [ CHTHAIH3AIMH O IPEATIONKAPHBIX CHTyalmsx mno 120,
OTIMYaloOmascs TeM, YTO  I[IOJIMMEpPHOH  MaTpuliedl  sBjseTcs
TIOJINBUHUJIAIIETAT, 3IOKCH/IHAsl CMOJIA.

27.CucTteMa Ui CHTHAJIM3AIMK O MPEeANOoKapHBIX CUTyalUsX 0 JIoOoMy H3
nmn.21-24, oTnHMYaloIIascs TeM, 4YTO IOJMMEPHOM MaTpHULEH SBIAETCA
MIOJIMBUHMJIAIETAT, 3II0KCHIHAsA CMOJIA.

28.CucreMa I8 CHTHAIH3AIHH O NPEANOXKApHBIX CHTyalHsaX IO 1125,
OTIHYAOINascad  TeM, YTO  TNOJMMEPHOM  MAaATpHLEH  SABISAETCH

MMOJINBUHHUJIALCTAT, 3IIOKCHUAHAsA CMOJIa.
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