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BBEJAEHUE

B coBpemeHHBIX yCIOBUSAX OOpHOBI ¢ MPECTYIMHOCTHIO BO3PACTAET POJIH
JIOKa3aTeIbCTBCHHOW HMH(OpMAIlUK, IOJy4aeMOM B TMPOIECCe IPOBEICHUS
skcrepTr3. OCOOEHHO aKTyallbHO 3TO IMOJIOXKEHHUE IS PACCICAOBAHMS YTOJIOBHBIX
JIeN, COIPSDKCHHBIX C TIOYKapaMH, ITOCKOJIBKY TIPAKTUYCCKH BCETJa IOXKapbl
MPOUCXOAAT B YCIOBUAX HeodeBUAHOCTH. OpHOW M3 KIIOYEBBIX  3a]1a4
paccieIoBaHMs JaHHOW KAaTerOpHUH JEJ SIBJSETCS YCTAHOBJICHHE OOCTOSTEIIHCTB
BO3HMKHOBEHUS M Pa3BUTHS rOpeHHs. PemeHne 3Toi 3a1a4i HEBO3MOXKHO TOJIBKO
CJICICTBEHHBIM TYTEM — JJISI ’TOTO HEOOXOAMMO TIPOBEICHNE CIOKHBIX IKCIIEPTH3
U TIPOBEPOK.

B mnpakTudeckoil NeATENTbHOCTH TIPH WCCICIOBAHUW W YCTAHOBJICHHUU
MIPUYUHBIBOSHUKHOBEHUS TIOKapa, TMPEeXAe BCEro, HEOOXOAMMO YCTAaHOBHTH
MECTOOYaroBOW 30HBI. T.€. TOTO MECTa, TJ¢ TOPEHHE BO3HHUKIO M HAOII0IaIOCh
HaHAYaJIBHOW CTAaWW. YCTAaHOBJCHHE odara IokKapa - TEpBBIA, OCHOBHOU
WUBXHCHINNI [Iar Ha MyTH YCTAHOBJICHUS IPHYUHBI MOXapa. BBIBOJIBL,C/ICIIAHHBIC
Ha dTale YCTAHOBJICHHS oYara rmokapa, MOXXHO CUUTATh JIMIIBIPEIBAPUTEILHBIMY,
MOCKOJIbKY OHHM TMPEACTABISAIOT CcO0OM Ha HadadbHOMATANe TOJIBKO pPabodyro
TUMNO0TE3y, HEOOXOJIMMYIO, YTOOBl COPUEHTHUPOBATHCS BIIOMCKAX HCTOYHHMKA
3KUTAaHUS W BBUIBHHYTh OTJCIBHBIE BEPCHM O TMpUYHHE TMokapa. Ilocie
OTpabOTKH BBIIBUHYTHIX BEPCUH W YCTAHOBJICHUAIPEANOIATAEMOTO HCTOYHHKA
3aKuUTaHus (TPUYWHBI  TOXapa) HACTyMmaeT CINCOJHAa, 3aKIIOYUTEIIbHAS,
BOKHEUIIAS CTaausd - PEKOHCTPYKIUS TIPOIECCABOSHUKHOBEHUS U Pa3BUTHS
nmo’kapa, KOTOpas JOJDKHA TIPOBOJIUTHCS BCOOTBETCTBUM C YYETOM 3aKOHOB
ropenus. Ha 3Toli ctamuu Bocco3maeTcsaKapTHHA TI0Kapa UCXOJS YXKE HE TOJIBKO
U3 MPEIoJIaraeMoro ovara (04aroB)moxapa, Ho 1 ICTOYHUKA 3aKUTaHUs, TaHHBIX
0 IWHAMHUKE Pa3BUTHS TOpeHHs. M TOIBKO TOCHE TOTO, KaK BCE JaHHBIC YBSKYTCS B
CAMHOE TIIeJIoe, a OTICIbHBICTIPOMEKYTOYHBIC BBIBOABI M (DaKTel HE OyayT
MPOTUBOPEYHTHh JIPYT APYTY, MOXKHO OyaeT (GOpMyIMpOoBaTh OKOHYATCIIHHBIC
BBIBOJIBI O TIPUIHMHE MTOXKapa.

B yuebHOM mocoOuu mgaroTcs OOIMME TMPEACTABICHUS O IOPSAKE
BBIJIBIDKCHUSI HOTPAOOTKU OTACITBHBIX BEPCUH IO MNpHYMHE Toxkapa. Kpatko
U3IIOKEHBl ~ TpeOOBaHUS K  COJACPXKAHWUIO W TOPSIAKYy  odopmieHus
TeXHUYECKUX3aKITIOUEHUH 110 TokapaMm. YdeOHoe 1ocobme pa3paboTaHo B
COOTBETCTBHHM C AaKTYaJIM3UPOBAHHBIMH THIIOBBIMH YYCOHBIMH IUIAaHAMH |
nmporpaMMaMd JUIS  CHCTEMBl TEXHHYECKOTO0 W MPO(ECCHOHAIBLHOTO, TIOCIe
cpeaHero oOpaszoBaHusi 1o  cnenuanbHocth  6B12302 - «lloxapHas
0€30IacCHOCThY.



I'JTABA 1. IEJIA, 3AJJAYU U OCHOBHBIE TEXHUYECKHUE
MEPOIIPUATHSL, IIPOBOJUMBIE B PAMKAX ITO’KAPHO-
TEXHUYECKOHU 3KCIIEPTHU3bI

B 3akone «O I'paknanckoi 3amuTe» AaHO OMPEACIIUTE ToXKapa, Mmoxap —
HEKOHTPOJUPYEMOE TOpPEHHUE, CO3/Ialolee yrpo3y, IPUUUHSIONIEe BPe/l KU3HU U
3JI0pPOBBIO JIIOZICH, MaTepuaabHbIi yiepd (U3NYECKUM U IOPUIUYECKUM JTUIAM,
UHTEpecaM oO0miecTBa M TroCyJapcTBa. B 3aBUCMMOCTH OT HPHUYUHBI €r0
BO3HMKHOBEHHUS M IMOCJIEAYIOIEH MpaBOBOM OLEHKU IMOXap OTHOCAT K
KPUMUHAJIBHBIM SIBICHUSIM WJIM K SIBIICHUSIM, KOTOPhIE HE UMEIOT KPUMHUHAJIBLHOU
npupoasl. IlocnenHue, B CBOKWO odYepeab, MOTYT BO3HUKHYTh, KaK IIO BHHE
YEJIOBEKa, TAK U IOMUMO €r0 BOJIH.

[IpyurHBl BO3ropaHus, KOrJa MOXap BO3HHMK 0O€3 ydacThs 4elIOBEKa,
HarpuMep, Takue Kak (OKYCUPOBAHME COJHEYHBIX JIy4eH, TOBOJIBHO PEIKO
BcTpeuaroTcs. Bo Bcex Apyrux cimydasix ecTh (WM TOJDKHO OBITh) JIUI0, BAHOBHOE
B BO3HUKHOBEHHH MOXKapa.

1.1. IIpoBenenne IKCEPTH3 MO [1eJ1aM O MOKapax

Ha craguu npeaBapuTenbHOTO paccielOBaHUs, €CIHU JI03HABATEII0 WIIH
CJIEIOBATEN0 HEOOXOJMMO pEIIUTh BOIPOCH], TpeOylolue CHelUaIbHBIX
3HAHUU, MOXKET ObITh Ha3HAaUeHa AKcIepTusa. [loxap -cioxHOe 1eJI0 U IS €To
paccieoBaHUATPEOYIOTCS CHEUUANbHBIE 3HAaHUSA, [O3TOMY IO YTOJOBHBIM
JejlaM O IoXapax B OOJIBIIMHCTBE CJIy4YaeB HA3HAYalOTCAd HKCHEPTHU3BI.
DxcnepTu3bl OBIBAIOT pa3nuyHbIX BuaoB. K mnpumepy, cpeaum cyaeOHbIX
AKCIEPTU3 BBIACISAIOT:

- KpUMUHAJIUCTUYECKHUE (TPACOJOTHYeCcKre, OAINTUCTUYECKHUE U JIP.);
BEILIECTB U MaTEPHUAJIOB;

MEIULUHCKUE;
OHMOJIOTUYECKHE;
SKOHOMUYECKHE;
WHXCHEPHO-TEXHUYECKHE U JIP.

OCHOBHOW BHJ DJKCIEpPTH3, Ha3HA4YaeMbIX IO JejJaM O I[OoXKapax -—
MIOXKAPHO-TEXHUYECKAsT DJKCIEPTHU3a, OTHOCAIASACS K KJIAacCy WHXKEHEPHO-
TEXHUYECKUX dKcnepTu3. g mpoBeneHus moKapHO-TEXHUUECKON IKCIIEPTU3BI
KaKk TpaBUJO TMPHUBJIEKAIOTCI OKCHEPTbl CYIeOHOM AKCHEepTH3bl JUO0
COTPYAHUKHU MCCIIENOBATEIBCKON HCHBITATENILHON MOXapHOU JabopaTopuu
(cneruanuct MATLT).

[TpoueccyanbHbIil CTATyC JKCHEPTA, KaK M CHEUUAIUCTA, UX IIpaBa M
00s13aHHOCTH, a TaKkKe NOPsI0K POU3BOJICTBA AKCIEPTHU3bI
periiaMeHTUpoBaHbl cTaThsiMU 79 u 80 YTOJOBHO-TIPOLIECCYATBHOTO KOJEKCa
Pecniyonuku Kazaxcrau[9].

B kauecTBe cnenmnanucra Ajs y4acTus B MPOU3BOJACTBE MO YTOJIOBHOMY
ey MOXKET ObITh MPUBJICYEHO HE 3aMHTEPECOBAHHOE B Jeje JHIO,
oOiajaromee cHenualIbHBIMU 3HAHUSAMHU, HEOOXOJAUMBIMH [JII OKa3aHUs
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CONEHCTBUS B COOMpAHWU, HCCIENOBAaHUU U OIEHKE JO0Ka3aTENbCTB IyTEM
Pa3bsCHEHUsI YYAaCTHUKAM YTOJIOBHOTO MpOILEcca BOMPOCOB, BXOASIIUX B €ro
CIIEHUATbHYI0 KOMIIETECHIIMIO, a TAaKXE NPUMEHEHUS HAyYHO-TEXHUYECKUX
CpEICTB.

[TokapHO-TEXHUYECKAsT SKCHEpPTH3a PEIIAET B OCHOBHOM CIEAYIOLINE
3aJjaui:

-MCCJIIEJOBAHUE CJIEJOB TEMJIOBOTO BO3JACUCTBUS Ha KOHCTPYKIIUH,
Matepuanbl U O0OpylOBaHME MPH TOXKApe C LENbI0 YCTAaHOBJICHHUS MECTa
BO3HUKHOBEHUS MOXkapa (ovara noxapa);

-ONpeAeIeHHE HENOCPEICTBEHHONW (TEXHHUYECKO) MNpPHUYMHBI IOXKapa,
YCJIOBUM U BPEMEHU BO3HUKHOBEHUS TOPEHUS;

-MCCJIEIOBAHUE YCIOBUM M OCOOEHHOCTEHW pa3BUTHUS TOpPEHHs (TOpeHHE
MPEAMETOB, MATEPUAIIOB, KOHCTPYKUMM 3JaHUM WU COOPYKEHHH; B KaKOM
HaINpaBJICHUU U TTOYEMY Pa3BUBAIOCH TOPEHHUE);

- YCTAHOBJIEHHE MMEBIIMX MECTO HApYIIEHWI NpaBWil MOKAPHOU
0€30MacHOCTH, CTPOUTENIBHBIX HOPM M MpaBWi (B YacTU MPOTUBOIMOMXKAPHBIX
TpeOoBaHuil), mpaBuia ycTpoiicTBa a3nekTpoyctaHoBok (I[IYD) wu napyrux
HOPMAaTHUBHBIX JOKYMEHTOB, OIpPEAECICHUE NPUUYMHHON CBSI3U MEKAY STHUMH
HApYUIEHUSIMU U BO3HUKHOBEHHEM TOPEHHUS, €TO PA3BUTUEM M MOCIEICTBUSIMH .

Bompocel, KoTOpble CTaBATCA Ha pa3pelieHUuE CIEUHUAIUCTy U
(GOpMyIHpPOBKA UX MOKET ObITh camasi pa3jinuyHasi, HO OHM HH B KOEM cllyyae
HE JOJDKHBI BRIXOJAUTH 3a MPEJeIbl pelIaeMbIX dKCrepToM 3anad[l].

O0beKThI NOKAPHO-TEXHUYECKOM IKCIEPTU3BI

Y Kaxaoro BHAA OKCIOEPTU3BI - CBOM cheruduueckue OOBEKTHI
uccinenoBanus.Harmpumep, B TaKTUIIOCKONMYECKOW OKCHEPTU3E€ - OTMHEYATKU
NajablEB Ha Pa3IMYHBIX O0OBEKTAX, B TPACOJIOTMUECKON - MYJIH, TUIIb3bI, XOJIOAHOE
U OTHECTpesibHOe opykue. OObeKTaMH HCCIENOBaHUS B MOXAPHO-TEXHUYECKOU
DKCIEPTU3E ABIISIOTCS:

- MaTepuagbHas 00CTaHOBKA Ha MECTE MoKapa (CIeHaInCT, IKCIIEPT MOKET
BBIE3)KaTh Ha MECTO MOKapa M UCCIIE0BATh €T0);

- BEILIECTBCHHBIE JOKA3aTEJIbCTBA, U3bIMAEMBIE C MECTA I10KAPA;

- MaTE€pUAJIBI YTOJIOBHOTO JIEJIa I10 MOKAapYy.

CrnenoBatenb UK J03HABATEh, HE UMEsI CIICIIMAIIbHBIX TMO3HAHUM, ObIBAIOT
HE B COCTOSIHUM CaMOCTOSITENIBHO pa3o0paThCsi C MMEIOUIMMUCH TEXHHUYECKUMH
JTAaHHBIMU T10 TI0KAPY Y MPABUIIBHO X OLICHUTb.

OHu mpenocTaBisieT 3TO AKcHepTy Jubo cneuuanucty. M Ha mpaktuke
MPOUCXOMAST TaKUE Clydau, KOTJa CHEHUATUCTy MPUXOJUTCS padoTaTh ¢
MaTepuajiaMl YroJIOBHOTO Jieja.JKclepTu3a MOXKET ObITh Ha3HaueHa 1o
MPOILIECTBUU MECSIIEB, @ TO U JIET MOCJIe MoKapa U MaTepuaIbHOM OOCTAaHOBKH K
TOMY BPEMEHM YaCTO YK€ HE CYILIECTBYET, a BEIIECTBEHHBIC 0KA3aTEJIbCTBA HE
Bcera ObIBAIOT U3BATHL. B pesynbTaTe eMMHCTBEHHBIM UCTOYHUKOM WH(MOpMAIIH
I10 MOYXKAPY CTAHOBATCS MaTEPUAJIBI YTOJIOBHOTO JI€Na - MPOTOKOJIBI OCMOTPA MECTa
noxkapa, Moka3zaHusi cBujeresned u Ap. M ecnm 3TH Marepuasnbl MOJATOTOBIICHbI
II0X0, POPMATBHO, TO IKCIEPT MAJIO YTO CMOXKET B ATOH cUTyanuu caenatb[5].
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Buabl akcneprus

[Io o0bemy wuccieqoBaHUSI OSKCHEPTU3bl, B TOM YHCIE M MOXKAPHO-
TEXHUYECKHUE, JMENIATCS Ha OCHOBHBIE M JIONOJHUTEIbHBIE. JlOmONMHUTENBHAS
DKCHEPTU3a HA3HAYAETCA IPU HEMOJHOTE WM HESICHOCTU BBIBOJOB OCHOBHOM
DKCHEPTU3BI.

[To mocnenoBaTenbHOCTH TPOBEACHUS SKCIEPTU3bl MOAPA3ICISAIOTCS Ha
NEpBUYHbIC U TOBTOPHBIE. [[OBTOPHON Ha3BIBAETCSA AKCHEPTHU3A, MPOBOAUMAS IO
TEM JXK€ O0OBEKTaM W pelIaroliasi T€ K€ BOIPOCHI, YTO U MEPBHYHAS DKCIEPTHU3A,
3aKJIIOUEHUST KOTOPOU MPU3HAHO HEOOOCHOBAHHBIM MJTH BBI3BIBAET COMHEHHUSI.

[1o YMCIEHHOCTH U COCTaBY UCIIOJIHUTEIEH IKCIIEPTU3bI OIPA3ALISAIOTCA Ha
€UHOJINYHbIC, KOMUCCUOHHBIE U KOMIUIEKCHbIC. EMMHOMMYHYIO MPOBOJIUT OJUH
JKCIIEPT, KOMHCCHOHHYIO - KOMHUCCHS, COCTOSIIIasi M3 JIBYX M Oojiee DKCIEPTOB
olHON crnenuanu3anuu. KOMIUIEKCHYIO 3KCHEPTH3y BBIIOIHIIOT HECKOJIBKO
9KCIEPTOB Pa3HBIX CHEIHMAIbHOCTEH[8].

Y4acrue 3Kcnepra B CyAeOHOM NPOM3BOACTBE

B kauecTBe sKkcmepra MOXKET ObITh BBI3BAHO HE3aMHTEPECOBAHHOE B JIEJE
U0, oO0Jamaroliee CHerualibHbIMU HAayYHbIMU 3HaHUsMU. VHbIE TpeOoBaHUS,
OpEeAbABISIEMbIE K JIHILy, KOTOPOMY MOXKET OBITh IMOPYYEHO MPOU3BOJCTBO
DKCHEPTU3bl, YCTAHABIMBAIOTCS YaCTblO TMepBol craTb 273  YTOJIOBHO-
npoueccyaiabHoro kojekca Pecny6nuku Kazaxcras.

Bb30B  3Kcmepra,  Ha3HAUeHWE U MPOU3BOJCTBO  SKCHEPTHU3BI
OCYILIECTBIISIIOTCS. B MOPSIAKE, TPEAYCMOTPEHHOM B I1aBe 35, a Takxke cratben 373
YronoBHO-MIporeccyaibHOTO Kojekca Pecrryonuku Kazaxcran[9].

[ToxxapHO-TexHMUYECKas dKcnepTu3a (Kak W Jrodas apyras) MOXKET ObITh
Ha3HAuY€Ha HE TOJBKO B XOJ€ MPEABAPUTENILHOIO paccieOBaHUs, HO U B XOHE
paccMoTpeHus Jena no mnoxapy B cyge. Cyn MOXKeT caeilaTh 3TO Kak 110
COOCTBEHHOW WHUIIMATHBE, TaK W IO XOJATalWCTBy CTOpOH. MoxkeTr ObITh
Ha3Hau€HAa W TIOBTOpPHAs, JMOO JOMOJHUTENbHAS SKCHEpTH3a MPU HATUYHH
MPOTUBOPEUHI MEKAY 3aKIIOUCHUSIMH SKCIIEPTOB.

[ToskapHO-TEXHUYECKHI DKCIEPT, KaK U CICIMAIUCT, MOTYT OBITh BBI3BAHBI
Ha 3ace/laHue cyza JUIsl I0Npoca C UEIbI0 Pa3bICHEHUS WM JOMOJHEHUS TaHHOTO
uMH 3akitodyeHud. [lociie ornameHusi 3akiFOUYEHUS JAHHOTO JKCIEPTOMUIIN
CHEIUATNCTOMEMY MOTYT OBITh 3a/1aHbl BOMPOCHI CTOPOHAMH.

Cyn c ydactTueM CTOPOH, a TakXke NpH HEOOXOAUMOCTH C Y4acTHEM
CBUJETENEH, JKclepra W CHEIUAIMCTOB MOXET MPOBOAUTH CIEACTBEHHBIM
HKCIIEPUMEHT.

1.2 PaboTa Ha KPYIHBIX MOKapax

Ha xpynHbIX moxapax HeT He0OXOIUMOCTH MPOBOJIUTH MPOBEPKY MO (pakTy
Mo’kapa - OUYEBHIHBIN KPYIHBIA MaTepuaIbHbINA yIiepO u (Win) THOeNb JItoIeh yKe
SIBJISFOTCSI OCHOBAHHMEM JIJIsI He3aMe NI TEIHLHOTO BO30YK/EHUS YTOJIOBHOTO Jea.

st OpicTpoit M 3¢ dekTuBHON paboThl "Mo TopsuyuM ciegam" B padoTy
JIOJKHBIL BKJIFOUATBhCSL CJIEICTBEHHO-ONEPATUBHBIE TPYNIbl. B Tpynmbl JTOMKHBI
BKJIIOYATHCS OIBITHBIE, TPOIIEIINE CIIEIUATbHYIO MOATOTOBKYCIIEIIMAIUCTHI.
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Briesng Ha kpymHble noxapsl nogpaszpenennii MUILI permamentupoBan
BHyTpeHHMM TipukazoM MBJI Pecniy6nuku Kazaxcran (ITpuka3 Ne510 ot 27 urons
2017 rtoma «OO6 yrBepxkiaeHuu IlpaBui1  OCyIIECTBICHHS JCATEILHOCTH
UCCJIEI0BATENLCKUX UCIIBITATENbHBIX JIA00PATOPHIN.

I[To BO3MOXHOCTM OCMOTpP MECTa IOXKapa [OJHKEH HAYMHATBCSA N0 €ro
mukBuaanuu. Cremyer CTpeMHTCS K TOMY, YTOOBI onepaTUBHAs TpyMa npuobLia
Ha MECTO MPOUCHIECTBUS OJHOBPEMEHHO WJIM B CJE€l 3a [OXapHbIMU
NoApa3AeICHUAMU. OTO TIO3BOJIUT HEMOCPEACTBEHHO HAOMIONATh XapakTep
pacnpocTpaHEHUs TToKapa, ero (aKTOPhl UMEIOIINE 3HAUCHUS IS Jea.

HeoOxoaumo BBIACHHTH, KaKWe€ M3MEHEHHS BHOCHUJIIMCh B OOCTAaHOBKY Ha
MecCTe MOoKapa B XO/Ie TYIIEHUS U 0 €ro OKoHYaHnio. Kem U 1o kakum npuauHam
MPOU3BEJCHB HM3MCHCHUS: €CTECTBEHHBIC, CJEJIaHHbIE TI0 HEOOXOIUMOCTH
(cOuBaHME 3aMKOB JUIsl TMOJA4d OTHETYIIAMX CPEACTB BHYTPb TOPSIIETO
MOMEIIEHHUS ), IO HEOCTOPOKHOCTH MJIM YMBIIUICHO 3aMHTEPECOBAHHBIMU B UCXO/IE
JieJia JIUIaMHU, TOCTOPOHHUMU U.T.I1.

[lo xpynHbIM mMOXapaMm, TOTOBUTCSA omnucaHue moxapa. Ilpu »Tom
OTpabaThIBAIOTCS BOMPOCHI TaKWe Kak: ouar, MpPUYUHA, Pa3BUTUE TOPEHUS,
YCJIOBHSI, CIIOCOOCTBOBABIIINE Pa3BUTHIO ropeHus[1].

1.3. PadoTa Ha mecTe noxkapa cneuuajaucra MAILJ

[lo mpubsITHIO Ha MecTo noxkapa crneruanuct UHUIIJI oObyHO BBINIOJIHSET
CJIeIyIOLIUE 3a/1auu:

a) Obwas opuenmuposka u noyyeHue npedCcmasieHus 0 noxcape.

Breiacasiercss  HasHaueHne — 00BEeKTa, Ha  KOTOPOM  TMPOMCXOIUT
TO’Kap,yCTAaHABIMBAIOTCS TOPSIINE 3IaHUS U TIOMEIICHHUS.

Ecnu roput 3aBom miM CKiaa, HY’)KHO BBISICHUTH XapaKTep IPOW3BOJCTBA,
TEXHOJIOTUYECKOTO TIPOIEeCcCa, XUMUYECKYI0 TMPUPOAY XPAHUMBIX BEIIECTB U
MatepuanioB. Ha moskape, eciu TpyaHO pa3oOpaTthCcsi BO BCEM 3TOM CamMOMY,
clenyeT OoOpaTHThCS K JSKYPHOMY TMEpPCOHAIY, TEXHOJIOTY, JAPYroMy
UMEIOIIEMYCSI TaM KOMIIETEHTHOMY JIUILY.

0) Opuenmupoexa Ha MecmHOCU U 8 30aAHUU.

VYcranaBnuBaeTcss B3aMMHOE  PACIIONIOKEHUE TOPSIIEr0 ¢ CMEKHBIX
00BEKTOB, 3/IaHUI, TTOCTPOEK.

Ecnmu waOmroneHwe 3a TOpSIIAM 37JaHUEM BEACTCS CHApYXKH, HaJo
pazobparThbcs, KaKoe OKHO KaKOMY ITOMEIICHUIO MPUHAICKHUT. DTO TIOHAIOOUTCS
NIPY OINMCAHWH PA3BUTHs TOPCHHSI 1O TIOMEIICHHUSIM W TMPH YCTAHOBJICHWW odara
no’kapa.

B) Quxcayus pazgumusi eopenusl, nogedeHus Mamepuanlos, CmpoumenbHbix
KOHCMPYKYULl, Oeticmauti noopaszoeieHull no myueHur noxicapa.

dukcanusi MPEXKAEe BCETO MPOBOAUTCA TyTeM (OTO- W BUICOCHEMKH, a
TaK)Ke 3amucell B OJIOKHOT pa3BUTHs coObITH. HeoOxomumo 00si3aTenbHO yKa3aTh
Bpems. HyxkHo o0s3atenbHO 3adukcupoBaTh MecTa HamOoJiee WHTECHCHUBHOTO
TOpPEHUs, MECTa U BpeMs pa3pylICHUs] OCTEKJICHUs, OOpyIIIeHnust KpOoBJIH, U T.1. Bece
9TH JaHHBIE MOTYT OY€Hb TMPUTOIUTHCA B JAJbHEUIIEM W TpPU YCTAHOBJICHUH
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IPUYMHBI IOKApa.

Kaptuna noxapa ObicTpo mensiercs. [loaToMy HaOnropeHue KenaTenbHO
BECTU Ha Pa3IMYHBIX ydacTKax I0Xapa, MEPpUOJUUYECKH BO3BPAIIAsICh HA MPEKHUE
MecTa.

Cnenyer oOpamarb Ipu 3TOM BHUMAHUE Ha  HalpaBlIEHUE W
IOCJIEI0BATEIBHOCTD PACIIPOCTPAHEHUS TOPEHUS 110 3[aHUIO - CYsl 110 TIOSBJICHUIO
JbIMa, TUIAMEHU, Pa3pyLIEHUIO OCTEKJICHUS, OOPYIIEHUIO KOHCTPYKIUH U T.J.

[Ipu HabmromeHUN 3a MOXKapoM, HEOOXOAMMOYKa3aTh HAIpaBICHHE BETpa
(BBIXOJA JAbIMA). 3HAHHE ATOTO MapaMeTpa MOXKET MOHAJAOOUTHCA MPHU PEUICHUH
BOIpoca 00 ovare (oyarax) rmoskapa  myTsiX pacpoCTpaHeHus TopeHus[S].

L BeTHOCTB ABIMA

B pa3nuuHbIX JIUTEpATypHBIX HCTOYHHMKAX I10 HCCIEHOBAHUIO IMOKapOB
YKa3bIBa€TCs, YTO MO ILBETY AbIMA MOKHO YCTAHOBUTbH, KaKOE€ BEIIECTBO WIIU
Matepuan roputr. Ho He Bceraa 3to Tak. [[BETHOCTH, JpIMa 3aBUCUT OT IOJHOTBI
CrOpaHusi OpPraHMYECKOrOo BEIIECTBAa, a OHAa ONPEHEISETCS  YCIOBHUAMH
BO3yXooOMeHa u Jpyrumu (¢akropamu. boiee-MeHee TOCTOBEPHO MOXKHO
YTBEPKAATh JIMIIb TO, YTO JBIM PBDKETO I[BETACBUICTEIBCTBYET O TOPEHUU
a30TcoepXkKallliX BEIIECTB (TAaKOM LBET IbIMY MPHUAAIOT OKUCIBI a30Ta). O4eHb
IYCTOW 4YepHBIH JbIM 0Opa3yeTcsi MpH TOPEHUU CaKEHAIOJHEHHBIX IOJIMMEPOB,
HaIlpUMED,PE3UHBI.

A cam (QaxkT BbIX0oAa JbIMa U3 TOrO WJIM MHOTO MPOEMA, €T0 MHTEHCUBHOCTD
Y HAaNpaBJIEHHOCTh, 3a(MKCHUPOBATH BCE-TaKM HeoOxoaumo. [l 3Toro Hago
oOpamatb BHUMaHUE (M MPOU3BOAUTH 3AIUCH, B JIMHAMHUKE, C YKa3aHUEM
BPEMEHHU), U3 KAKMX OKOH WMJIM JBEpPEH BBIXOJUT IbIM WJIM BBIPHIBAECTCS ABIM U
miamsi, HaOMIOJAIUCh JIM OHU 32 CTEKJIaMH OKOH WM OKOHHOE OCTEKJICHHE
pa3pyllieHo, HO JbIMa U MJIAMEHU HET.

DoT0- ¥ BUIEOCHEMKA

®oTo- U BUACOCHEMKA JAIOT OUYEHb LIEHHYIO U, TJIaBHOE, OOBEKTHUBHYIO
UHGOPMAIIMIO O PAa3BUTUU TOPEHMSI U ACUCTBUSIX MO TymeHuto. OaHaKo, YTOOBI
uMeTh  Takyr  uHbopmarmio, crneuuanuct HWUIUJI  momken  umerthb
COOTBETCTBYIOIIKE HaBbIKA. OcoOeHHO Tosie3Ha PoTochemMKka "Bo BpeMeHH'", T.€. C
¢dukcanuell BpeMeHU ChEeMKU Kaxaoro kajapa. Iloatomy Buzmeo uinu potocheMky
JKEJNaTeIbHO MPOBOJAUTH CO BKJIFOYEHHBIM TalMEPOB BPEMEHU M YCTaHOBJICHHBIM
IITAaMIIOM C JAaTOM.

Crneunanucty mocie mokapa Kak MOXKHO paHbllle HeoOXOJUMO MPOBECTH
OCMOTpP YCTPOMCTB 3JIEKTPO3AIUTHI BHE 30HBI TOPEHHUS, & TAK)KE KOHTPOJIbHO-
U3MEpPUTENBHBIX MPUOOPOB HA NPOU3BOJCTBE, OCOOCHHO caMonuurymux. Yem
paHble 3T0 OyAeT cAenaHo, TeMm Jyuiie. Beikmrodarenu, pyOWJIIBHUKHA MOTYT
NEepellesIKHYTh M TOXKapHble, W TMOCTOPOHHHUE JIIOJIM, HHPOPMALUIO C
CaMOIUIIYIINX YCTPOUCTB (KaMep BHICOHAOIIOACHUS) MOTYT MOXUTUTH JIMIA, B
3TOM 3aumHTepecoBaHHble. [loaTOMy, ecinu OyneT Takas BO3MOXXHOCTh, Ha
3aKJIIOUUTENBHOM CTaJuU TYUIEHUS HY)XHO OCMOTPETb U 3a(pUKCHUpPOBATh
COCTOSIHME BBILIEMIEPEUHCIEHHOT0 000py10BaHMs, a HHPOPMAIIUIO C CAMOMIMCIICB
U3BATH.
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Ha cramuu paz6opku u nposmBku crienuanuct UATLI nomken cnenuts, Tae
U Kakas Mpou3BOAMWIIACH pa3zdopka KoHCTpykiui. [lo Bo3MOXHOCTH Haa0
CIIOCOOCTBOBATh COXPAHEHHMIO OOCTAHOBKM U CTAapaThCs CHENaTh TaK, 4TOOBI Ha
ATOM 3Tarne pabdoThl KaKk MOKHO MEHBIIE JOMAJIOCh W BBIKUJIBIBAIOCh. OcoOoro
BHUMAaHHUS W OEpPEeXKHOTO0 OTHOUIEHUS TPEOYIOT BO3MOXHBIE OYaroBbl€ 30HBI U
HaAXOJAIIMECs B HUX BEICCTBCHHBIC ToKa3aTeabcTBa[l].

1.4. PaboTa 103HaBaTeJI HA MeCTe MoKapa

Jlo3Hanue 1o aenam o noxapax B Pecnyonuku Kazaxcran ocyiiecTBiisieTCsB
OCHOBHOM COTPYJHUKaM{ OpPraHOB BHYTpEeHHUX Jel. Pabota no3HaBartens c
caMOTO Hayajia JA0JKHA ONPENeAThCS 3aJa4aMy MTPOBEACHHS MTPOBEPKH MO (PakTy
noxapa. Eile Ha craauu TynieHus HEOOXOAUMO CAENaTh CJIEAYIOIIee:

a) YCTaHOBUTH TMEPBBIX OYEBUJIECB, OOHAPYXUBIIUX TIOXKAp, BBISICHUTH
o0CTOATENIbCTBA OOHApPY)KCHHUS TOXKapa, MPU3HAKH, II0 KOTOPHIM OH ObLI
oOHapy»XeH, MeCTO, BpeMsl OOHAPY>KEHHUS U JIPYTUE CBEICHUS.

DTO BaXXHO CJlIeJIaTh MO "TopAdnM cieaaM', MoKa CBUACTEIN HaXOMSITCA MO
HETOCPECTBCHHBIM BIICUATIICHHEM I10XKapa W HE YCIeIu NpuayMarth "ymno0Hyro"
JUIs1 ceOsl MM PYKOBOJICTBA MPEANPpUATHS Bepcuio. JKenaTeabHo, YTOOBI KaX bl
M3 OYEBHUJIECB CAMOCTOSITEIBHO COCTaBMJI CXEMY MECTa IoXkapa C YKa3aHUEM,
OTKYJla OH YBHJICJ T€ UJIU UHBIC SIBJICHUS.

0) [losyunTh OT aAMUHUCTpPAIIUU CBEJCHUSI O TpEArnojiaraeMoM yiiepoe, a
TaKKe TEXHUYECKYIO U CIIYKEOHYIO TOKYMEHTAIMIO, XapaKTEPUCTUKY 0OBEKTA.

B 4ncio Takoi TOKyMEHTauyu MOTYT BXOJUTh:

- TCHILJIAH;

- CTPOUTEIbHBIC YEPTEKHU;

- CXeMbl TEXHOJIOTMUYECKUX TIPOIIECCOB, BOJIOCHAOXEHUS, CHUJIOBOM U
OCBETUTEIBLHOU JIEKTPOCETEM;

- )KYpHAQJIbI: SKCIUTyaTallul  3JIEKTPOXO035HCTBA, HaOmroJleHns  3a
MIPOTUBOIIOKAPHBIM COCTOSIHUEM OOBEKTa, ydeTa OTHEOIMacHBIX paboT, 3amucei o
BPEMCHHU NPHUHATHS TOJI OXpaHy IO OKOHYAHUM PabOThI MPOM3BOACTBEHHBIX M
CKJIQJICKMX MOMECILICHUH.

Bo u3bexanne yrepu TOKyMEHTAIIMH UX MOXHO HU3BATh O] PACIIUCKY JTHOO
choTorpadupoBath.

B) CoBMecTtHO ¢ cneruanuctom MUIIJI no3HaBarenb JOKEH KaK MOXKHO
ObICTpee TPOU3BECTH IEPBOHAYAIBHBIA OCMOTpP TEPPUTOPHUH, TAEC IMPOU3OIIEIT
nosxxap.

YacTo mo3HaBaTeIW COBEPIIAIOT OMIMOKY B TOM, UTO YJIEJSIOT OCHOBHOE
BHUMaHHE HETMOCPE/ICTBEHHO 30HE IMOKapa MPU 3TOM OCTaBJISIIOT 0€3 BHUMAaHUs
OKPY’KAIOITYI0 TEPPUTOPHIO 3AaHUS WU COOPYKEeHUS. OCMOTPETh OKPYXKAIOIIYIO
TEPPUTOPHIO MOXKHO YK€ B XOJI€ TYIICHUS TI0Kapa, 0COOEHHO €CIIA TOPST CKIIAJIbI,
Mara3uHbl U JIpyrue OOBEKTHI CO 3HAYUTEITHLHBIMU MaTepPUATBHBIMH IIEHHOCTSIMHU.
[Toxxap MOKET ObITh KPUMUHAIBHOTO XapakTepa (TIOKOT), TTOITOMY HEOTIOKHAs
¥ OCHOBHAs 3aJjaya OCMOTpa TEPPUTOPUU COCTOUT B TOM, UYTOOBI OOHAPYKUTH,
3aKpENUTh U COXPAHUTh BEIIECTBEHHbBIE JOKA3aTEIbCTBA U CJIEIbl TPECTYIICHUS.
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[loka ropur 00BEKT, a BHYTPUM TOXKApHBIE 3aBEPIIAIOT TYILIEHUE,
J03HABaTEJIIOHE00X0AUMO 000iTH ero Bokpyr. HyHO ocMOTpeTh OKHa, IBEpH,
OOIIMBKY CTE€H, B 3MMHEE BpEeMs OCMOTPETb CHEr BOKpYyr 3aaHusd. HyxHo
pa3zo0paThCsi, HET JIU CIEAOB MPOHUKHOBEHMS B 3/laHME WM noMeuieHue. [lotom
3TH CJIEeAbl MOKHO U HE OOHAPYXUTh, OHU MOTYT ObITh YHUUYTOKEHBI IPUPOIHBIMU
SBJICHUSIMH, 3JI0yMBIIIEHHUKaMU JTM00 MOPACTy UX 3aTOMYYT.

Bce o0OHapykeHHBbIE,UMEIOIIME 3HAYEHUs] NPEAMETHI, NPU3HAKHU, CIIEIbI
M3BIMAIOTCS B YCTAHOBJIEHHOM IMOPSIKE.

Ilocne 3aBepmieHMs TymeHWs Jo3HaBarenab W corpyaHuk MUILI
IPUCTYNAIOT K OCHOBHOM CTaANH CBOEH pa0dOTHI - OCMOTPY MECTA MOXKapa.

Kpome mnepeuncieHHBIX BbIIE 337a4, PYKOBOAMUTENI TYLIEHHS IOXkKapa
MOJKET TMOHAJA00UTHCS TOMOIIb TEXHUYECKOTO CHEIHAMCTa. JTO MOTYT OBITh
KOHCYJIbTalUM ~ OTHOCHUTEIIBHO  IIPOLIECCOB, NPOUCXOIAIIMX Ha  IMOXKape,
IIOTEHLUAJIBHOW OINACHOCTU TE€X WIM HHBIX TEXHOJOTHYECKUX IIPOLECCOB U
YCTPOWCTB, CBOMCTB MAaTE€pUaliOB M BEIIECTB OTHETYLIAIIUX CPEICTB U
BO3MOXKHOCTH UX NpuMeHeHus. [lyisg Toro ytoObl pemaTh MOA0OHBIE BONPOCH,
UH)XCHEp JIOJDKEH 00JIajaTh ONpPEJEICHHBIM HHTEJUIEKTYalbHbBIM —Oaraxom
CIICLIMAJIBHBIX3HAHUM, XOPOILIO MMETh B JCKYPHOUW MalIMHE U CIIPABOYHUKU IIO
TI0’KapOOTIACHBIM CBOWMCTBAM BEIIECTB, MATEPHAIOB M CPEACTBAM TylIeHuUs[5].

KoHTpoJibHBIE BOIPOCHI:

1. Ha3oBUTE OCHOBHBICTIOHATHS U BUJIbI IKCIIEPTU3.

2. HazoBuTE OCHOBHBIC 337291 MTOKAPHO-TEXHUIECCKON IKCTICPTU3HI.

3. HazoBuTe 00BEKTHI MOKAPHO-TEXHUICCKOMN IKCTIEPTH3HI.

4. Kakue 3a7audl BBITIOJHSIOTCS CIHEHHAINCTaAM IO MPUOBITHI0O K MECTY
noxapa?

5. Kakue 3a1aum BBITIOTHSAIOTCS Ha CTaIUU TYIICHUS TOXapa?

6. ®oTO-BUACOCHEMKA HA MECTE MOXKapa.

I'JTABA 2. COBOKYIIHOCTBH KOMIIVIEKCA JAHHBIX ITO
OYATIY IIOKAPA

2.1. ®opMupoBaHue CJIeA0BOH KAPTUHBI MOkKApPa

Mecto moxapa - 3TO UPE3BBIYANHO CIIOKHBIH OOBEKT SKCHEPTHBIX
uccnenoBanuii. COCTOSHME HaXOASAIIUXCS HAa HEM MaTepHAbHBIX MPEIMETOB
OTIPENIeIIICTCS COBOKYITHBIM B3aUMO/JICUCTBUEM MHOXKECTBA (DAKTOPOB:

- aBapUUHBIMU CUTYaALUSIMU, TIPUBEIITMMHU K TIOXKAPY;

- pa3HOOOpa3reM MOKapHOU Harpy3Ku B €€ UCXOJTHOM BUJIE;

- pa3pylaoM BO3ACHCTBUEM FOPEHHUS U MIPOLIECCOB TEIUJIONEpEaauH;

- HEOCTOPOKHBIMU WJIM YMBIIUJIEHHBIMU MTOCTYIKAMU JTHOJIEH;

- ICUCTBUSAMM MOKAPHBIX MOAPA3ACICHUN TPU JTUKBUIALUA [10KAPA;

- BIUSHUEM  apXUTEKTYPHO-TUIAHUPOBOYHBIX OCOOEHHOCTEW 3/aHus U
COOPYKEHUS;

- BIIMSTHUEM OKPYXAIOIIei cpenibl U T.1.
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CrnenoBasi KapTHHA TMOXapa XapaKTepu3yeTcs OONBIIMM pa3zHOOOpa3ueM
Pa3HOPOJHBIX CJENOB W MPU3HAKOB, 3aKIIOYAIOIIMX B ce0e MOTEHIHAIBbHYIO
uH(OpPMAIUIO O MPECTYIMHUKE, O MEXaHU3ME COBEPIICHHS MPECTYIUICHUS U 00
OOBEKTUBHBIX 3aKOHOMEPHOCTSIX BO3SHUKHOBEHHUSI U TYIICHUS TOKapa.

Ha Mecrtax noxapoB yaie BCEro BBIAEISAIOT TPU IPYIIbI B3aUMOCBSI3aHHBIX
cieoB (pucyHok2.1):

1) TpaaAMIIMOHHBIE KPUMUHATTUCTUUECKUE CIIE]IbI;

2) cneapl TOPEHUsS. U TEPMUYECKOTO MOPAKEHUS;

3) caeabl IPECTYIHBIX IEHCTBUM 110 MTHUIUUPOBAHUIO TOPEHUSL.

[lepBas rpynna ciaesoB BCTPEYAOTCA Ha MecTe JIIo00ro npectyruieHus. s
UX W3YYEHUS UCIOJIb3YIOTCS METOJIbl U IPHUEMbl KPUMUHAIUCTUUECKUX IKCIEPTU3
(TpacoJIOTUYECKOM, MAaKTHIIOCKOMUYECKON, OaTTUCTHYeCKO u T.1.). BTopas u
TPEThsl TPYIIBI CIEAOB XapaKTEPHbl UMEHHO JII MECT IMOXAapOB U COCTABISET
OCOOCHHYIO 9aCTh SKCIEPTHBIX MCCIICOBAaHMIA IO JIeiaM O Toxkapax[5].

Cucrema CJIEJOB Ha MECTE IoKapa

Caeabl npecTYHHBIX
TpaaauaoOHHDbIE Caeanl ropeans 3
AeHCTBHE 1o
KPHMHHAIHCTH - H TEPMHYECKOro
" HHHOHHPOBAHHIO
qeCKHe C1eabl BO3JeHCTBHSA
ropeHus

- OTHEeYaTRH Na/JbleB - octaTrue JIB/K u I'/K,
H HHbIe OHO/IOrHYeCKHe - TpeHepswl,
clieabl, - parenni,
- ;16161 00YBH, - YCTpOHCTBA A8
- ¢J1eabl TPAHCHOPTHBIX noaxora
cpexcTs,
- CJIedbl B3JIOMAa H
NPOHHRKHOBEHHSA

Pucynok 2.1.Knaccudukanus cie1oB Ha MeCTe MoXapa 1o HCTOUHUKAM UX
dbopmupoBaHUS

dopMHpOBaHUE CIEIOBOW KapTHHBI IT0XKAapa HAYMHAECTCA €IlIe 10 MOMEHTa
TOpeHus H BKIIOYaeT B ce0s Heckonbko craamid. [lepBast craamst —cramus
MOATOTOBKU YCJIOBUW [IJII BO3HUKHOBEHHMS Moxkapa. OHa MOXKET 3aKI04YaThbCsl B
MOJITOTOBKE CPEJICTB TOJ/KOTA, HAPYIIEHWW TPAaBWII TMOKapHOW O€30MMacHOCTH,
dbopMUpOBaHUU TOPrOYEH CpPebl U T.1.

Bropas cramus cBsizaHa C BO3JACHMCTBUEM HCTOYHHUKA 3aKUTaHUS Ha
TOPIOYYI0 Cpeay W HadalioM ropeHus. llogBmarorca cienpl BO3ACHUCTBUS
HMCTOYHUKA MOKapa Ha OKPYKAIOIIYI0 OOCTaHOBKY.

Ha Ttpetbeii cranuu GopMupyeTcs odar mnoxapa ¥ XapakKTepHbIE ISl HETO
cieapl (04aroBbld KOHYC, XapaKTepHbIE MPOrapbl B CTPOUTEIIBHBIX KOHCTPYKITUSIX
U T.IL.).
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YerBepTas cragusi XapakTepu3yeTcsl clieJaMH, HeCYIIUMU UH(POPMAIUIO O
pa3BUTHUN TOPEHUSI (HAIIPABJIEHHOCTb, AMHAMUKA U T.J1.).

[IaTas cragusi cBsi3aHa CO ClieaMM TYIICHMs MOXapa U JUKBUJALUH €ro
MOCJICACTBUI.

Ha peanpHOM mnoxkape o00s3aTe€IbHO MPUCYTCTBYIOT IEPBbIE TPU CTAJUU.
YerBepToil M NATOM CTaAuil, MpPH OINpPENEICHHBIX YCIOBUAX (HAapuMmep, IpH
CaMOJIMKBHUJAIMHU TI0Kapa B HM30JUPOBAHHOM IIOMEILEHNHU), MOXKET U HE OBITh.
Cnenyer wuMeTb B BHUAY, UYTO Kaxaas TMOCJIEAyIOMIas CTaaus OKa3bIBaeT
3HAYHUTEIBHOE BIUSHIE HA C(POPMUPOBABIIYIOCS JI0 3TOTO 00CTaHOBKY[5].

Caeapl NOATOTOBKY YCJIOBHIi 1JI1 BOBHUKHOBEHUSI TOPeHUA

OO0s13aTENbHBIM yCIIOBUEM BO3HUKHOBEHUSI TOPEHUS SIBISIETCS IPUCYTCTBHE
B 0YaroBOW 30HE TpeX MaTepUaiIbHBIX OOBEKTOB, 00Pa3yIOIIUX TaK Ha3bIBAEMbIN
«TPEYTOJBHUK TOoKapa» (KUCIOPOJ, TOprouee BEIIECTBO, UCTOYHHUK 3a)KUTAHUSA).
Crnenpl aHHOW KaTeropuu, €Clid OHM C(HOPMHUPYIOTCS M COXPAHSIOTCA B XOJ€
no’kapa, HecyT HMH(OpPMalMIO O TOpHYEH cpene, CO3JAaHUU YCIOBUM 1Js ee
BO3rOpaHUs U, B OTHAEIbHBIX CIIydasX, O MOATOTOBKE MCTOYHHMKA 3akuranus. B
Cllydasix MOJKOra - O CO3/IaHUU YCJIOBHUH 711 YHUUYTOKEHUS WK COKPBITHUS CIIEJOB
OpECTYIUICHUS, YCJIOBUW 1 pa3BUTHUS TOXKapa, a TakkKe YCJIOBHI,
HPEISITCTBYIONIMX €ro TyIeHuto U T.11.[1].

Cienpl ouara mo:xkapa

Odvarom moXapa Ha3bIBa€TCS MECTO TEPBOHAYAIHLHOTO BO3HHUKHOBEHHS
ropenus. [Ipexae Bcero oHO CBSI3aHO C MCTOYHUKOM 3aKUTAHHUS M COBMEIIACT B
cebOe ciieqipl BO3ACUCTBUS UCTOYHUKA HAa OKPYXKAIOIIYIO CPEAyY, CaM UCTOYHHK WJIH
€ro OCTaTKU (€CIM OHW HE OBbUIM YTPAu€HBI), a TaKXKe CJIEAbl, XapaKTEePU3YyIOII1e
HEMOCPEICTBEHHO OYar.

Caeapl HCTOYHHUKA 325KUTAHUS

[lon cnemamMu HMCTOYHMKA 3aKUTaHUST HEOOXOIMMO TMOHUMATh JHOObIE
U3MEHEHHUS, BHECEHHbIE UM B OKPY’XKaIOILIlyl0 0O0CTaHOBKY. OHH, Kak MpaBuIo,
JOKaJIM30BaHbl B Oyare IMo)kapa U HEPa3pbIBHO C HUM CBSI3aHbl B OTJIMYHE OT
CaMoOro MCTOYHUKA 3aKUTaHMsI, KOTOPOTO Ha MECTE T0YKapa B MOMEHT €ro 0OCMOTpa
MOKET M He ObIThb. DTU CJIEIbl XapaKTEPU3YIOT HEMOCPEJACTBEHHO OOBEKT WIIU
IPOLECC, BO3ACWCTBHE KOTOPOTO HAa OKPYXKAIOIIYIH0 OOCTaHOBKY IPUBENO K
BO3HMKHOBEHHUIO TMokapa. lccrnenoBanue ciefgoB JaHHOIO THIA MO3BOJISET
peluTh BOMPOC O TMPUYHMHE TMOXKapa W MPaBOBOM OICHKE COOBITHA. (CIEBI,
OCTaBJICHHOTO BKJIIOUEHHBIM, YTIOTAa WM KHUISTWIBHAKA Ha OKPYKAIOIIUX
npeaMeTax WM CIeIbl TICHUS MaJIOMOITHOTO NCTOUYHUKA 3a)KUTaHUSA).

Cueanbl pa3BUTHSA TOPEHUS

3HaYnTENbHOC BHUMAaHUE HEOOXOUMO YAETATh CleaM Pa3BUTHUS TOPEHHUS,
OHHU Ha3bIBAIOTCS TIPU3HAKAMU HAMIPABJICHHOCTH TOPEHUS. DTH CIIEBI OTHOCITCS K
IpU3HaKaM odvara IMoskapa, Tak’ke K HUIM OTHOCSIT MOCJI€A0BATENbHOE 3aTyXatolIne
(HapacTaromye) TMOPaKEHUST M IPOU3BOJIBHO  PACIOJOKEHHBIE IMPU3HAKH
HaMpaBJICHHOCTH pacHpOCTpaHeHus ropenus|[2].
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Cienpbl TylIeHUs MOKapa U JJUKBUAALNMHU €ro NMocJieACTBUI

Cepbe3Hbie U3MEHEHUS B CIEIOBYIO KapTUHY M0XKapa BHOCAT YYaCTHUKHU €0
TYyIIEHUs] M TOCTOPOHHUE JIMIa. OTW U3MEHEHHs BeAyT K yTpare
KPUMUHAIMCTUYECKA 3HAYMMOM WHGpopMauu. XOTs pa3jiudyHble HOPMATHUBHBIC
JIOKYMEHTBI 0053bIBAIOT PYKOBOJUTENCH TYLIEHUS MMOXKapa MPUHUMATh BCE MEPHI K
COXpaHEHUI0 OOCTaHOBKM Ha MECTE IMOXKapa, BCe ke OoJiblliasg 4YacTh CIIEIOB
yTpauyuBaeTCsl MMEHHO Ha 3TOM 3Tane. JTO MPOUCXOJUT MO PAay MPUYHH, K
KOTOPBIM OTHOCSITCSI:

- HEMOHMMAHHE YYaCTHHKAMHU TYIICHHS IOKapOB BAKHOCTH COXPaHEHHS
MeCTa MPOUCIIECTBUS C MUHUMAJIbHBIMU «MCKKCHUSIMMY;

- BTOPOCTENIEHHOCTh JUIsl pyKoBoaWTened TyueHuss noxkapoB (PTII)
BOMNPOCOB paccle[OBaHUs TOXKapa IO CPaBHEHHIO C HEOOXOAMMOCTBIO €ro
TYIICHUS

- HECOBEPIIEHCTBO CPECTB TYIIECHUS U T. 1.

PaccmatpuBasi cuctemy clieZJoB IMOKapa ¢ MHOM TOYKHM 3peHHUs (TO €CTb,
OPUMEHSISE K HUIM MHOW MPUHIUI PACUIICHEHUS) MOXKHO PA3JCIUTh UX Ha CIIEIBI
aHTPONOIEHHOTO XapakTepa MW CIeIbl CcaMmMoro Io)kapa U SBJIEHHMH, €ro
cornpoBokaaroImux[1].

Cieabl aHTPONOTeHHOr0 Xapakrepa (MaTepualbHble U HJICATBHBIC)
XapaKTEepU3yIOT JH0ObIE M3MEHEHHs, BHECEHHBIE YEJIOBEKOM B OOCTAaHOBKY Ha
MeCTe MoKapa Ha BCeX CTaIuAX (POPMHUPOBAHUS €TO CIEIOBOM KApTHHBI.

Ocoboe 3HaueHHE HMMEET MECTOpACIIONIOXKEHUE CJIEAOB  YEJOBEKa
OTHOCHUTEIBHO 30HBI TEPMUYECKOTO BO3JEHCTBUA. Takoe pacnoyioKeHUE BIUSIET Ha
COXPaHHOCTh M, COOTBETCTBEHHO, Ha COJEpKAIUICA B HUX 00BbeM MH(pOpManuu.
JleicTBUTENBHO, YEM MEHBIIIE CIIE MOABEPTHETCS BIMSHHUIO PA3INYHBIX (PaKTOPOB
noxkapa, TemM 0oJblel HHPOPMATUBHOCTHIO OH OyJeT 00JiaaTh. XOTS BO3MOXKEH
U oOpaTHbIM mpolecc, KOrjaa cieapl 4eloBeKa OyIyT 3aKperuieHbl Ha MeEcCTe
IPOUCIIECTBUS BCIEACTBUE BO3JEUCTBUS OTIEIBHBIX (PAKTOpOB moxkapa. Tak,
HanpuMep, IpU TEeMIIepaTypHOM BO3AEUCTBHUM Ha Oymary, HpOSIBISIOTCS CIIEAbI
nanblieB PyK, a KOMOTh 3aKPEIUISET JaHHbIE CIE/bl Ha CTEKJIE.

[Io cBoeMy MeCTOPACIONOKEHUIO CJEAbl MOTYT HaxOIUThCS B 30HE
TEPMHUUYECKOTO BO3JCHCTBUS, B 30HE 33JbIMIICHUS U B 30HE, MPUJIETAIOLIEH K MECTY
noxapa[1].

Caeabl caMoOro no:kapa u COnpoBOKAAOMINX ero siBJeHu

B pasnuyHBIX JUTEpAaTypHBIX W3AAHUAX 10 HAMPABICHHUIO MOXXApPHO-
TEXHUYECKON HKCIEePTU3bIBCTPEYAETCs MOHATUE clieoB Mokapa. Cienpl ovara
ropeHusi (0Opa3zyroniyecsi Mpu HEIOCTATOYHOM ra3000MeHe, TIPU OJIaronpusTHBIX
YCIIOBUSIX, HaJ MECTOM BO3HHKHOBEHHs IMOKapa, HAa MPOU3BOJCTBEHHOM HWIIU
CIelMAJIBHOM O00Opy/J0BaHUU, Ha MeOelu M OO0OpYyJOBAaHUM B TIOMEIICHUSX),
HA3bIBAIOTCSl «MPU3HAKAMU OYara», W cienpl (MpU3HaKWA) HaANpPaBICHHOCTH
pacnpocTpaHeHHs TOPEHUSI.

B3sB 3a OCHOBY [aHHYIO KJIacCHU(pHUKALUIO CIEAbl TMOoXapa MOXKHO
CUCTEMATU3UPOBATH CJIEAYIONUM 00pa3oM (Tadmmia 2.1):
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Tabsnnua 2.1 Criepl moxapa 1 COnpOBOXKAAIOIIUX SIBICHHM

Cienpl MOATOTOBKH FOPeHust Cienbl BOSBHHKHOBEHHS, PA3BUTHUS U
3aTyXaHUsl TOPeHus
MIOJITOTOBKA TOPIOYEH CPEJIbI CJIe]] ovara rnoskapa
MOJIMOTOBKA UCTOYHUKA 32KUTaHUS CJIeJIbI HAIIPABJICHHOCTH
pacrpoCcTpaHeHHs TOPCHUS

MOJITOTOBKA OKUCIIUTEIHHOU CpeIbl (BO3ayXa ciepl MpouuXx (HhakTOPOB MOKaApa
KHCJIOPOJI WK APYTOd OKUCIIUTENb, HAIPUMED, (KOTIOTH, IbIMa, TOKCUYECKUX BEIICCTB U
CHEIMAIBHBIN OKHCIUTENh B TUPO(OPHOI cMecH) | T.1.)

CoBOKYNHOCTH KOMILIEKCA IAHHBIX 110 04Yary nokapa

[TpenBapuTeNbHBINA BBIBOJ 00 odare mokapa (GOpMHUpPYETCs Ha OCHOBAaHUH
IeJI0r0 KOMIUIEKCA TAaHHBIX, CPEH KOTOPBIX EHTPATFHOE MECTO 3aHUMAIOT:

1) pe3ynbTaThl BH3YaJIbHOTO HCCIEIOBAHHUS KOHCTPYKIIMH M MPEIMETOB B
30HE OdYara, OICHKa CTEMEHH MX TEPMUYECKOTO TOPaKEHHs, W BBISIBICHHBIC Ha
ATOM OCHOBE OYArOBbIE IPU3HAKY;

2) undopmarus, MOJyYeHHAss Ha OCHOBE PE3yJIbTATOB MWHCTPYMEHTAILHOTO
UCCIICIOBAHMSI MATEPUAIOB ¥ KOHCTPYKIHIA[2].

2.2. 3agaym, MeTOAbl, CTAAUM TMPOBEJEHHS] OCMOTPOB MeCT

MOKapoB

OnHO W3 OCHOBHBIX MEPOIPUATHI, MPOBOJUMBIX B XOJ€ MPOBEPKU IO
noxapy  fABJISIETCA  OCMOTpP  MecCTa  IPOUCHIECTBUS C  COCTABJICHUEM
COOTBETCTBYIOIIETO TIPOTOKOJIA M CXEeMbl MecTra mnoxapa. OcmoTp Mecra
MPOUCIIECTBUS, MECTHOCTH, S>KWIWINA, HWHOTO TIOMEUIEHUS, TMPEIMETOB U
JOKYMEHTOB TPOU3BOAMUTCS B IEIIX OOHApPY>KEHHUS CJIEIOB MPECTYIUJICHUS,
BBISICHEHUSI JIPYTUX OOCTOSTENCTB, UMEIOIIUX 3HAYECHHE ISl YTOJOBHOIO JIENa.
OcMOTp MecTa TPOUCHIECTBUS, JOKYMEHTOB U TMPEIMETOB MOXET ObITh
MPOU3BEEH 10 BO30YK/IEHUS YTOJIOBHOTO JIETa.

C ocmoTpa MecTa MoXapa HauyMHAETCs paboTa MO BBISBICHUIO IIETH
JIOKA3aTelbCTB,  HEOOXOJMMBIX  JUIsI  OMpENEJCHUS  MPUYMHBI  TOXKapa,
YCTAHOBJICHHSI ¥ N300 IMUCHHSI, BAHOBHBIX B €r0 BOBHUKHOBEHHHU[5].

OCHOBHBIMH 32/1a4aMH OCMOTPA MeCTA MOKApa SABJISIOTCH:

1) dukcaius COCTOSHUS KOHCTPYKIHUH, MPEIMETOB, MaTepHAIOB, MAIIKH,
MEXaHU3MOB M JIPYTUX OOBEKTOB TOCIE IMOXapa B BHUJE MPOTOKOJA OCMOTPA,
($hOTOCHEMKH, BUACOCHEMKH (CO 3BYKO3AIHUCHIO).

2) BroisiBiieHHE 30HBI 0Yara 1Mo BU3yajibHBIM 09aroBbIM MPU3HAKAM.

3) [ToneBble HMHCTPYMEHTAIbHBIC HCCICAOBAHUS KOHCTPYKIHHA C IICJIBIO
BBISIBJICHUSI O4arOBbIX MIPU3HAKOB.

4) OOHapy>KEHHEC W H3BATHC BEIICCTBEHHBIX JIOKA3aTEIILCTB, OTOOP MpPOO
Uit~ J1abOpaTOpHBIX  MCCIEJOBAaHMM, B  Ciy4yae, €Cld  IOJIEBBIMU
WHCTPYMEHTAJIbHBIMM METOJaMU yCTAaHOBUTH MECTO BO3HMKHOBEHHS (odar)
MoKapa HEBO3MOXKHO.

5) C60p maHHBIX AJIs BBIABHYKEHUSI OCHOBHBIX BEPCHI O IPUYHMHE MOXKapa.

Jlns pemieHuss 3TOM 3aaydl B XOJIE OCMOTpA BBISBISIOTCS MPU3HAKH,
YKa3bIBAIOIIUE HA HEMOCPEACTBEHHYIO NMPHUUYMUHY TOXKapa, Cpeau KOTOPBIX 0CO00
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BBIJIETISIETCS TIOUCK M OOHApY’KEHUE MPU3HAKOB U CPEJCTB MOKOTa MIPHU HATHYUHU
NOJIO3PEHUI Ha COBEPILEHUE AAHHOIO JESHUS. YCTaHOBUTH HENOCPEICTBEHHYIO
OPUYUHY TOXapa B XOJE€ OCMOTpa yAaeTcs JOBOJBHO PEAKO, J1a U HE CIeAyeT
3TOr0 JieNaTh, IIOCKOJBKY COOpaHHBbIE BIIOCIEACTBUM JIAHHBIE MOTYT PE3KO
U3MEHUTH CJIOKMBILIEECS IEPBOHAYAIbHOE MHEHUE O IIPUUMHE TI0XkKapa.

OcmoTp MecTa moapa OCYLIECTBISIET JO3HaBaTelb. Bce TexHuueckue
3aJ]a4uM, BO3HUKAIOIIME MPU ITOM, PEIIAET TEXHUYECKUN CHELMATUCT (COTPYIHUK
HNUTLT). On xe mpoBoauT (HOTO- U BHIIEO CHEMKY.

[lomumo mpoBeneHHsT COOCTBEHHO OCMOTpa C  pELIEHHWEM  BCEX
BBILICIIEpEYNCIEHHbIX 3anay cneunanmct HMUIIJL coBmecTHO no3HaBareneMm
JOJDKHBI Takke coOpaThb CBEIEHUS O CYIISCTBOBABIICH HA MecTe IoXapa
NOKAPHON HAarpy3ke M €€ paclpelesieHuI0 IO MOMEMICHHI0. YacTUYHO 3TO
BBISICHSAETCA (UTO W T€ JIEKANIO0, XPAHWIIOCH) B MPOIIECCE OCMOTpa MECTa MoKapa.
Henocraroniye cBeAeHUS MOXKHO IOJIYYUTh, ONPAIIMBas OYEBUALIEB. JTU JAHHBIC
MOT'YT OBITh OY€Hb BaXKHBI ITPH PEIICHUH BOIIPOCA OMIOMCKe ouara moxkapa[1].

2.3 OcmoTp MecTa moxkapa

[IpoBenenne mpoueaypbl OCMOTpa perjaMmeHTupoBaHo ['maBoit 27
VYronosHo-nporeccyansHoro Koaekca Pecniyonuku Kazaxcras.

B cootBerctBun co crartbeit 220 VIIK Pecnyommku Kazaxcran «OOmiue
MpaBuUjia MPOU3BOJCTBA OCMOTPa» - OCMOTP JOJKEH MPOBOJUTCS Kak MPaBUIIO,
0e3oTaraTesbHO, KOTJla B TOM BO3HUKJIA HEOOXOUMOCTD.

JIuto, ocyiiecTBIistoNIee J0Cy/1Ie0HOE pacciieIoBaHKE, TTOJYYUB 3asiBJICHUE
WIM COOOUIEHUE O TMPOMUCIIECTBUH, OOS3aHO HEMEIJIEHHO NPHUOBITH K MECTY
COOBITHUSI M TPOU3BECTH OCMOTP.B ciydyae HEBO3MOXXHOCTU CBOEBPEMEHHOTO
MPUOBITHS JIUIIA, OCYIIECTBISIONIETO A0CYIe0HOE pacclieIoBaHUE, OCMOTP 00sI3aH
MPOU3BECTH JI03HABATENb WJIM WHOM COTPYJHHMK OpraHa JIO3HaHUA, KyzJa
MOCTYNUJIO  3asiBieHWe wWin cooOmieHue.B  cnydasx ¢ moxapamu  npu
HEO0OXOAMMOCTU K OCMOTpy TpuBiekaroTcs crnenuanuctel MUIIL unu cynebHbie
HKCHEPTHI.

CymecTByer aBa MeToa OCMOTPAa MeCTa MOKapa — CTATHYECKMH U
AUHAMHYEeCKUH

[lepBbIil 3akimtoyaeTcsi B ocMOTpe Oe3 HapylleHusi BCeil OOCTaHOBKM Ha
MECTO MOKapa M MEePBOHAYAILHOTO TMOJIOKEHHS MPEIMETOB, BTOPOM CBSI3aH C HUX
MepeMEICHUEM U PACKOIIKaMU MOXapHOTO Mycopa.

Ha srane oOiiero ocMoTpa peKoOMeHyeTCsl IPUMEHSTh JIUIb CTaTUUYEeCKUN
METOJ, T.€. (PUKCUPOBATH PA3IUYHBIC CJIC/Ibl, MHBIE OCOOCHHOCTH, HE MepeMenias u
HE TIepeBOpavrBas OCMaTPUBAEMbIC MPEAMETHl. JTa TaKTUUECKas PEKOMEH AU -
OJIHA U3 TapaHTHK TOr0, YTO OOCTAHOBKA MPOUCIIECTBUS OyJET yCTaHOBJICHA B €€
MepBOHAYAJIbLHOM, HEU3MEHHOM BUJIE.

OO6mrast (cTtaTudeckasi) CTaaus OCMOTpa MPOBOJIUTCA KaK MOXKHO DPaHbIIIE,
MOKa HE HapylleHa TepBOHAuYadbHas OOCTaHOBKAa Ha MecTe moxapa. llpu
CTaTUYECKOM OCMOTpPE BC€ TIPEIMEThl W OOCTaHOBKA TMOXapa OCTaITCs
HETPOHYTBIMH, HUUTO HE M3BIMAETCs, HE pazOupaeTcs, He mepenBuraerca. Mecro
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noxkapa OCMaTpPUBAETCS M OINHCHIBAETCA B MPOTOKOJE OCMOTPAa B TOM BHUJIE, B
KaKOM €ro 3acTtajJl JI03HaBaTellb HAa MOMEHT ocMoTpa. Kaxnaplii y4acTok
OCMAaTpPUBAETCS M ONMUCHIBAETCS MOCIEN0OBAaTENIbHO. He criemyer mpou3BOJIBHO
NIEPEXOUTh C OJIHOTO MecTa Ha japyroe[5].

Ha »rame nperasbHOro ocMoTpa MNPUMEHSIIOT U JUHAMUYECKHM METOH C
LEIbI0 BBISIBJICHUS OCOOCHHOCTEH, NeTajneil, He MOJAAIOUIMXCs BOCHPHUSITHIO B
mpoliecce 0011Iero 0cMoTpa.

JAnHAMUYeCKHIT OCMOTP TPOBOJUTCA TMOCIE 3aBEPUICHUS CTATHYECKOIO
OCMOTpa ¥ (PUKCAIUH €T0 PE3yIbTAaTOB B IPOTOKOJIE OCMOTPA.

MetogoM AMHAMHUYECKOTO OCMOTpa YCTAHABIMBAIOTCA MPU3HAKK oOuara
noxkapa, Mo3TOMy €ro CIeayeT MPOBOJUTH, MPEKIE BCETO, B 30HE, KOTOPYIO IO
pe3yabTaraM CTaTHYECKOr0 OCMOTpa MOKHO CUMTaTh odaroBoi. He uckirodeHo,
KOHEUYHO, 4YTO MPEIBAPUTEIIPHOE YCTAHOBJICHHE OYaroBOM 30HBI IO pe3yJibTaTaM
OOIIIEro OCMOTpa MOXKET OKa3aThCs HEBEPHBIM, MOITOMY, €CIH €CTh BpeMms,
JTUHAMUYECKUA OCMOTP CIIeAyeT MPOU3BOIUTH BO BCel 30HE ropeHus. Yem Oosibiie
30Ha MOXKapa W uYeM OOoJblle pa3pylieHus, NPUYUHEHHBIE UM, TeM OOJbIIe
TpeOyeTcsl yCWINM Ha CTaIuu JUHAMHUYECKOTO OCMOTpA.

JInHAMUYECKU OCMOTP  COINPOBOXKIAETCS BCKPBHITUEM U pa300pKoit
KOHCTPYKIIMH, 3arpOMOXKJIAIOIMIUX JIOCTYNl K YydYacTKaM, MOJJIeKamuM OoJiee
TIIATETbHOMY OCcMOTpY. IIpyu 3TOM ynansiercss moKapHbIA MYCOpP, pPaCUHILAKOTCS
MOJIbI, TIPU HEOOXOUMOCTHU, MEPEMEIIAIOTCS OTACIbHBIC IPEAMETHI U KX OCTATKH.

30Ha ocMOTpa pa30MBaeTCs Ha KBaJpaThl, OOBIYHO Pa3MEPOM METP Ha METP.
OTaenpHO B KaXKJIOM KBaJipaTe, COBKOM WMJIM MaJEHBKOW (camepHoil) JOMaTKOMH,
aKKypaTHO, CJIOM 3a CJ0eM, CHHMAEeTCs MOXKAPHBIM Mycop, pa3OouparoTcs u
U3BJICKAIOTCS M3 TIOXKAPHOTO MYycCOpa OCTAaTKM KOHCTPYKIIMH U TPEIMETOB.
[ToxapHblii Mycop ILieliecooOpa3HO MpOcCerBaTh Yepe3 CUTO, ITO TO3BOJISET
OOHApY>KUTh U H3BATH MEJIKUE OCKOJKH, JAETAIHU AJIEKTPONPUOOPOB, MPOBOJIOB U
TOMY TIOJI00HBIE 0OBEKTHI.

[Ipu npoBenennn paboT HA MECTe TOKapa MOKHO OOHAPYKHUTh Pa3IUYHBIC
npeaMeThl U 000pYJOBaHUE, OOTOPEBIIME JIMIIIb YaCTUYHO WJIM Ja)ke BOBCE HE
oOropesiiiMe, HECTOPEBIIIME YYACTKU TOJa, HA KOTOPBIX MOTYT MMETHCS CIEIbI,
MOBTOPAIOININE KOH(DUTYpPALIUIO TPEAMETOB, CTOSIBIIIMX Ha 3ToM Mecte. Hampumep,
MI0JI MOKET HE 0OTOpPETh B TOM MECTE, IJIe CTOSI XOJOAuiIbHUK. Ha momax moryT
OBITHh OOHApYKEHBI XapaKTEpPHBIE JIOKAJIbHBIE MPOTaphbl, CBUIAETEILCTBYIOIIUE O
TOM WJIM HWHOM MWCTOYHUKE 3aXuraHus. B psjae ciaydaeB MOJIBI TOJJIEkKAT
BCKPBITHIO.

[Ipu npoBeneHNU PACYUCTOK U PACKOIIOK HEOOX0AUMO oOpaliaTh BHUMaHUE
Ha 3araxu.

[Ipy nuHAMUYECKOM OCMOTpPE H3BIMAIOTCS OOHAPY>KEHHBbIE MaTepualibHbIC
00BEKTHI, IMOJIJICIKAIINE UCCACTOBaHMIO B TabopaTopun[1].

B nepByio ouepeab H3bIMAIOTCS (PUCYHOK 2.2):

- BCE HAllJICHHbIE B OYAroBOW 30HE SJEKTPOTEXHUYECKHE MPEAMEThI U UX
OCTaTKH;
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- YCTpPOMCTBA, KOTOPHIE MOTYT OBITh MCTOYHUKOM 3)KUTAHUS WA HMETh
KaKO€-TO OTHOIIEHHUE K HEMY (OCTaTKU YCTPOUCTB JIsl mojpxkora, octatku JIBXX);

- BC€ HEIOHSATHBIC MPEAMEThl, HANpPUMEpP, PACIIABICHHBIC AarioMepaThl
I[BETHBIX METAJIJIOB.

- IpoObl MaTEPUATIOB, BEIIECTB, U3EIHM JIJIs TaOOPATOPHBIX MCCIIEIOBAHUN.

BCe HENOHATHBIE NpeAMeThI
(npH 3TOM He NBITATHCH
YCTAHOBHTH B MPOTOKO.1€ HX

BCe HaHIeHHbIE B 04aroBoH
30He 3] IeKTPOTeXHHYeCKHe
npeaMeThl H HX OCTAaTKH

npupoxay)
t 3
qTO (‘Jle;l}'e'l‘ I BIMATH B llepB}'lo O'IGPE,'.IB
¥ }

YCTpPO#CTBA, KOTOpPBIe
MOIIH OBITh
HCTOYHHKAMH
3a;KATaHASA (OCTATKH
VCTPOHCTB /11 HOAKOTa,
ocrarkn JIBJK)

npoobl
KOHCTPYKIIHOHHBIX H
OTJe/I0OYHBIX MAaTepHA.10B
181 .1a00paToOpPHBIX
HCCIeJ0BAHAH

PI/ICYHOK -2.2. O6’b€KTBI, IMOJICIKAINKC U3BATHUIO C MCCTA I10Kapa

Ha 3akimountensHOMATane OCMBICIMBAIOTCS MPOOENbl U Apyrue AeeKThl
MPEIBIAYIIUX OCMOTPOB, PACCMATPUBAIOTCS 3asIBJICHUS U 3aMEYaHUs YYaCTHUKOB
JJAHHOTO  CJICICTBEHHOIO JECHUCTBUsA, IPUHUMAKOTCS MEpPbl K YCTPAHEHUIO
BBISIBJICHHBIX HEIOCTAaTKOB (BOCIIOJIHEHHIO MpoOesa B OCMOTpPE, M3TOTOBJICHUIO
YIYUYIIEHHOW KOMUU cjiefa W T.JO.). YTAKOBBIBAIOTCS U3BATHIC CIEAbl U JIPyTHUE
BEIIECTBEHHBIEC JOKA3aTEIbCTBA, MO BO3MOXXHOCTH BBIYEPUMBAIOTCA YHCTOBBIE
BApUAHTBHl CXEMATUYECKUX W MACHITA0HBIX IIJIAHOB, COCTABJISETCS MPOTOKOJ
OCMOTpPA MECTa MPOUCIIECTBUS.

Ha 3axmouurtenbHOM 3Tane AMHAMHYECKOTO OCMOTpa MOXKET, IIpHU
HEO0OXOJAMMOCTH, BOCCTAaHABIMBATHCS pa3pylleHHass oOcTtaHoBKa. i1 3TOro Ha
pPACUMIIIEHHOM TIOJY pa3MEMIAalT COXPAHUBIIHUECS OCTaTKU MPEIMETOB U
0o0OpyZIOBaHUSI B COOTBETCTBUM C UX TICPBOHAYATIBHBIM TIOJIOXKCHHEM H
POM3BOIAT (POTO- MK BHIEO CheMKY[1].

HccnenoBanus djiekTpocereil NpyM 0CMOTPE MeCTa MoxKapa

BaxHyro wacte ocmoOoTpa MecTa  moXKapa  COCTaBIIIET  OCMOTP
AIEKTPOOOOPYIOBAHUS, TOUYHEE DJICKTPOCETH, KOTOPHIM IIEIECO00pa3HO 3aHITHCS
OTACIBHO OT OCMOTpa KOHCTPYKIMH MW Tpouux npeamMeroB. lccienoBanue
AIEKTPOCETH 11e71eCO00Pa3HO BBIACIHUTh B OTACNBHBIN 3Tall padoThl P OCMOTPE
MecTa noxapa.

HccnenoBanne 3eKTPOCETEN IOJDKHO BBIMIOJIHATHCS NPU OCMOTPE MECTa
noxkapa B JIIOOOM cllydae, €CJIM 3JIEKTPOCETh MPUCYTCTBYET B 30HE TOPEHUS.
[IpoBOAUTE €ro HAZIO B CAEAYIOLIEM MOPSIKE:

Bhavane ycraHaBIMBaIOTCA JaHHbIE O COCTOSIHUU, OCOOEHHOCTSX
YCTPOMCTBA BJIEKTPOCETH M €€ DKCIUIyaTalldd B MEPHUOJ, MNPEAIIECTBYIOUIUNA
noxapy. OTO JelaeTcsi Ha OCHOBAHMM XKYPHAJIOB C OIKHCHIO OCHOBHOTO
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AIIEKTPOOOOPYIOBAHUS U 3aLIUTHBIX CPEACTB C YKa3aHHEM HX TEXHHUYECKHUX
XapaKTEpPUCTHUK, TIPOTOKOJIOB M AaKTOB MWCHBITAHWWA, PEMOHTA M PEBHU3UHU
00Opy10BaHUs, OOIIMX CXEM 3JIEKTPOCHAOKEHUS MO NPEINPUATHIO B LEIOM U
OTJEJIBHBIM II€XaM, M Yy4YacCTKaM, IIPaKTUYECKON JOKYMEHTAlMM Ha YCTPOMCTBO
IIEKTPOOCBELIEHUS, CXEM CETH OCBEILIEHUS, KapTOTEK TEKYILIEH 3KCIUTyaTalud U
PEMOHTOB.

3aTeM NPOU3BOJUTCA HEMOCPEACTBEHHBI OCMOTP JJIEKTPOCETH MeCTa
nokapa. DJIEKTPOCETU MOJIOKEHO OCMAaTpPUBAaTh HE TOJIBKO B 30HE FOPEHHUsA, a Ha
BCEM YYacTKE OT CHJIOBOrOo TpaHchopmaropa A0 KOHEUHOTO MOTpEeOUTEs,
IIOCKOJIBKY NEPBUYHBIN AaBAPUNWHBIA PEKUM MOT BO3HHUKHYTH 3a JECATKH, COTHU
METPOB OT 30HBI, IJI€ HAYAJIOCh U IPOUCXOAWIIO ropenue. 1 yx, o kpaiiHen mepe,
OCMOTpP NPOWU3BOAUTCSA, HAYMHAsA OT aIllapaToB 3aIllUThI, PACIIOJIOKECHHBIX BHE
30HBI TOpeHMsI[D].

Ha srane ocmorpa:

- YTOYHSIOTCS CIIOCOOBI MPOKIAIKU ANEKTPOIPOBOJIKH;

- YTOUHSIOTCS (WM COCTABIIAIOTCS) O3CKHU3bl CXEMBbl 3JEKTPOCETH C
IIPOBEPKOM COOTBETCTBUS JECUCTBUTEIIBHOCTH TOM CXEMBbI, KOTOpas IIOJIy4YeHA Yy
JNOJDKHOCTHBIX JIMI; TOTOBUTCSl 3JEKTPOCXEMa, OTBedaromas (aKTUYECKOMY
COCTOSIHUIO 3JIEKTPOCETH - OTMEUAIOTCS BCE MECTa CKPYTOK, IEPErndoB, COCTOSHUE
KOHTaKTHBIX COEMHEHUM, MECTa MPOXo/ia Kabesiel uepe3 KOHCTPYKIUY;

- YCTaHABJIMBAKOTCS THIIBI 151 HOMUHAJIbHBIE XapaKTEPUCTHKU
AIEKTPONPUEMHHAKOB U YCTPOMCTB JJIEKTPO3ALIUTBI, €€ COCTOSHUE, IOJ0KEHUE
KJIaBUII ¥ KHOIIOK BBIKJIIOYATEIIEH, CTEIIEHb TEPMUYECKHUX ITOBPEKICHNN IETANIEH;

- BBIABJISIIOTCS YYAaCTKM TOKOBEAYUIMX JKUJ KaOEIbHBIX W3AEIUN U
KOHTAKTHBIX COEAWHEHWW C OIUIABJICHUAMH, IYyTOBOW DSpO3HENM U JPYTHUMHU
IpU3HAKaMU aBapUitHOM paboThI;

- ocyllecTBIsieTCsl pUKcalus B MPOTOKOJIE U U3BATUE YUACTKOB KaOEIbHBIX
U3JICJIANA U IPYTUX DJIEMEHTOB DJIEKTPOCETH C IPU3HAKAMU aBaPUNHBIX IPOLIECCOB.

Cxema snekTpoceTu 06€3 MOATBEPKACHHS €€ JOCTOBEPHOCTH B XO/I€ OCMOTpa
MecTa MOo)Kapa HE UMEEeT JO0Ka3aTeJIbCTBEHHOIO 3HAYEHHMS W HE MOXKET ObITh
UCTOYHUKOM  HMCXOAHOM  HMH(pOpMalUMW  TNpU  OPOBEACHUM  SKCHEPTHBIX
uccienoBanuii[5].

2.4. CTpyKTypa 3aK/JII0YEeHHsA CIeNnaIucTa
TeXHUYECKUM CIENUAIUCT, TOTOBSAIIAM 3aKIFOYECHUE O NPUYMHE T0XKapa,
OOBIYHO HMEET JIeJI0 C OTPaHWYCHHBIM KOJIMYECTBOM HH(OpMAIUU, KOTOpas
COJICPYKUTCS B CIICIYIONTNX TOKYMEHTaX:
- aKT O TIOYKape;
- MPOTOKOJI OCMOTpa MeCTa MoXxKapa,
- 00OBSICHEHHS OUEBU/ILIEB;
- IJIAHBI, TEXHUYECKAsk JOKYMEHTAIUS U JIp.
O0beM ITHX MOKYMEHTOB HE CTOJIb 3HAYUTENICH, YTOObI O3HAKOMJICHHE C
HUMHA © BBIOOp HEOOXOoauMouW WHGOpMAIMKM TPEACTABISAT CKOJIb - HUOYIb
CYIIIECTBEHHYIO MPOOIEMY.
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WNuoe neno - pabora ¢ MarepuagaMu yroJOBHOTO Jelia MPU MPOBEIACHUH
MOKapHO-TEXHUYECKOM 3KcnepTr3bl. [1o KpynmHOMY mokapy yroJIoBHOE JE€JI0 MO-
KET COCTOSITh U3 HECKOJIbKUX TOMOB (a2 MHOTJA - JECATKOB TOMOB). BriOparh u3
HUX U CUCTEMAaTU3UPOBATh HEOOXOIUMYIO UH(MOPMAIIUIO, TPUYEM TaK, YTOOBI €10
yI00HO ObLIO MOJIB30BAThCS IPHU HAMMMCAHUY 3aKJIIOUEHHUS - 3a]laya HE U3 JIETKHX.

IHoaroroBka u opopmiieHNE 3AKITIYCHUATEXHUYECKOT0 CIIEHATHCTA O
NPUYHHE M0Kapa

Kak u3BecTHO, corinacHo JACMCTBYIOIIEMY 3aKOHOJIATENbCTBY, MO MOXKapy B
OJTHOAHECBHBIM CPOK MTOJDKHA OBITh TIPOBEIEHA MpOBEpKa Mo (akTy Moxapa Hu
MPUHATO PEIIECHUE - O BO30YKICHUU YTOJIOBHOTO Jiea WM OTKa3e B BO3OYKIECHUU
yrojoBHoro jena. OcHOBaHMEM [Jid pEIICHUS JO3HaBaTelieM Bolpoca -
BO30YXJaTh JEJNO WJIM HET - B CIOXKHBIX CIydasX SBIISIETCS 3aKIIOUYCHUE
CIELUAIIMCTA O IPUYMHE TToXKapa.

3akitoyeHue B mNUcbMEeHHOM Buje aaetr crnenuanuct WUILIL. O6braHO
3aKJII0YEHUE TOTOBUTCS TI0 CleAyrolIen Gopme:

1. Hazeanue 0oKymenma

B  coorBerctBum ¢  IIpaBWiiamMu  OCYLIECTBICHUS  JEATEIBHOCTH
UCCJIEIOBATENLCKUX HCIBITATEILHBIX MOXKAPHBIX JTA00OPATOPUA, YTBEPKIACHHBIX
[Tpukazom Munuctpa BHyTpeHHUX aen Pecryonuku Kazaxcran ot 27 utons 2017
rojga 3a Ne510 moxymeHT, 0OBIYHO Ha3bIBaeTCAd « [€XHUYECKOE 3aKIIOYEHUE I10
npuyuHe noxkapa». Jlajnee ykaspIiBaeTcs jaTa moskapa, 0ObEKT, Ha KOTOPOM OH
MPOU3O0IIEN U aJIpec.

2. OcHosanue 0214 3aK1104€HUA

VYka3bIBaeTCsi IOKYMEHT, Ha OCHOBaHUU KOTOPOTO BBIJAETCS 3aKIIOUYCHUE
(manmpumep, panopt cotpyanuka YUC ¢ npocbOoi BbIIATh 3aKJIIOUYEHHUE), OpraH,
JIOJDKHOCTHOE JIUIIO, PETUCTPALIMOHHBI HOMEP JOKYMEHTA, J1aTa)

3. IIpeocmaenennvie mamepuainl

VYKka3pIBalOTCSI MaTepuaibl MO TMOXKapy, KOTOpble OBUIM TMPEICTaBICHBI
CHEIUAIKNCTY JUIsl TIOJTOTOBKHM 3aKJIIOUEHUs (aKT O TMOXkKape, MPOTOKOJ OCMOTpa
MecTa mokapa, 0ObSICHUTENIbHbBIE, CXeMbI U Ap.). Ecnu cnenuranuct Obu1 Ha MecTe
no>kapa M y4yacTBOBaJI B €0 OCMOTpPE, 3TO TaKK€ HAJ0 yKa3aTh B JAHHOM ITyHKTE,
T.K. JIMYHBIC BIEYATJICHUS OT OCMOTpa MeCTa TOXapa MpH MOATOTOBKE
3aKJIIOUCHHS SIBJISIFOTCS. HE MEHEE BaXHBIM MCXOJHBIM MaTEpUaJIOM, YEM,
HarpuMep, MPOTOKOJI OCMOTpa.

4. O6cmoamenvcmea nosxcapa

OO6cTosiTenbCcTBa MOXKapa M3JIaraloTcsi OYeHb KpaTKO - TJe, KOrjaa, B KakoM
3IaHUU TIPOU3OIIIEIT TTOXKAP, MOCIEICTBUS ToXKapa.

5. Pe3ynomamul uccinedoeanus

DTOT pasziesl, OCHOBHOM B 3aKJIIOUEHHH M CaMblil OOJBIION MO 00BEMY,
JIOJDKEH COJIepKaTh aHallu3 pe3yJIbTaTOB OCMOTpPa MecTa MoKapa U MpeicTaB-
JICHHBIX MaTepHaJioB, aprYMEHTUPOBAHHOE CYXJICHHE CHadaja 00 oyare, a 3aTeMm
U O MIPUYMHE MOXKapa ¢ YKa3aHUEM MPU3HAKOB, O KOTOPHIM CHELHUAIIUCT JIeJIaeT
MMEHHO TAaKO€, a HE MHOE 3aKJII0YEHUE.
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6. Bvigoowt

BrIiBo/IBI AIOTCS B KPAaTKOM BHUJI€ U OOBIYHO COCTOSIT U3 JIBYX MyHKTOB:

- oYar rnokapa pacriojoxeH. ..(TaM-TO U TaM-TO);

- PUYMHOM TT0XkKapa ABIAETCH ....(TO-TO U TO-TO).

3aKiII0oueHUe IMOAIMMCHIBACTCS CHEIUAINCTOM, €ro IIOATOTOBHBIINM, C
yKa3aHUEM JOJDKHOCTH, CIICIUAIbLHOTO 3BaHMs, (haMIIMK U WHUIIMAJIOB, a TaKKe
JTaThI MOATOTOBKH 3aKIIOYCHUS.

2.5. @opMupoBaHue BHIBOJ0OB 0 MPUYUHE MOKAPA

[To dhopme BBIBOIBI CIICTIMATIUCTA MOTYT OBITH:

- KATErOpPUYHBIE;

- BEPOSITHOCTHBIE;

- YCIIOBHBIE;

- OTpHUIIaTENIbHbIE.

Karteropmunble BbIBOJBI JENAIOTCS B TOM cllyyae, KOTJa JIaHHBIX,
UMEIOIINUXCS B PACIOPSDKEHUH CHEIUANINCTa, JOCTAaTOYHO, YTOOBI OTBECTH BCE
poYue BEPCHUM U OCTABUTh OJIHY, KOTJa HMMEIOTCS TNpsIMble CBUJIETEIHCTBA
MPUYACTHOCTU TOTO WJIM HHOTO YCTPOWCTBA WM MpollecCa K BO3HHUKHOBEHUIO
noxkapa. PopMynupyeTcsi TakOW BBIBOJ, KakK CIeAyeT W3 €ro Ha3BaHHs, B
kareropuueckoi popme: "IIpuunHoii moxapa sIBUIOCH...".

BeposiTHOCTHBIE BBIBOIBI ICJIAIOTCS, KOTJIa TAKUX JAHHBIX HEJOCTATOYHO U
IIOCJIE MPOBENECHHOIO aHAIM3a OCTAETCS 2-3 BEPCUU - PABHOBEPOSATHBIE WM OJIHA
BEpOSITHEE, IPYTHE - MEHEE BEPOSITHBI, HO BO3MOXKHBI (MCKIIIOUUTh UX, UCXOAS U3
UMEIOIIUXCSL JaHHBIX, HE ynaercs). OOBIMHO TakKoW BBIBOJA (POPMYIUPYETCS
cieayromum obpaszoM: "Haubosiee BeposTHON MpUUMHON mokapa siBisiercs ...He
WCKJIFOYEHO TaKxke ...".

YciaoBHBbIE BBHIBOABI (POPMUPYIOTCS OOBIYHO TIPU HEAOCTATKE JAHHBIX IO
MoXKapy, €CiIu Kakas-Tu0o TpUYMHA TMPEACTABISIETCS CHEeIHAIUCTyHAuOoIee
BEPOSITHOM WJIM E€IUHCTBEHHO BO3MOXKHOM, HO OHAa MOIJa MMETh MECTO IpHU
KaKoOM-JIM0O TPHUHIMIHAIBHO BaXHOM YCIIOBUU. Hampumep, eciud mpou30Iuio
3aropanue O€H30B03a MPH CJIMBE TOIIMBA Ha OEH30KOJIOHKE U IO Py MPU3HAKOB
CHEIUAINCT T0JIaraeT, YyTo HaumOoJiee BEPOSATHOW MPUUMHOMN TMOXkapa SBHIOCH
BOCIUIAaMEHEHUE MTapOB TOIUIMBA OT pa3psija CTATUYECKOr0 JIEKTPUUECTBA, B TO KeE
BpeMs, B MaTepuaiax Jejia HeT JaHHbIX, ObUI JIM 3a3eMJIeH OEH30BO3 BO BpEMs
CJIMBa TOILJIMBA, @ OTCYTCTBUE 3a3€MJICHMS] WJIM €ro IJIOX0€ KAaYeCTBO - BAKHOE
yCIIOBUE BO3MOKHOCTH HAKOIUICHUS 3apsifia CTAaTUUYECKOTO JJIEKTPUUYECTBA MpU
CIIMBE HUJKOrO TOIJIMBA. YCTaHOBJICHHMEM (HaKTa HaIU4Usl WM OTCYTCTBUS
CHEIUATBHOTO 3a3€MJICHUS €LIe 3aliMeTCsl CIEACTBHUE, a IMOKa, UCXOAS U3 UMe-
IOIKUXCSI Y HEro JaHHBIX, IKCIEPT (HOPMYNIHpYyeT MPUUYUHY TMOKapa MPUMEPHO
cienytonuM oopazom: "[Ipu ycinoBum, 4To O€H30BO3 BO BPEMs CIIMBA TOILJIMBA HE
OBLT TIOJIOKEHHBIM O00pa3oM KadeCTBEHHO 3a3eMJIeH, HamOoJsiee BEpOSTHOM
NPUYMHOW TOXKapa SBWIOCH BOCIUIAMEHEHHE TMapoB OCH3MHA B pe3yJibTaTe
paspsia CTaTUYECKOro IeKTpuuecTna'.
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OTtpunaTenbHble BEIBOABI (DOPMYIUPYIOTCS CHEIHATMCTOM B CIIy4ae, €Ciu
MMEIOLIMECS B €r0 PacHOpsHKEHUU JTAHHBIE IO MOYKApy SBHO HENOCTATOYHBI IS
pelIeHrss BOIpoca O MPUYMHE IOKapa JaXe B BEPOATHOCTHOH ¢opme. B stom
ciyyae cnenuanuct MUIIJI Ha Bompoc o mpuYMHE MMOXapa OTBEYaeT OOBIYHO
ClenyloluM o00pa3oM: "YCTaHOBUTH MPUUMHY I[OXKapa HE MPEeACTaBIAETCA
BO3MOXHBIM". A B TEKCTE 3akKJIOYEHUs XOpolo Obl MpU ITOM YKazaTh
JIO3HABATEII0 WM CJIEHOBATEN0, KaKMe MaTepuaibl O IO0Xapy OH JOJIKEH
co0patb, YTOOBI BOMPOC O MPUYUHE MOKapa MOT ObI OBIThH PEIICH.

2.6. ®@oT0- ¥ BUAEO(PUKCcAIU Pe3yIbTATOB 0CMOTPA

3axmouenue cnernuanucrta MUIJL kak mpaBmiio compoBoxkaaercs (HOTo
Tabnuiel, B  HEKOTOPBIX  CiIydasx  IejecooOpa3HO  MPOU3BOAUTH U
BHUICOPUKCAITUIO.

IIpoBenenue porocreMKHU

[Ipu ocmoTpe 0OBEKTa OOBIYHO BBINONHIIOTCA 4 BUJAa (POTOCHEMKU —
OpUEHTHUpYIOIIasi, 0030pHasi, y3JI0Bas, JeTalbHasl.

a) OpueHTHpPYIOIIAsi CbeMKA -TIPUMEHSICTCS I 3aledarieHus: Kakoro-
anb0 ydacTka WM OOBEKTa OJHOBPEMEHHO C OKpyKaromieW oOcraHoBkod. Ha
OpUEHTUpYIOIIEM  (OTOCHUMKE  JODKHBI ~ OBITh  BHJHBI  TEPPUTOPUS
OCMaTPHUBAaEMOT0 00BEKTa, OKPYIKAIOIIUE €r0 CTPOCHHUS (PUCYHOK2.3).

- — 2 ¥ o

Pucynox 2.3.0puentupytromas gororpadus

0) O030pHasi cbeMKa -CIIYKUT IS 3ale4aT/ICHUs] y4acTKa Wik o0bekTa 6e3
oKpyXxatoiei oOctaHoBku. Ha 0030pHOM (DOTOCHHMKE JOHKHO OBITH BUJIHO
OCMaTpUBAaEMOE MECTO TOXKapa B LEJIOM M OOBEKTHI, UMEIOLIUE 3HAUYCHUE IS
paccienoBanusi (pucyHok2.4). Taxxke MOXKET HCIONB30BATHCA I (UKCAINH
KOHCTPYKTHUBHBIX OCOOEHHOCTEH W COCTOSIHUSI (hacazoB 3HaHHS, PACIOJIOKCHUS
BBIXOJIOB Ha 3Ta)K€ U B MOMEIICHUH, Il (PUKCAITUN PACTIONIOKEHHS BO3TyXOBOIOB
U TpyOOTIPOBOJIOB B 3[aHUH H T.1I.).
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Pucynox 2.4. O630pHas pororpadus

B) VY3i10Basi cbeMKa- y370Bas (OTOChEMKA HCHOJB3YETCS  JJIA
3areyaricHus HauOoJiee BaKHBIX Y4YacTKOB, OOBEKTOB, CJIEIOB (PHCYHOK2.5).
Taxke MOXKET UCHOJb30BaThCS ISl (PUKCAIMH OTICIBbHBIX CTPOUTEIBHBIX
KOHCTPYKIIUH, COCTOSIHUS SBaKyallMOHHBIX BBIXOJIOB, OTJEIbHBIX 3JEMEHTOB
CHUCTEMBbI MPOTUBOIIOKAPHOM 3aIUTHl 00BEKTA U T.1T.).

Pucynok 2.5. V3noBas ¢otorpadus

r) JleraabHasi CheMKa - JeTajbHas (OTOCHEMKA CITY)KUT JIJIsL 3areYaTIeHuUsI
BHCITHUX MPU3HAKOB KOHKPETHBIX BEIICCTBEHHBIX JOKA3aTCIILCTB M CIICIOB
(pucynok2.6). JletanipHas CbeMKa MOXKET HCIOJB30BAThCAIA  (UKCALUH
COCTOSIHHMSI YCTPOWCTB 3aIlUTBI 3JIEKTPOCETH, CIPHHKICPOB (HAIPUMEpP, CCIH
OCMOTpP TPOBOAUTCS HAa OOBEKTE TOCHE IMOXKapa), COCTOSHHUS U KOMILICKTAIUH
MOYKapHBIX KPaHOB B 31aHuu u T.1.)[10].
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Pucynok 2.6.Jletanbnas ¢potorpadus

2.7. IlpoBenenne BUIEOCHEMKH

IIpu ocmoTpe mMecTa moxkapa BHAEOCHEMKA J0JIKHA NPOBOAUTHCH, IO
BO3MOKHOCTH, B CJICAYIOLIEH MOCIEA0BATEIbHOCTH:

a) CHUMAaeTcs MaHopama OOIIMM IUJIAaHOM BCEW IUIOIIaJH, CONPOBOXKIAEMast
KpaTKMM KOMMEHTapHEM IO MOBOJY OCHOBHBIX OOBEKTOB, HAXOIALIUXCS B KAJPE;

0) NpOMU3BOAMUTCS ChEMKA CpPEOIHUM M KpPYIHBIM IUIAHOM OOBEKTOB,
MECTOHAXO0XJACHUE U COCTOSTHUE KOTOPBIX MOXKET UMETh CYUIECTBEHHOE 3HAUEHUE
JUISL TIPOM3BOJICTBA 3KCIEPTHU3bI (JIECTHUL, HBAKYallMOHHBIX IyTEH W BBIXOJOB U
T.1.);

B) MPOU3BOAMUTCS (DUKCAUs U COOTBETCTBYIOLIME MOSICHEHUS B CIyYasx
U3MEHEHUs1 OOCTAaHOBKM B  TMpoIlecce ChEeMKH (Hampumep, MPOBEPKHU
aBTOMATHUYECKOMU CHUCTEMBI MIOYKapHOU CUTHAJIM3aluY, IIPOBEPKU
paboTOCIIOCOOHOCTH CUCTEMBI IPOTHUBOIBIMHOM 3amuThl ¥ T. 1.) [10].

KoHTpoO/1bHBIE BONIPOCHI:

1. HazoBuTe rpyIiiibl B3aMMOCBSI3aHHBIX CJICJIOB Yallle BCETO
BCTPEUAIOIINXCS HA MECTE MoXkKapa.

2. OCHOBHBIE 337]a9M OCMOTpPa MeCTa MoKapa.

3. HazoBuTe MeTOIBI MPOBECHUS OCMOTPa MECTa TI0Kapa.

4. Kakue mpeaMeThl MPek/ie BCEro U3bIMAIOTCS B 04aroBOi 30HE MpH
MPOBEJIEHUU OCMOTpa MecTa rnoxapa?

5. VI3 kakuX OCHOBHBIX Pa3/IeJIOB COCTOUT 3aKJIFOYEHUE CIIeIIMaIUCTa?

6. Bunbl 1 nopsok npoBeieHus POTOCHEMKH Ha MECTE MoXKapa.

I''TIABA 3 ®U3UKO-XUMHUYECKHUE NPOUECCHI ®OPMUPOBAHUSA
OYATI'OBBIX ITPU3HAKOB ITOXKAPA

YcraHoBIIEHME Odara IoKapa - MEpPBbIM, OCHOBHOM M BAXKHEHIIWN IIAar Ha

IyTA YCTAHOBJICHUS IPUYMHBI I10XkKapa, MOCKOJIbKY HMCKATh NPUYMHY MOXKapa, a

TAKYK€ HEMOCPEICTBEHHBIN UCTOUYHUK 3aKUTAHUS CJIEAYET TOJIBKO B OUare noxapa.
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JIroOble MOMBITKA YCTAHOBUTH MPUUMHY TOXKapa, JaXe €CIU OHU ONMHUPAITCA Ha
caMble «HEOMPOBEPKUMbBIE», Ha TMEpPBbIM B3IJISNA, CBHUJETEILCTBA, OYIyT
HeyOeUTeIbHbI, €CIM HE YAAacTCs YCTAaHOBUTh, YTO OSTU CBHJIETEIHCTBA
HaXOJMJIMCh UMEHHO B ouare mnoxapa. [losTomy ycTaHOBIIeHHE odara noxkapa -
OJIHa U3 OCHOBHBIX 3aJjay B paboTe MmokapHoro crenuanucra. Havano perenus
JTAHHOM 3a7]a4M OCYILIECTBIIAETCS MPU OCMOTPE MECTa MoKapa.

Yem orpaHvyeHHEe MO BEJIMYMHE 30HA TOPEHMS, TEM, KaK MpaBuio, JIeT4e
YCTAaHOBUTh MECTO €ro BO3HUKHOBEHHUs. Eciaum moxkap JHUKBUAMPOBAH Ha
HayaJbHOM ATale WIK MO TeM WM MHBIM MPUYMHAM HE MOJYyYHI 3HAYUTEIBLHOIO
pa3BUTUS U IUIONIQ[b TOPEHUsS HEBEJIMKA, 3a/laua YCTAHOBJICHMSI oyara JIETKO
paspeminma. Ilpu 3HAUMTENBHON MJIOIIAAM 30HBI TOPEHMSI Oodar ObIBACT HAWTHU
nocTatoyHo TpyaHO. [Towcku ouara mokapa JOHKHBI OMMUPATHCS HA 0OHEKTUBHBIE
JlaHHbIE. [[eaeTcs 3TO MyTeM aHAJIN3a BCEM COBOKYITHOCTH CBEACHH MO MOXKapy.
OcCHOBHBIE CBEJICHUS MOTYT OBITH MOJYYE€HBI B XOJIe OCMOTpa MeCTa IMoXxapa, BO
BpEMsI KOTOPOT'O BBIABIISIFOTCS TaK HA3bIBAEMbIE OYArOBbIE NpPU3HAKU. pyrumu
MCTOYHUKAMU UH(POPMAIIUU TIO ITOMY BOIPOCY SIBJISIOTCS MOKa3aHUsSI CBUICTENCH,
JAHHbIEC TI0 JEUCTBUSIM TMOKAPHBIX MOAPA3NCICHUN IMPU TYUICHUH, NAHHBIE IO
pacmpesiefieHuI0 TOXKapHOW Harpy3Kd, CBEJACHHUS O CpalaThIBAaHUU MOXKAPHOU
CUTHAJIM3aIUH | T.1. [2].

3.1 IlonsiTue ouara noxkapa. Kiaccupukanusi 04aroBbIX NpU3HAKOB
noxapa

I[Tonx owarom TmToOXapa TMNPHUHATO TIOHMMAaTh MECTO, C KOTOPOTO
HETMOCPEICTBEHHO M HavyaJIcs moskap. Pa3nnyaroT oyaru mokapa v o4arv ropeHusl.

Ovarm rTOpeHHMsI MOTyT OBITh TEPPUTOPHAIBHO HE3aBUCHUMBI  OT
NMEePBOHAYAILHOTO  OYara, HO  B3aMMOCBSI3aHBI C  HUM  Pa3IMYHBIMHU
TerIoPpU3nYecCKUMH sBJIeHUsIMA. Ouard TOpPEHUsT BO3HUKAIOT YK€ Ha CTaJuu
Pa3BUBIIETOCS MOXKapa, TO €CTh Beeraa 00yCIOBICHBI BIMSHUEM Pa3BUBAIONIETOCS
no>xkapa.

Knaccudukauus o4yaropbix Npu3HaKoB

[Ipu3Haku oyara mo)kapa WIM OYaroBble MPU3HAKH — OTO, B TIEPBYIO
ouepe/ib, XapaKTepHbIE 30HBI TEPMUYECKUX TMOPAKEHUN KOHCTPYKIHMH U
MpPEAMETOB, O00pa3oBaBIIMECS B pe3yiabTaTe crenuduueckux s odara
0COOEHHOCTEM Mmporiecca rOpeHHsl.

Ougarm moXkapa TMPHUHIATO  KJIaCCU(PUIMPOBATHCICAYIONIUM  00pa3oM
(pucynok3.1) [2].
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. A MIPH3HAKH
B OIIII.IIE{();II}{(.;;;?OI'IE HAITPABJIEHHOCTH
PACITPOCTPAHEHMSI I'OPEHH S
l WA NEPEJAMH TEILTIA
v H3JIVYEHHUEM, KOHBEKIIMEH,
1. B ouare no:xapa (npn KOHIYKIMEN
HeJ0CTATOTHOM !
razoooMeHe I npH 1. ITocaenoBareibHO
0. IAron pPHATHBIX 3aTyXxaoue (HapacTaloluie)
YCJIOBHAX /17151 FOPEHIIN) TepMIIiecKHe MopazkeHNs
2. Hax mecrom 2. lIponsBoiibHO
BO3HIIKHOBEHIA TO/Rapa, pPacno/io/ReHHbIe NMOPAReHNs 1
«OuaroBblii ROHYC» cieabl

Pucynok 3.1. — Knaccudukanus o4aroBbix MpU3HAKOB

Crnenyer OTMETUTh, 4YTO BTOpas W3 TMEPEUHUCIEHHBIX TPYNI CIEIOB
dbopMuUpyeTCsl HE TOJBKO 3a CUET PacHpoOCTpaHEHHUsT COOCTBEHHO TOPEHHS, HO U 3a
CYET Iepe/laun TeIjia U3Iy4YeHUEM, KOHBEKIIMEH, KOHAYKIINEH.

Tepmuueckue mopakxeHus MPeIMETOB U MaTepHUAJIOB B o4are mokapa, 6osee
3HAYUTEIbHBI, YeM B JPYTMX 30HAX IMOXKapa. DTO SBISCTCS CIEACTBHEM Ooiee
JUTUTEILHOTO TOPEHHS, COOTBETCTBEHHO 00JIe€ MPOJI0JDKUTEIIBHOTO BO3JICHCTBUS
BBICOKOH TEMIIEpaTyphl B JaHHOM 30HE. OHAKO ABHOE BBIPAKEHUE STOTO SBJICHUS
MPOSIBIIACTCS OOBIYHO TOJBKO Ha HEOOJNBIIUX (HEPa3BUBIIMXCS) IOXKapax.
CkaxkeM, COCpPEIOTOYEHHBIE TEPMUUYECKHE TMOPAKEHUS MATEPUAIOB B OYare
M0YXapa MOTYT BO3HUKATh B PE3YJIbTATE JIUTEIBHOIO, HO HE OYEHb MHTECHCUBHOTO
TEIJIOBOTO BO3JCUCTBHS MPHU TICIOIIEM TOPEHUH.

KonBekuus, Jy4YucTBIi TemJIO000MeH, KOHAYKLUMS, HX BKJIa1 B
(opMupoBaHue 04aroBbIX NPU3HAKOB

N3BecTHO, 4TO Mepenaya Temia Ha MoXKape OCyleCTBISETC:

- KOHBEKIIMEH;

- KOHJIYKIIHEH (TEII0ONPOBOIHOCTHIO);

- U3JTyYEHUEM.

Ha Toit unu uHoit (paze pazButus mnoxapa Wil Ha KaKOM-JTHOO €ro y4acTKe
MOXET Ipe00J1aiaTh OJWH U3 BUIOB TEIJIO0OOMEHa.

Bce ati Tpu u3myeckux mporecca BHOCAT CBOM BKJAJ B (hOPMHUPOBAHHUE
npu3HaKkoB ouara noxapal10].

@®opMHUpPOBaHHE 0YATOBBIX MPU3HAKOB 32 CYET KOHBEKIIUU

KoHBeKkTUBHBIN TEIJIOOOMEH MPOTEKAET MEXAY Ta3oM (KUIKOCTBIO) U
TBEPJBIM TEJIOM 3a CuUeT JBIW)KEHHUsS cpeibl. KOHBEKIMS MMEET MEeCTO Ha BCeX
CTausX TOXKapa, HO OCOOCHHO B Hayaje TOPEHUsI, KOT/a YPOBEHb TEIIOBOTO
M3JIy4YCHUSI €II€ HEIOCTAaTOYHO BBICOK. KOHBEKIMS BO3HUKAET Cpa3dy B Hadale
rOpEeHUs, KaK TOJIbKO B O4aroBOM 30HE MOBBINIAETCS TEMIIEpATypa.

[IpyunHON BO3HMKHOBEHHSI €CTECTBEHHOW KOHBEKIIMU HA MOXKape SBJISCTCS
B3aMMHOE€ MEPEMENIEHNE HArPEThIX MPOJIYKTOB TOPEHHUsI, TOJHUMAIOIINXCS BBEPX
M XOJIOJHBIX YAaCTHUI] BO3/yXa, ONYCKAIOMIMXCS BHHU3. 3a CYET KOHBEKIUU
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OCYILECTBISIETCS MOACOC BO3yXa B 30HY TOPEHMSI, UTO CIIOCOOCTBYET Pa3BUTHIO
noXkapa.

KoHBEKTHBHBIE TTOTOKH, UMEIOIIME BHICOKYIO TEMIIEpaTypy, HarpeBaroT Ha
NyTSIX CBOEr0 PacHpoOCTpaHEHUs KOHCTPYKIMH, MPEAMEThl W MaTepHalbl, UTO
MOKET BbI3BaTh BOCIUIAMEHEHHE TOPIOYMX BEIIECTB, a Takxke aepopMaluio u
pa3pyllieHHe HEroprouMx 3JIEMEHTOB M yacTed 3maHus. M3-3a 3TOro Ha myTH
pacmpocTpaHeHUsT OT oOdyara T[oXapa KOHBEKTUBHOM CTpyu oOpasyrorcs
TEPMHUUYECKHE TIOPAKEHUS MATEPUaAIOB U KOHCTPYKIHMM. TepMuueckrue nopakeHus
Ha Pa3IMYHBIX MaTepuanax U KOHCTPYKIUSAX MPOSBISIIOTCS COOTBETCTBYIOIIUM
00pa3oM U BCE 3TO MPOUCXOAUT B OCHOBHOM B JIOKAJIHHOM 30HE.

dopMa »ITON 30HBI BechMa crernuduyHa. B cmokoiiHON aTtmocdepe
KOHBEKTUBHBIN MMOTOK HAIMpaBJIEH BBEPX, W JIOKAIbHBIE TEPMUUCCKUEC TOPAKCHUS
o0pa3yloTcsi HajJ oOyaroM, Ha TIOTOJKE M Ha OOKOBBIX OTrpPa)JaroIINX
KOHCTpYKIUsX (cTeHax). Ha moTonke 3TH TepMHUECKHE TMOPAKEHUS HMEIOT B
ujeabHOM ciydae (GopMmy Kpyra, a Ha OOKOBBIX MOBEPXHOCTIX (hopMmMy KoOHYca,
BEpIIMHA KOTOpPOro oOpallleHa BHU3, B CTOpOHY ouara. Takoil QopMsl
TEPMUYECKHE TIOPAXKEHUs TMPHUHATO HA3bIBaTh «KOHBEKTHUBHBIM OYaroBbIM
KOHYCOM.

HeoOxoquMo OTMETUTh, 4YTO OYaroBblii KOHYC KJIAaCCHYECKON (opMbl
(dopMupyeTcs AaeKo HE Ha KaXKIOM IoKape U TeM OoJiee, He BCeTJa COXpaHseTcs,
AJIEMEHTHI KOHYCa YacTO OTKJIOHSIOTCA OT BEPTUKAIH IO BIUSHUEM BO3TYITHBIX
MMOTOKOB B TOMEIICHWH.B HU3KMX MOMEMICHUSAX KOHYC BBIPAXKEH XYKe, TaK Kak
pa3HOCTh TeMIepaTyp MpH HEOOIBIIIOM Mepenaae BhICOTh He3HaunTeabHa. Kpome
TOTO, KOHBEKTUBHBIA MOTOK ObICTpO "ymupaerca" B MOTOJNOK U '"pa3mbiBaeTcs”
BIITUPb.

Jlyurie Bcero KOHBEKTHBHAS CTPYS (hOPMHUPYETCS B BHICOKUX MTOMEIICHUSX,
BbicOTOM Oosiee 8-10M. COOTBETCTBEHHO, 37I€Ch JY4YIl€ BBIPAXKEHBI OYArOBHIC
MIPU3HAKHU (CIIEbI KOHYCA).

dopMupyeTcst 04aroBblii KOHYC U Ha HAKJIOHHBIX KOHCTPYKIIUAX, HATTPUMED,
0 Mepe nporapa pyoepouaHON KPBILIH.

[To mepe pa3Butus mokapa KOIPOUIMEHT TEImI000MeHa KOHBEKIIHEH
CHayYaJla yBEJIMUMUBAETCS, a 3aTeM yMeHblnaercs. Ha cranuu pa3BuBIierocs moxapa
npeoOJaiaroiiee 3HaUeHne MpruodpeTaeT TeroooMen usayuennem|[10].

@opMupoOBaHUE 0YATrOBbIX MPU3HAKOB 32 CYET U3JIyYeHHs

Jlyaucteiii TeruiooOMeH He TpeOyeT Haaudus MPOMEKYTOYHOW Cpebl
MEXIy HCTOYHMKOM M TMPHEMHHKOM TelJla WTaKUM 00pa3oM, HE 3aBHCHUT OT
HANpPaBIEHHOCTH JBWIKEHHUS BO3IYIIHBIX MOTOKOB. [lepeHOC sHEprum mpu 3TOM
OCYIIIECTBISIETCS TIOCPEACTBOM  DJIGKTPOMArHUTHBIX BOJIH, KOTOpPBIE MOTYT
MOTJIONIAThCS, MPOIMYCKAThCSl WM OTPAXKaThCsA IMOBEPXHOCTHIO TN, a TaKXKe
oTOpachiBaTh TEHH MPU OJIOKUPOBAHWU H3IIYYCHHUS HEMPO3PAYHBIM OOBEKTOM.
W3nyyeHue CTaHOBHUTCA TOCHOACTBYIOIIMM BHJIOM TEIUIONEPEHOCA Ha CTaluu
pa3BUBIIETOCs Tokapa. VicTounnkoMm Hambolsiee CHUIBHOTO WM3IYUYCHUS SIBIISETCS
mwiamsi. OpHako OoJbliasi YacTh MBIIYYCHHUS UCIYCKAETCS MENbYalImMu
YaCTUIIAMHU CaXKU, KOTOPHIE CPABHUTEIHLHO OBICTPO 3aMOJIHSIIOT O0BEM MTOMEIIEHUS
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Y HACTOJIBKO M30JIUPYIOT IJIaMsl, YTO €ro JIYYUCTask SHEPIHs MePEeCcTaeT OKa3bIBaTh
BJIMSIHME HA HArpEeBaHUE OKPYKAIOUUX KOHCTPYKIUNA U MTPEAMETOB.

TeroBoe u3nydeHue miaMeHu Ha Oiu3Jexaliue MoBepXHOCTH BHOCUT CBOM
BKJIaJl B JOPMHUPOBAHUE OYArOBBIX MPU3HAKOB. 10/ AeicTBHEM JTyUUCTOM SHEPTUU
MOKET MPOUCXOJIUTh 3aMETHBIM OJHOCTOPOHHUHN (CO CTOPOHBI Oyara) HarpeB M
pa3pylieHHe KOHCTPYKIMWA. OTO OAMH W3 MPU3HAKOB HAIpPaBICHHOCTU
pacrpocTpaHeHus: TOpeHUsl U Oyarojapsi KOTOPbIM MOBEPXHOCTH, OOpaleHHbIE B
CTOPOHY 04ara, oJy4aroT OOJbIIHE TEPMUYECKUE TOPAKEHHUS.

Y cropaemMpiIx MaTepHalioB 3TO TMPOSABIsETCS B Oojee TIIyOOKOM
OOyTJIMBaHUM CO CTOPOHBI 0OJiee WHTEHCHBHOIO TEIJIOBOTO BO3ACHCTBUA. Y
METATIOKOHCTPYKIMHA JedopMaliis MPOUCXOAUT MPEUMYIIECTBEHHO B CTOPOHY
VCTOYHHKA TEIIA.

Ha psae moxapoB mpu JOCTATOYHOM KOJMYECTBE T'OPIOYEro Marepuaia H
MPUTOKA CBEXKETO BO3/1yXa MOKET HACTYNMUTh MOMEHT ITOJIHOTO OXBaTa IIAMEHEM
BCETO0 IIOMEILEHHUs, KOTJa MIHOBEHHO 3aroparoTCsi BCE TOPHOYHE MaTepHalbl.
Takoe siBIeHHE HA3bIBAIOT 4YAaCTO oOOw4ell 6CHblKOWW HAONIONAETCI OHO B
HEOOJIBIITUX KOMHATaxX, TOCTUHUYHBIX HOMEpax, I/l Ha JOBOJBHO OTPaHUYEHHOMU
IUIOIIAN COCPEIOTOYEHA BBICOKAsI IOKApHAs HArpys3ka, MpHUYEM COCTOsLIas W3
TaKuX TOPIOUYMX MATEPHUANIOB, KakK JPEBECHHA, ILJJACTMACCOBasi JE€KOpaTUBHAs
OTJIEJIKa, IEHOTIACTHI (HAMOJIHUTEIbh MATKOM Mebenn).

[IporicxoauT o0OIIasg BCOBIIIKA, KOIJa MOBEPXHOCTH CTEH U MOTOJKA
OKa3bIBAIOTCS TOCTATOYHO MPOTPETHIMU KOHBEKTHUBHBIMHU MOTOKaMu. Bcriencraue
U3ITy4YEeHHsI OT HArpeThiX MOBEPXHOCTEH MOTOJIKA U MPUIOTOJIOYHOIO CIIOSI CTEH, a
TAaK)KE€ OT PACKaJE€HHBIX YacCTHUI[ CaXXH TOPIOYME MaTepuaibl MPOTPEBAOTCS 0
TaKOTO0 COCTOSIHMSI, IPU KOTOPOM OHU MOTYT BOCIUIAMEHHUTHCSI U TOPETh (PUCYHOK
3.2).0T0 HacTynaetr, KOTJa HMHTEHCHBHOCTH JYYHCTOTO TEIUIOBOTO IOTOKA OT
NPUIOTONOYHOTO cliosi focTurHet 20 KBT/M® Ha ypoBHE MOJA MM MOBEPXHOCTH
mebenu. OOBIYHO Takoe SBJICHHWE HACTyMaeT, KOTJa IJIJaMEHEM OKa3blBaeTCs
oxBadeHHBIM 0k0J10 30% momemnieHus[10].

@®opMHUpPOBaHUE 0YATOBBIX IPU3HAKOB 32 CYeT KOHAYKIHMHU

Konaykius niny TermionpoBOJHOCTh OMPEAEISIET HHTEHCUBHOCTh TETUIOBBIX
MOTOKOB B TBEPJIBIX MaTe€prajax ¢ BHICOKUM KOA(DPHUITUEHTOM TETUIONPOBOTHOCTH.

Bo-nepBbIX, TEIJIONPOBOAHOCTh UTPAET OCHOBHYIO POJIb B (DOPMUPOBAHHUH
"paszpylieHuii U cienoB ropenus B oyare". ['opeHue 1r000ro TBEpAOro Marepuana
€CTh TOCTENEHHOE MpOABWKEHHE (PpoHTa ropeHus (ppoHTa MUPOJIM3A) MO €ro
MOBEPXHOCTU. 3a CYET TEIJIONPOBOJHOCTH BIEPEIM 30HbI TOPEHHsS] MaTepuai
nporpeBaeTcsi (BO3HMKAET TakK Ha3blBaeMmas 30HA TOATOTOBKH), M3 HETO
BBIICJISIIOTCSl TOPIOYME JIETY4YHE MPOJIYKThI, KOTOPbIE M BOCIUIaMEHstoTcs. Tak
MPOUCXOJIUT MPOJIBHKEHHE PpOHTA TUIaMeHH (Mu (POHTA TIEHUS) MO0 MaTepuay.
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Pucynok 3.2. Cxema BOZHMKHOBEHHS OOIIEH BCIIBIIIKA
a — MOJITOTOBUTEILHBIN TIEPHOI;
0 — MOMEHT TIOJIHOT'O OXBaTa IMIOMEIICHUS TIJIaMeHEM

Bo BTOpBIX, KOHAYKIHS MOXKET MIPAaTh CYLIECTBEHHYIO pOJIb B
BO3HMKHOBEHUU M Pa3BUTHM MOXapa, OCOOEHHO MPU HAIUYUU MATEPHUATIOB C
JIOCTATOYHO BBICOKOHM TETUIONPOBOJHOCTBIO (MPEXKIE BCEro, MeTamioB). M3BecTHO
JIOCTATOYHO OOJIBILIOE KOJIMYECTBO TI0KAapOB, MPOU3OLIEAIINX B pe3yJbTaTe
IIPOTpeBa METAJUIOKOHCTPYKLUKA OT 3JIEKTPO- WM Ta30CBAPKU U TMOCIEAYIOLIETO
3aropaHus MaTepuajJoB B COCEIHEM MOMEIIECHUHU, B KOTOPOE BBIXOIWUT MpOrpeTas
METAJTIOKOHCTPYKLIMS.

B TperbHX, 3a cueT mporpeBa MeTajsla KOHIYKIUS MOXET (OpMUPOBATH
OYaroBbl€ MPU3HAKU HA BHEIIHEHN IIOBEPXHOCTU METAJUIMYECKUX CTEH U KOPIIYCOB,
HampuMep, Ky30Ba aBTOMOOWJIS,, OOpTa MOPCKOTO CyJHA, BHEIIHEH MOBEPXHOCTH
XOJIOMWJIbHUKA WM MHOTO MeTajuinueckoro mkada u 1.1. IIposiBasercs 31o B
BBITOPAHUU KpPackh Ha OOpaTHOM CTOpPOHE METaJUIOKOHCTPYKIUH, HedopManuu
MeTaJuia.

Bausinme Ha (QopMHMpOBaHHE 0YAroBbIX MNPHU3HAKOB  YCJIOBHIl
BO3yX000MeHAa U HEKOTOPBIX APYrux GakTopoB

JUiss  Toro 4YtoObl OYaroBble MPHU3HAKH ycHeNH CHOPMHUPOBATHCS,
Heo0xoauMo BpeMsl. JlocTaTouHo OBICTpOE paclpOCTpaHEHUE TOPEHMS U3 oYara He
CrocOOCTBYET (POPMHUPOBAHUIO OYArOBBIX MPHU3HAKOB. Takasi CUTyallus MOXET
BO3HHMKHYTH B CIy4yae €ClIM B OMEIIEHUH Ha OOJbIION TUIONaan Oblja pa3iinta U

IIOJOXOIKCHA JICTKOBOCIIIAMCHAIOIIAACA KUAKOCTD. Hao6op0T, B YCIIOBUAX, KOrJga
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MaTepuaybl FOpST HE OYEHb MHTEHCUBHO W MEJIEHHO PacCIpOCTPAHSIOT FOPEHUE
0 TMOBEPXHOCTH, B YCIOBHUSIX OrPAaHUYEHHOTO BO3yXOOOMEHa O4YaroBble
MPU3HAKH, KaK MMPaBUJI0, 00pa3ylOTCsl OUEHb SIBCTBEHHO.

[IpakTuuecku, coueTaHrue HEOOXOAUMBIX U OJATOMPUSITHBIX JIJISI OBICTPOIO
WHTEHCUBHOTO TOpeHUs1 (aKTOPOB CO3/IAE€TCA OYEHb PEAKO, U OOBIYHO OYaroBbIe
IPU3HAKU BCE K€ ycneBaroT chopMupoBartbesa. OCOOEHHO 3TO XapaKTEpHO s
NOMEIICHU C SBHO HEIOCTATOYHBIM  BO3JlyXOOOMEHOM - HEOOJBIINX,
HEBEHTWJIMPYEMbBIX IOMEIIEHUH, TUNA KIaJO0BbIX. TaM B 30HE oyara 4acro
BO3HHMKAIOT COCPEJOTOUYEHHBIE TNIYOOKHE pa3pyLICHHs BCIEICTBHE IUTEIBLHOTO
TJIEHUS B IIPeeiaX OrPAHMYEHHOI0 y4acTKa.

Boo011e, B yCIOBHSX OrpaHUYEHHOTO BO3yXOOOMEHAa BHEIIHHWE NMPHU3HAKH
oyara MOTYT HE 3aBHUCETh JaX€ OT MOLIHOCTH HMCTOYHHMKA 3aKUraHus. B Takom
clly4ae COCpPEAOTOUYECHHBIE U CXOXKHE MEXYy cOO0M mporapbl MOryT 00pa3oBaThCs
KaK IpU TOPEHUH, BO3HHUKIIEM OT TaKOT0 MaJIOMOIIHOTO MCTOYHHUKA 3a’KUTaHUS,

KaK TJICKOLICC Ta6aque HU3ACIINC, TaK U B PC3YJIbTATC IIOJKOra € IPUMCHCHHCM
JIBXK[10].

3.2 ®opMupoBaHNe NPU3HAKOB HANIPABJIECHHOCTH TEIVIOBBIX IOTOKOB U
PacCNpoOCTPAHEHUsI TOPEHUS

OTH NPU3HAKK BO3HUKAIOT HA IYTSIX PacHpOCTPaHEHUs IOKapa U3 odara.
OHU MOTYT OBITH PacHOJIOKEHBI Ha 3HAYUTEILHOM YyJIaJIEHUU OT OYara, MHOI/a B
npenesax Bcel 30HBI moxapa. B uX (QopMHpOBaHMM MPOSBISIOTCS TE XKe
3aKOHOMEPHOCTH TOpEHUs, YTO M TIph (OPMHUPOBAHUM OYara, ¥ BO MHOTOM
pelaronmMM 37ech OKa3bIBaeTcs (pakTop BpeMeHH. UeM panbliie OT oyara, TeM
BIIMSIHUE TEIUIOBBIX TOTOKOB cjabee, a COOCTBEHHO TropeHue OoJee
KPaTKOBPEMEHHO, I[OATOMY MEHbIIE CTENEeHb TEPMHUYECKHX MOpaXKEHUI
KOHCTPYKLIMM U MATEPHUAJIOB.

Takasg 3aKOHOMEPHOCTb MEHSIETCSI B CIy4Yae paclpOCTPAaHEHUs TOPEHUS I10
BEPTUKAJIN.

Ilpu3Hakn  HanpaBJIECHHOCTHM  PACHPOCTPAHEHHsl  MOXapa 1O
TOPU30HTAJIHN

Ecnu B mpenenax 30HbI oXkapa ropeHue ObLI0 JIMKBUAUPOBAHO JOCTATOUHO
OBICTPO, M OCTATKU KOHCTPYKIMI XOTh YACTUYHO YLIEJIENIH, TO MOKHO MPOCIEINUTh
MPU3HAKU PACTIPOCTPAHEHUSI TOPEHHS] M TEIJIOBBIX MOTOKOB MO ropu3oHTanu. C
yIaJleHWeM OT ouara paspylleHHss OHU YMEHbIIalTcs (3aTyXxawmT) W,
COOTBETCTBEHHO, C MPUOJIMKEHUEM K O4ary HapacTaroT.

Takue nocnegoBaTeNbHO 3aTyXarollre (HapacTarolre) MOPaXKeHUs U CIeIb
rOpEeHusl - MEPBbIA U OCHOBHOM MPU3HAK B TPyNIE€ MPU3HAKOB HAMPABICHHOCTH
pacnpocTpaHEHUsi TOPEHUS M TEIUIOBBIX MOTOKOB. Ero MoXHO OOHapy»KuTh
BHU3YaJIbHO, HallpUMEpP, N0 BBITOPAHUIO JEPEBSIHHBIX NEPETOPOJOK, CTOEK, APYTUX
AJIEMEHTOB. 3aTyxarollue (HapacTarouue) MOpaKeHUsT MOTYT TPOSIBISATHCS U B
JIpYyTUX MpU3HAKaX - MOCJIENOBATEIbHO YMEHbIIAOIIEHCS TIIyOuHe o0yIiIMBaHUs
0 JUIMHE OJHOM JI€PEBSIHHOM KOHCTPYKLUHH, YMEHBIICHUH (YBEIMYEHUN)
nedopMaui METAJUTMYECKUX 3JIEMEHTOB U T.[I.
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[TocnenoBarenbHOEe yMEHbIIEHUE (C YJAJE€HHWEM OT oOuara) BBITOpaHUSA
NEPEropoIOK YaCTUYHO OMpeesieTcsl KOHBEKIMEH (YeM Jajbllie OT odara, Tem
MEHEee MpOTpeThl KOHBEKTHBHBIE MOTOKH), HO, B OOJbIIEH CTENEHH, B ITOM
CKa3bIBaeTCs JACHCTBUE H3IY4YCHHS, a TaKKe MEHbIIas, M0 Mepe YJaJleHUs OT
ouara, JIJIMTEIbHOCTb TOPEHUSI.

Bor mouemMy mpu ocMOTpe MecTa IMoXkapa OY€Hb Ba)XHA HE IIPOCTO
KOHCTaTallusl TOro, YTO JAEPEBsIHHbIE CTOMKH capasi, CKJiaja, KOPOBHHKA OOYTJICHBI,
a HeoOX0IMMOCTh (PMKCALlMK MeCcTa OOYTJIMBAaHUS MTyTeM U3MEPEHHH ¢ yKa3aHHEeM
riyOuHbl o0yrivBanua. W ecnu W3 pe3ynbTaToB H3MEPEHUS BBIICHUTCS, YTO
riryOuHa 00yrivMBaHus 0aloK (CTOEK) MM BETUYHMHA JIe(hOpMallii METaTHIECKIX
AJIEMEHTOB MOCJIEA0BATEIBHO BO3pPACTAET, CKAXKEM, C CEBEpa, Ha IOr, 3TO OyayT
CylIeCTBeHHbIE (DaKTUUYECKHE IaHHbIC, TMO3BOJSIONIUE MPEIMETHO PacCykaaTh O
MECTE PACMOJIOKEHHUS 0Yara rnoxapa.

C rnyOuHOM 0OyrnuBaHus, Kak KpUTEpUEM JUIsl MOMCKOB odara Ioxapa,
MOTYT BO3HHMKHYTh MpoOiembl.Ho eciu He NpUMEHSINCh MHCTPYMEHTaJIbHbIE
METOJIbl HCCJENOBaHMUs, TO JIydlle pacnojiaratb Lu(ppoBOd HHPOpManuUeil mo
rinyOuHe OOYIVIMBaHMSA, Ye€M BOOOIE HUKAKOM WIM UMETh (pa3bl THMA: «BCE
JEPEBSHHBIE KOHCTPYKIIMH CTOPEIINY.

Tepmuueckue mopakeHUss Ha  OAMHAKOBBIX, IOBTOPSIOIIUXCA B
KOHCTPYKLUMHU 3JaHUsA DJJIEMEHTax - Oalikax, CTponmiax, CTOMKax - 3TO
NEPUOINYECKH TOBTOPSIFOUIUECS TOPAKEHUS.

[locnenoBarenbHO yMEHBIIAIOWIASACA TIIyOMHA OOYIJIMBaHUS KaKOro-JnOo
OJIHOTO KOHCTPYKLIMOHHOTO 3JIEMEHTa - OpeBHA, IEPEBAHHOM CTEHKH IO JJIMHE -
ATO CIUIOIIHBIE 3aTyXAIOIINE MTOPAKECHHUS.

Heob6xoaumMo OTMETUTH, 4YTO MOCJIEI0BAaTEIbHOE HW3MEHEHHE CTEIEeHU
TEPMUYECKUX MOPAKEHUM IO Mepe YIaleHHs OT odara MOXKET HapyllaTbCs
BTOPUYHBIMHU OYaraMu TOPEHUS U APYTUMH SIBJICHUSIMMU.

[Ipu3Hakyu HampaBICHHOCTH pPacHpOCTPaHEHUs] TOpeHHs (WM NPU3HAKH
HAIpPaBJIEHHOCTU TEIJIOBOTO BO3JEHUCTBUS) (OPMUPYIOTCS U Ha OTAEIbHBIX
KOHCTPYKTHBHBIX  3JIEMEHTax 3JaHUA W coopyxkeHuu. UX  Ha3pIBaroT
"npouzeonvno pacnonoscennvie npusnaku'. Hanprumep, Ha OTIENBHBIX
JIEPEBSIHHBIX CTOJI0aX BCErja MOJIE3HO OLIEHUTh CTENEHb TEPMUUECKUX MOpPaKEHUN
C pa3HbIX CTOPOH M3MEPEHUEM IIyOMHBI 00YyIrJMBaHUsA. Tak MOKHO YCTaHOBUTH, C
KAaKOM CTOPOHBI TEIJIOBOE BO3ACUCTBUE HA CTOJIOBI ObLIO 00J€e MHTEHCUBHO. JTO
TOJKE MPU3HAK HAMPABJICHHOCTHU TEIJIOBOTO BO3JCHCTBUA[2].

Ilpu3Haku  HanpaBJeHHOCTHM  PACHPOCTPAHEHWsl  MOXapa 1O
BepTUKaIH.BepxoBbie moxkapsl

B crnywyae HampaBlIEGHHOCTHM paclpoCTpaHEHUsT TOPEHHUs M0 BEPTUKAIH
pemaroniee 3HaueHWe B (OPMUPOBAHMM OYAroBbIX MPU3HAKOB TMpHoOpeTaet
KOHBeKIMsA. PacmpocTpaHeHne KOHBEKTMBHBIX MOTOKOB Ha MoXkape M0J00HO
CTEKaHUIO BOJIbI, HO 00OpaTHO €il mo HampaBieHHio. Bojga crekaer cBepXxy BHM3,
HaxoAs Uid JTOro MajedIine IIeJOYKH, a JbIM, Ta3000pa3Hble MPOIYKTHI
CrOpaHusi TOYHO TaKXKe CTPEeMSTCs BBepX'. DT0, O€3yCIIOBHO, BEPHOE, HAOIOICHUE
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MO3BOJIAET CQOPMYIUPOBATH CIEAYIOIIEe TMpaBWIO: NpU TOUCKAX odyara
HE00XO0AMMO HAWTH CaMyI0 HUKHIOIO 30HY CO CJIelaMU FOPEHUS.

Ecnu moxap npowusorien, HalipuMep, Ha BTOPOM 3Ta)Ke 3/1aHUS OH PEAKO U
HE Cpa3y yiJeT Ha mepBbIi 3Tax. beicTpee ropeHue NMPOHUKHET HA TPETUM U
BhIIIIENIeXkKaNe 3Taku. KoneuHo, 3To ob1iee npaBuiio, 1 U3 HEro, Kak U 13 Jr000ro
npaBuia, OBIBAIOT HCKIOYeHHs. [opsimme mnpeaMeTsl MOTYT TMajaTh BHU3
MCO3/1aBaTh BTOPUYHBIC OYAry TOPEHMUS.

Bce ke, B 00111eM ciydae, B MOUCKax oyara moxkapa He0OX0JJMMO JIBUTAThCS
10 CJIEaM TEPMUYECKUX ITOPAKEHUM.

CnocoOHOCTh KOHBEKIIMM YHOCHTb TEILUIO MOKapa BBEPX 00YCIABIMBAET P
BAYKHBIX JUIsl CHEUAINCTA 00CTOATENBCTB. BOT HEKOTOpBIE U3 HUX.

a) B momemeHnn, B KOTOPOM TPOMCXOTUT TIOXap, HaOIOgaeTCs
30HUPOBAaHUE TEMIIEpaTypbl ra3oBod (a3bl 1o BbicOTe. COOTBETCTBEHHO, U
KOHCTPYKUMHU (CTEHBI, MEPEKPBbITHS) MPOrPEBAIOTCSI YEM BBILLE, TEM CHIIbHEE.
[ToaTOMy TEepMHYECKHE NOPAKEHUS CTEHBI, OTIEIOYHBIX MATEpUAJIOB Ha HEH
JOJDKHBI HAPACTaTh CHU3Y-BBEPX.

Ecnu 3Ta 3aKOHOMEPHOCTHh HApyIIAeTCs, €CJIIM BHHU3Y CTEHAa Ha KaKOM-TO
y4acTKe Mporpenach WIK MocTpajaia Oojibllie YeM CBEpXY, 3HAUUT HEOOXOAMMO
HalTH MCTOYHUK IIPOrpEBa, pAaCIOJIATaBIINKCA HWMEHHO Ha 3TOM JIOKAJbHOM
y4YacTKe.

HaoGopot, ecnum wumeeTcs JIOKaldbHBIM Oojee  XOJOJIHBIA  (MeHee
NOBPEXKJICHHBII) Y4YaCTOK HaBepXy, 3HAYWUT, CTEHYy YTO-TO 3aKpbIBAJO,
HKpPAHUPOBAJIO OT TeIUIA.

06) Ilo Tem >xe mpuurHaAM Ha MOJy OOBIYHO Oosiee "XOJOIHO", 4YeM B
BBIIIEPACIIONOXKEHHBIX 30HaX noMenieHuss. CHU3y NPOUCXOIUT MPUTOK CBEXKETO
XOJIOJAHOTO BO3[lyXa, TEIUIble ra3bl yxonar BBepx. [loaTomy mpu3Haku ouara u
JIpPYrHME€ XapaKTEpHbIE TEPMUYECKHE IOPAKEHUS KOHCTPYKLHWM, BEIIECTBEHHBIE
JIOKA3aTeJIbCTBA JIyYIlle COXPAHSIOTCS B HIJKHEH 30HE, Ha YpoBHE moia. Tak,
HaIlpUMeEp, 3aMEYE€HO,YTO €CJIM DJIEKTPOKUIIATUIBHUK, MPUBEAIIUN K IOXKapy,
HaxXOJWJICS Ha TOJy WIM yHaJl TyJa HAa HAa4YaJIbHOW CTAaJWU IO0XKapa, Ha HEM
COXPAaHAIOTCS XapaKTepHbIE MPU3HAKU paboOThl B aBapuitHOM pexume. Ecnu sxe oH
IpU TOKape HAXOAWICS Ha CTOJIE, YKa3aHHbIE IPU3HAKHM HUBEIUPYIOTCS MU
OOHapyXUTh UX MOCJe noxkapa He ynaercs. [1o 3Tol jxe npuyrHe UCKaTh OCTaTKH
roproyei KUAKOCTH, MPUMEHSBIICHCS ISl TOIXKOTa LeIeco00pa3Ho Ha MOy WU
MOJ1 TIOJIOM.

B) Eciu ouar mokapa pacmojio)KeH JOCTaTOYHO BBICOKO, WJIM TOpPEHUE
HAYyaJloCh B CMEKHBIX MOMEIICHHUSIX M MPOHMUKIO B MOMELIEHUE TMOBEpPXY, TO B
TaKOM IOMENICHUH, OOBIYHO, COXPAHSAIOTCS M MOJbl, U Jlaxke MeOellb - CTOJIbI,
CTynbs. VX MOXeT 3aBajuTh OOTOpEBIIMMH OCTATKaMHU IOTOJIKA, HO €CJIH He
BO3HMKHET BTOPWYHBIX OYaroB, TO W NPEIMETHI, U Cropaemas OTIEeJKa CTEH B
HIDKHEW uX dYacTtu coxpaHsaTcs. OOpa3yloTcs Tak Ha3blBa€MbIE HPUSHAKU
6epx06020 nodxycapa. Taxkve TOMELIEHUS OOBIYHO MOXXHO HCKIIIOYaTh U3 Kpyra
MOMEIIEHH, I/1€ MOJ03PEBAETCS OYar.
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B 371aHuAX U COOpYKEHUSIX, IJI€ UMEIOTCS 3aKPBIThIE MPOEMBI, MYyCTOTHHIE
JIEPEBSIHHbIE KOHCTPYKIIMU TOPEHUE YAaCTO PAa3BUBAETCA B CKPHITON (pOpME UMEHHO
10 3TUM MycTOTaM. Takue Mmokapbl CIOKHBI HE TOJILKO C TOYKU 3PEHUS TYIICHUS,
HO M C TOYKH 3pEHUsl UX paccienoBaHusa. B mouckax odara ObiBaeT HEOOXOIUMO
pOCNEANTh, KaK Pa3BUBAJIOCh TOPEHUE MO MYCTOTHBIM MpocTpaHcTBaM. CrenaTh
3TO B PsAJIE CIIy4aeB MOKHO CJIEAYIOIIUM 00pa3oM:

- HY>KHO BCKPBITh ITyCTOTHYIO MEPErOPOJIKY MU MOJHATH JOCKH T0JIa;

- IEPEBEPHYTH NOCKHU "HaU3HAHKY".

Ecnu ropenue pa3BuBanioCch, HampuMmep, BHYTPU KOHCTPYKIMH I0Ja, TO
MOXHO TI0 XapaKTepy U CTENEHU OOTOpaHUs JIOCOK IMOIBITATHCS MPOCIEIUTh, T
TOpEHUE YIUIO BHYTPh MOJIA, a T/I€ BHIIUIO U3 MYCTOTHOW KOHCTpyKuuu. MHorna
3TO YAAETCS CHEIATh.

Bcerna Hy)XHO NOMHHUTH, YTO HaNpaBJICHUE KOHBEKTUBHBIX M JIHOOBIX
JPYTUX BO3IYUIHBIX ITOTOKOB B XOJI€ PAa3BUTHUS MOXKApa MOKET MEHATHCS, IPUYEM
HEOAHOKpATHO. [IpouCXOIUT 3TO BCIEACTBHE HAPYUIEHUS OKOHHOTO OCTEKJICHHUS,
oOpa3oBaHUs MPOTAPOB, PA3PYIICHUS KOHCTPYKIIMM, BCKPBITUS HUX MOKaPHBIMU
MOAPA3AEICHUSAMH, BCIEACTBHE MPUMEHEHHUS IbIMOCOCOB. [l03TOMY Tak BaXKHO
P pacClieIOBAaHUU KPYITHBIX MMOXKAPOB UMETh JaHHBIC M0 TUHAMUKE UX Pa3BUTHS
U TymeHus[2].

3.3 Bo3HMKHOBeHHE CHTYalUHMi, OCJOKHAKWIIUX (opMHUpPOBaHUE
04aroBbIX IPU3HAKOB

Heo0xonumMo KOHCTaTUPOBATh, UTO HA PEAIbHBIX MOXKapax HE BCErnaa JeJio
00CTOUT CTOJIb OJIHO3HAYHO U yJauHO AJist cnenuanucta MATIILL

B MHOTOYHNCIIEHHBIX pealIbHBIX CUTYyAIUAX MoXkKapa:

- OYaroBbI€ MPU3HAKU MOTYT HE CPOPMHUPOBATHCS;

- OYaroBbl€ MPU3HAKH MOTYT HUBEJIHMPOBATHCS WM UCYE3HYTh COBCEM B
XO0JI€ pa3BUTHSI TOPEHUS,

- OYaroBble TMPU3HAKA MOTYT TMPEACTABISATH COO0OM Tak Ha3bIBaeMbIe
"BropuuHble oudaru'" wim "owarm ropenus". Ha moxkape, yBbI, JIOXHBIX OYaros
ObIBaET 3a4aCTyI0 MHOTOKPATHO OOJIbINIE, YeM HACTOSIIMX. 1 OHM MOTYT 3amyTarth
JIayK€ ONBITHOTO CIEIHUAIINCTA.

Curyanmu, KoOrjaa  o4yaroBble  NPHU3HAKM  H3HAYaJIbHO  He
chopMupoBHIBAKOTCH

Takue cuTyaluu CKJIaJIbIBAIOTCS MPU OYEHb OBICTPOM Pa3BUTUU TOPEHUS, a
ATO MOXKET MPOU30UTH B CITyUasX:

- XOpOIIMX yCIIOBUI BO31yX000MEHA;

- MOIIIHBIX UCTOYHUKOB 3aKUTaHUS;

- npuMeHeHus naunuaropa ropenus (JIBXK, IK u gp.);

- 0COOBIX apXHUTEKTYpHBIX OCOOCHHOCTEH 37aHus (HATIW4YUE OOBEMHBIX
MyCTOTHBIX MPOCTPAHCTB);

- 0COOBIX MOKapOONaCHBIX CBOMCTB OTICIIKU MMOMEIICHUH,
CIIOCOOCTBYIONTUX OBICTPOMY Pa3BUTHIO TOPECHHUSI.
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bnaronpusitHoe nnsi pa3BUTHsS TOpeHUs codeTaHue (HakTOpOB BCTPEUACTCS
JIOBOJIBHO PEAKO M TOpPEHHME Ha NepBOM (HayaapHOW) CTaAMM MOXapa 4valle
IIPOTEKAECT BCE-TaKW B IpEJeNax OTPAaHUYEHHOIO y4acTKa. JTO M IPUBOAMUT K
oOpa3oBaHMIO 00JIee WM MEHEE BBIPAXKEHHBIX OYaroBbIX MOPAXKEHUH U CIEI0B.

HuBequpoBanune M HCYe3HOBEHHME OYaroBbIX NPH3HAKOB B XoJe
Pa3BHUTHS IT'OPEeHUA

HuBenupoBanue (CrilaXKMBaHUE) BH3YyaJbHO HAOJIOJAEMBIX OYaroBbIX
IIPU3HAKOB, BIUIOTH J0 UX IMOJHOTO MCUE3HOBEHUS CKJIAJbIBAETCS Ha MOXKape OoJee
4acTo, HeXKeIM He (POPMUPOBAHHUE OYATOBBIX MPU3HAKOB.

Takast cutyarust 0COOEHHO XapakTepHa sl KPYIHBIX MOXKApOB, I/I€ Kak
paBUIO, OTHENbHBIE YETKO BBIPAKEHHBIE JIOKAJIbHBIE OYark OKa3bIBAKOTCS
BTOPHYHBIMH, & MIEPBUYHBII OYar Moxapa 4acTto CKphIT "Ha MpocTopax’ OCHOBHOM
30HBI FTOPEHMS MJIOIIA/IbI0 HHOTAA B COTHH U THICSIYM KBAJPATHBIX METPOB.

IIpoueccsl, NMPUBOAAIIME K HCYE3HOBEHHIO OYArOBBIX NPU3HAKOB, MOTYT
OBITh pa3IMYHBIMM M CaMHU IO ceOe MPEICTaBISIIOT OYEHb ONACHBIC SBJICHUS B
Pa3BUTHH I1OXKapa, KAK C TOYKU 3PEHUS YHUUTOKECHHSI MATEPUAIbHBIX [IEHHOCTEH,
TaK U ¢ NO3ULMHU OMACHOCTHU JUISl KU3HM JIFOJEH. DTH KE MPOLECCH MHOIOKPATHO
YCIIOXKHSIOT pab0Ty TEXHUUECKUX CIIELUAINCTOB.

a) K TakuM siBJI€HMSIM OTHOCHUTCS, Hampumep, «oOuas Bcmblmkay. Oomas
BCIIBIIIKA M CJEAYIOIIEEC 3a HEMl WHTEHCHBHOE TOPEHUE MOXKET HHBEINPOBATh
CJIe/Ibl OYaroBbIX NPHU3HAKOB, CJOKUBIIKMECS HA HAYaJbHOM JTale WM Jaxe
MOJIHOCTBIO YHUUTOKUTh UX, YTO 3aTPYAHSAET MOMCKU OYara moxapa.

OOmiast BcObIIIKA, MPOUCXOIUT MPHU JOCTATOYHOM NPUTOKE BO3]yXa B
MOMEIIEHHE, TO €CTh B PEKUMAX TOPEHUS, PETYJIUPYEMbIX BEHTUIISILIUEH.

0) Ilpu HegoCcTaTOYHON BEHTWIISILIMM TMOXKAp, €CJIM OH aBTOMATHUYECKH HE
NPEKpaTUIICS, MOXET NPOUCXOIUTh C TaKOW Mallol CKOPOCThIO, KOTOpas
JUKTYETCS OTPAaHUYEHHOM JOCTYIHOCTBIO Kuciopona. IIpu 3ToM ropenue 4acto
IPOUCXOAUT B PEKMME TIICHUS, a TAKOM pEXHUM IOApa3ZyMeBaeT 00pa3oBaHUE U
HAKOIUIEHUE B 3aMKHYTOM 00beMe OOJIBbIIOr0 KOJIMYECTBA MPOAYKTOB HEIMOJHOTO
CropaHusi 4, C APYrOold CTOPOHBI, HEJOCTATOYHO MHTEHCUBHOE TEIUIOBBIJICICHUE,
4TOOBl BOCIUIAMEHHUTh OOpPa30BaBIIYIOCS Ta30MapOBO3AYIIHYIO CMECh, Ha TOM
CTaJMM, KOrja €€ KOHLEHTPALMs HAaXOAWTCS B AUana3oHE KOHLEHTPALMOHHBIX
OpeleioB  pacHpoCTpaHeHus IiuamMeHu. Takum  00pa3oMm, KOHLEHTpaLus
00pa30BaBIIMXCSA TOPIOYMX Ta30B W TMApPOB MOXKET MPEBBICUTh BEPXHUU
KOHLIEHTPAIMOHHBIN TpEeJeN paclpOCTPaHEHUs IUIAMEHH, @ B TaKOM COCTOSIHUH
CMECh YXE€ HE MOXXET BOCIUIAMEHUTHCS, XOTSI MHTEHCUBHOCTb TEIIOBBIACIICHUS
MOKET OKa3aThCsl YK€ JAOCTAaTOYHOM JJIS TOTO, YTOOBI TJICIOIIMI MaTrepuain craj
NOTEHIIMAIbHBIM MCTOYHUKOM 3aXuranus. [lomelenue oka3bIBaeTcs TOTOBBIM K
TOMY, 4YTOOBl MTHOBEHHO BCIBIXHYTh (MHOIZIa CO B3PBIBOM) IPU BHE3AIHOM
PE3KOM JOCTYyNE BO3J1yXa, YTO MOXET IPOU30UTH WIM NpPH PpPa3pyLICHUU
OCTEKJICHUSI WM, YTO 4aile ObIBaeT, MPH OTKPBITUU JBEpHU. Takoe SBICHHUE
Ha3bIBAIOT 00pammnoii msazou. 10 4ucTo BHENIHMM NpU3HAKaM SIBJICHHs OOIIen
BCIIBIILIKY, U OOpaTHOM TSITM MOTYT OKa3aThCs OYEHb CXOKHMH, HO TIO CYIIECTBY
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TO JiIBa COBEPIICHHO Pa3JIMYHBIX Mpolecca, OJUHAKOBO TMPUBOMSIINE K
HUBEJIMPOBKE WM MOJTHOMY YHUYTOXKEHHUIO CJIE0B MEPBOHAYAIIBHOIO OYara.

B cinydasx Takoro poja TOXapoOB OCTaeTCs TOJBKO IPUMEHSTH
WHCTPYMEHTAJIbHBIE METOJbI JJISl BBISBICHUS CKPBITHIX OYaroBbIX IPU3HAKOB
noxapa. Hanpumep, cCymiecTByeT HaJeXHbIM HWHCTPYMEHTAIBHBIA  METOJI
BBISIBJICHUS IIPOTEKAHUS mpoliecca Tieromero roperus[10].

3.4 ®opmupoBaHNe BTOPUYHBIX 04AroB (04aroB ropeHus)

Oxa3aBmuch Ha MECTE TOXKapa M JOBOJIBHO OBICTPO OOHAPYKHUB «OUYArOBBIi
KOHYC», HE CIEAYyeT TYT € YCIOKauBaThCs U BOOOpaXKaTh, YTO OYar moxapa yxe
HaliieH. 30Ha C BHEIIHMMHM IPU3HAKaMU OdYara MOXET OKa3aTbCsl 30HOMU
BTOPUYHOTO OYara WM o4ara ropeHusl.

Bropuunble odyaru ObIBAIOT IBYX THIIOB:

a) MECTHBIE OYary,

0)M30IMpOBAaHHBIE OYarH.

Mecmmubvie ouazu BO3HUKAIOT B IIPE/IEIIaX 30HBI TOPEHUS 3a CYET:

- COCPENOTOUYEHHS TOPIOYNX MATEPUAIIOB;

- Oonee ONArONMPUATHBIX YCIOBUW TOpeHUs (Hampumep, JIydllero AOCTYIa
BO3/IyXa);

- MeHee 3(PPEKTUBHOTO WIN 3aM103aJI0T0 TYIICHHUS.

OnpenenuTbcs C TaKUMH OYaraMyd MOKHO HCHOJIB3YSl BCHO HMMEIOLIYOCS
MH(OPMAIMIO [0 PACTIPEACICHUIO TOKAPHON HAarpy3KH, MO YCIOBUSAM Pa3BUTHS
TOPEHUA U JUHAMUKE TYIICHHUS.

H3onuposeannvie ouazu TOPEHUS - OTO OYATH, HEMOCPEICTBEHHO HE
CBSI3aHHBIE C OCHOBHOM 30HOU ropeHusi. O0Opa3yroTcsi OHU Ha CMEKHBIX, a MHOT/IA
M BECbMa YJAJEHHBIX MOCTPOMKAaX, COOPYXKEHHAX, YacCTAX 3aHUA, IIyTEM
nepeadn Tella M3JIy4eHUEM, KOHBEKLUHEH, TEIUIONPOBOJHOCTBIO, a TaKXe IPH
HEIOCPEICTBEHHOM IIONAJJaHUuU TOpSLIUX YIVIEH, UCKpP Ha TOPIOYME MaTepUalsbl,
HaxOJSIIMECS BHE 30HbI TOPEHUS.

OdeHb BENUKApPOJb KOHBEKIMH B (OPMUPOBAHMU BTOPUYHBIX OYaros.
Oco0eHHO 3TO CBOMCTBEHHO KpYNHBIM [OXapaM, Ha KOTOPbIX BO3HUKAIOT
MOIIIHbIE€ BHUXPEBbIE KOHBEKTUBHBIE IOTOKH, COCTOSIIIME KaK COOCTBEHHO W3
KOHBEKTUBHBIX Fa30BbIX CTPYH, TAK U U3 MMOAXBAYECHHBIX 3TUMHU CTPYSIMHU MEJIKUX U
KPYIHBIX TOPSIINX YaCTHL.

Ha nedrenpombiciax mpu o4eHb OBICTPOM HCIIAPEHUU PA3JIMTON roprouein
XKUIKOCTU MOXET HACTYNUThH SIBJIICHUE B3pbIBA MapoBOro obsaka. B3psiB mapoBoro
(razoBoro) oOjaka — 3TO Mpolecc OBICTPOTO TOPEHHs, MPOUCXOASIIUNA Ha
OTKPBITOM TPOCTPAHCTBE B pe3yJbTaTe BOCIJIAMEHEHHUs oO0JyiaKa, COJAEp aIIero
TOPIOYMH Iap U COMPOBOKIAIOMIMNCI BOSHUKHOBEHUEM B3PBIBHOW BOJIHBI.

Bocniiamenenue o6naka, cofepskaiiero roproumii map, He Bceraa MpUBOIUT
K B3pbIBy mapoBoro o6Oinaka. OOnako mapa, CMEIIAHHOE C BO3JIyXOM, HO
nepeodoramieHHOe TOMIMBOM M HE CIIOCOOHOE, MO3TOMY OOBEMHO JETOHUPOBATH,
HAYMHAET TOPETh BOKPYT CBOEHW BHEIIHEW OOOJIOUKH W BBITATHBAETCS, 00pa3ys
OrHEBOM mmIap. Takue OrHeBble MIAPHI KpaillHEe omnacHbl. Eciii OHM BBI3BaHBI
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TOPEHUEM YTJIEBOJOPOAOB, TO CBETATCSA U U3JIy4arOT TEII0, YTO MOXKET IPHUYNHUTD
CMEPTEBHBIE 0XKOTH U 3a)K€4Yb roprouMe npeaMersl. [logHumasch, OrHeBOM map
oOpa3yeT rpuOOBHAHOE O00JIAKO, HOXKKa KOTOPOTO - 3TO CHJIBHO BOCXOJISIIEE
KOHBEKTUBHOE TEYEHHE, CIIOCOOHOE BCACHIBATh, 3aKUraTh M TMEPEHOCUTh Ha
OOJBIINE PACCTOSHUS TOPSIIUE TIPEIMETHI.

[IpakTka uccnegoBaHUsS KPYNHBIX MOXKAPOB ITOKA3BIBAET, UTO JECATKU
METpPOB - HE MPENEIbHBIN paguyCc pa3HOca TropsAlux yacTul. Tak, Ha moxkapax
JIECOCKJIA/IOB U JIECOOUPIK, MpH uIomaau noxapa A0 3 000 xkBagpaTHBIX METPOB
paanyc pasineta MokeT ObITh a0 440 M, a mpu twiomiaau ropenmst 25 000
KBaJIPAaTHBIX METPOB HAOJONAJCSA PA3JeT TOpSAIIMX YacTUIl HA PACCTOSHHE 10 2
KUJIOMETpOB. Jla ¥ BenMuYMHA PAa3ETAIOUIUXCS TOPSIIUX YacTUIl MOXET OBITh
OUYEHb BeJiMKa. MHOrga B KOHBEKTHBHBIE CTPYH BOBJIEKAIOTCS IIEJBIE TOPSIIUE
TOJIOBHH, Pa3MepPOM J0 MOJyMETpa.

Poab TemnoBOil paaManmuMB 00pa30BaHUU U3OJMPOBAHHBIX OYAaroB
rOpeHusi JOJDKHA OBbITh TOHSTHa 0€3 MpOCTpaHHBIX KOMMeHTapueB. Jlyuucroe
TEIJIO OT OJHOTO TOPSIIEr0 AOMA WJIM CTOra CEHa MOYKET IIPUBECTU K 3arOpPaHUI0
npyroro goma (crora). [IpousoiiaeT 3To, €ciu TEeII0BOM MOTOK, BO3JCHCTBYIONTUI
Ha BTOPOM OOBEKT, NPEBBICUT KPUTHUECKHE 3HAUEHUS, HEOOXOAMMBIE ISt
3aropaHusi OOpaIllEHHBIX K TOpsIeMy OOBEKTY MAaTepHalioB M KOHCTPYKLHUH.
CTtoUT OTMETUTh, 4TO SBJICHUE OOILIEH BCHBIIIKH, TaKXe ONpeAesieMoe
U3Iy4EHHEM, MOXET AaHAaJIOTMYHbBIM 00pa3oM NpPHUBECTH K 0Opa30BAHMIO
BTOPUYHBIX 04YAro0B.

PoIbKOHAYKIIUM B MOSIBJICHUM BTOPUYHBIX OYAroB MOKET OBITh BEJIMKA B
TEX CIIy4asx, KOrZJla MOIIHOMY HAarpeBy Ha IOXkape IOJBEPTarOTCs MaTepHalbl C
BBICOKOI TEIIONPOBOAHOCTHIO. Eiie Oonblle BO3pacTaeT BEPOSTHOCTh TaKHUX
CIy4aeB, KOTJa DJIEMEHT C BBICOKOW TEIJIONPOBOJHOCTBI) KOHCTPYKIIMOHHO
HaXOJUTCS BHYTPU TEIUIOU3OJISIIUOHHOTO MaTepuania, HallpuMep, KOorja Mporpes,
MPOXOJISIIIUX CKBO3b CTEHBI, IEPEKPHITUS METAIUTMYECKUX JIEMEHTOB (Hampumep,
TpyO OTOIUIEHMS) MPUBOAMUT K 3arOpaHHI0 MaTepUaioB M U3JEIHA B COCEIHEM
IIOMEIICHHH.

JIOBOJIbHO YacThI CiTy4au 0Opa30BaHMs BTOPUYHBIX O4AaroB 3a CUET CTEKAHMS
ropsAmied >KUAKOCTH WM PACIUIaBICHHBIX MOJMMEPHBIX MartepuayioB. Tak,
HalpuMep, €cCIU MPOAYKThl CrOpaHus U3 KOMHATHl BBIXOJAT B COCEIHEE
IIOMEIIEHNE, TJI€ Ha ITOTOJIKE YCTAHOBJICHBI JIIOMUHECIICHTHBIE CBETHJIBHUKH C
DKpaHAMH W3 OPTraHUYECKOTO CTEKJa, MOCIENHEE PACIUIABISACh U CTEKas HA TOJI,
MOTYT 00pa3oBaTb TaM MHOKECTBEHHbIE BTOpPHYHbIE ouard. O4YeHb YacThbl
BTOPUYHBIE OYaru TOPEHUs Ha MOy BOJIM3U TEJIEBU30pA, XOTS NMEPBUYHBIA Ooyar
Mo’Kapa MOXKET HaXOJMUThCS BHYTPH KOpIyca TeJIeBHU30pa, a BTOPUYHBINA odar
o0pa30oBbIBaE€TCAd 3a CYET pAacCIUIaBJICHUs] IJIACTMACCOBOM 3aJHEW KPBIIIKH
TEJIEBU30pa.

Bropuunbie ouarm (odard TOpPEHHUsS])) MOTYT BO3HUKATh M OT TOPSIIHUX
NaJaIINX BHUA3 TBEPABIX MPEIMETOB, IEPEMENIAEMBIX B JAHHOM CIIy4yae yKe He
KOHBEKTHUBHBIMU CTPYSIMU, & IPOCTO MOJI ACHCTBUEM I'PABUTALIUH.
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@opMHPOBaHUE H30JUPOBAHHBIX OYaroB MHOTAA MPOMCXOAMT BCIEACTBUE
yTpaThl NPU3HAKOB OTHEBOM CBSI3U MEXKYy 30HAMH TOPEHUS.

briBaeT, 4TO OroHb MOXOAUT 10 KaKOH-TMOO 30HBI OOBIYHBIM IyTEM, HO
3aTeM BHUJAMMAasi OTHEBas CBS3b MEXIYy NEpPBOM M BTOPOM 30HAMU TOPEHUS
yTpauyuBaeTCsl M BTOPUYHBIA oyar (oyaru) KaKyTcsli HE3aBUCHUMBIMHU OudaraMu
nokapa.

Bo3MoOHBI ¥ cUTyaluu, NPUBOASIIME K (QOPMUPOBAHUIO BTOPUYHBIX
O4YaroB, HaIpHUMep, yTeUKa MPHU MOKApEe KUIAKOCTEH U ra3oB (HE ropsllux) U3-3a
pa3pylIeHHus] €MKOCTEW I MX XPaHEHHsA, M HX IOCJIEAYIOIIee 3aropaHue oOT
VCTOYHHKA 32KUTaHUS WIH IPU KOHTAKTE C HECOBMECTUMBIMU BELIECTBAMH.

K sTomy ciyyaro HENOCPEICTBEHHO NMPUMBIKAET TAKOE ONACHOE SBJICHHE
nokapa, Kak npooexycka naamenu. OHa MPOUCXOIUT, OOBIYHO, B JTTMHHBIX Y3KHX
MOMEMICHUIX, HAIPUMEP, TOCTUHUYHBIX KOPHUJIOPAX, KOTOPBIE IPH OMpPEIETEHHBIX
YCIOBUSIX MOTYT BO BCEM 00beMe WM XOTS Obl B IPHUIOTOJIOYHOM CJO€
HAITOJIHUTHCS ITPOJYKTAMH HETOJHOTO CrOPaHHs MaTEpHANIOB, FOPAIIUMX B OJHOM
U3 CMEXHBIX ITOMEUICHUI. DTU MPOAYKTHI, SBIIIOIIMECS TOPIOYMMH BEIIECTBAMU
(manpumep, yrapueiii raz — CO), mpu oOpa3oBaHHM CMECH C BO3JIYXOM B
KOHLIEHTpalUy, HaXOAUIEICS B IPaHMIAX MPEAEIIOB PACIPOCTPAHEHUS IJIAMEHH,
MOTYyT MIHOBEHHO BOCIIAMEHHMTbCS (MHOT/IAa CO B3PBIBOM) OT TEIUIOBOTO
U3IIyYEHHUsI, UCXOIAIEr0 M3 TOTO K€ MOMEUICHMS, IJ€ MEePBOHAYAIbHO BO3HHK
noxap. IIpobexka mameHu cnocoOHa o0pa3oBaTh BTOPUYHBIE OYaru Mo BCEH
JUTMHE KOpHUIopa, MHOTAa Ha yaaneHun 10 100 m[10].

Bo3HuKHOBeHHE MHOKeCTBEHHbIX IEPBUYHBIX 09aroB Mokapa

Bormpoc o koiardecTBe 04aroB Ha Mokape BaKE€H U MPUHIUITUAJICH.

Ha noxape mMoryt oOpa3oBBIBaThCS M30JUPOBAHHBIE OYArd, SIBIISIOIIMECS,
TEM HE MEHee, HE3aBUCHUMBIMU MEPBUYHBIMU OYaram IMoxapa. IOTO MOXKET
ITPOU30UTH:

- IIPY KOPOTKOM 3aMbIKaHUM WM IIEPErpy3Ke B IEKTPOCETH, UMEIOLIEH Ha
MHOTHUX OTAEJBHBIX YYacTKax cjaa0yro U30JISIIHIO;

- IpU aBapUMHOM PEXHUME B DJIEKTPUUYECKON CETH, CBSI3aHHOM C OOpPBIBOM
HEUTpau;

-[IPU  BBIHOCE AJIEKTPUYECKOTO HANPSDKEHHST Ha  3JIEKTPOIPOBOJIHBIE
KOHCTPYKLMU 3aHUS;

- IPY UCKPOOOPa30BaAHUMU.

Takue cuTyalum 10CTaTOUYHO PEIKH, HO, BCE )K€, UMEIOT MECTO.

Haxkomner, HECKOJIBKO IIEPBUYHBIX O4aroB - Ba)KHEUIIINHN
KBAUIM(PUKALMOHHBIN TMPU3HAK MOJKOra. ITO OOCTOATENHCTBO 3aCTaBIISET
NOAXOJUTh K PEHICHUI0 BOIPOCAa O KOJWYECTBE OYaroB IMOXapa JI0CTATOYHO
OTBETCTBEHHO[2].

Cnoco0bl OTJIMYHA NMEPBUYHBIX 1 BTOPUYHBIX 04aroB (04aroB moxkapa
U 04aroB ropeHus )

ITocTaBneHHas 3ajada MPEACTABISETCS OJAHO U3 CaMbIX CIIOKHBIX 3a/lada B
UCCJIEN0BAHNHN MOXkapa. OCHOBHBIMU IYTSIMH €€ PELICHUS SBIISIOTCS:
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- CONOCTABJIICHUE  PACHpEACiICHUs  BBISBICHHBIX  OYaroBbIX 30H C
pacrpeielieHUeM MoKapHON HArpy3KH 10 MOMEIIEHUIO.

30HBI JKCTPEMAJBHBIX TEPMUYECKHX TMOPAKEHUH MOTYT OKa3aTbCs
MECTHBIMU O4YaramMu TrOpeHusi, 00yCIOBIECHHBIMHU XapaKTepOM MOKapHOUM HArpy3KH,
HaIpUMep, COCPEIOTOUCHUEM JIETKOCTOPAEMbIX MaTEpUaJIOB.

- COMOCTABJICHUE  pACIPEACIICHUsS]  BBISIBICHHBIX  OYAaroBBIX 30H C
OCOOEHHOCTSIMU TYIIEHUS.

30HBI HaNOO0JIEE CUIIHPHBIX TEPMUUCCKHUX TOPAXKEHUN MOTYT OBITh CBSI3aHBI C
3armo3aaibiM Wi MaTod(h(OEKTUBHBIM TYIIEHHEM. JTO MOXET OBITh BBI3BAHO
OMMOKaMH B TAKTUYCCKUX JCUCTBUSAX TIMOXKAPHBIX PACUETOB WM CBSI3aHO C
aAPXUTEKTYPHO-TUIAHUPOBOYHBIMU PEHICHUSMHU 3/]aHUSI WJIH COOPYKEHHUS.

- MPUMEHEHNE WHCTPYMEHTAJIbHBIX METOJOB MCCJIEAOBAaHUS MATEpPUATIOB U
UX OOTOPEBIINX OCTATKOB.

PanukanbHbIM CpPENCTBOM  SIBISIETCS TNPUMEHEHHWE HHCTPYMEHTAIbHBIX
METOJ/IOB UCCJICIOBAaHUS MATEPHAIIOB M UX OOTOPEBIIMX OCTATKOB, MO3BOJISIOIICE
ONPENIENUTh JIUTEILHOCTh TOPEHUS B PA3IMUHbIX 30HaX. Ouar moxapa - 3To, KaK
paBuiIo, 30Ha, TJIe TOPEHUE TPOUCXOIUII0 HanOoIee IITUTENBHO.

- HCKJIFOUEHHE BO3MOYKHON OTHEBOM CBSI3U MEK/1y BBISIBICHHBIMU OYaraMu.

[Ipu ocmoTpe Mecta mokapa HEOOXOAMMBI TIHIATENIbHbIE TOUCKU IyTeH
OTHEBOW CBSI3U MEXIY, Ha MEPBBIMA B3I/, HE3aBUCUMBIMU O4yaramMu. TOJBKO B
clly4ae €clii OHa MCKJIIOYEHa, MOXXHO TOBOPUTh O CYIIECTBOBAHHUU
CaMOCTOSITEIIbHBIX (MIEPBUYHBIX) OYaroB.

- «PEKOHCTPYKILHS COOBITHID Ha 3aKIFOUUTENILHON CTaAUH OCMOTpA.

HccnegoBanue mnoxapa WIM MOKAPHO-TEXHUYECKAs] SKCHEPTHU3a JOJIKHBI
3aKaHUYMUBAThCA  CTAJMEH  «PEKOHCTPYKIIMHM  COOBITHi», KOrjJa  KapTHHA
BO3BHUKHOBEHUS U  Pa3BUTUS TOpEHUsT Kak Obl  BOCCTaHABIIUBAECTCS
(peKOHCTpYHpYETCS) HCXOAs W3 MpearnojaracMoro odara (odaroB), HMCTOYHHKA
3Q)KUT'aHUS, CBOMCTB KOHCTPYKIMOHHBIX U OTJEJIOYHBIX MATEPHUAJIOB 3[IaHUS U T.I.
N ecnmu pekoHCTpyHpOBaHHAas KapTWHAa B 4YeM-TO (B JAWHAMHUKE WU
HAIPaBJICHHOCTU Pa3BUTHS, MOCIEACTBUSAX MOXKapa U T.J.) HE "CTBIKyeTCs" ¢ TOUHO
W3BECTHBIMH OOCTOSITENIbCTBAMU TOXKapa Y MPOUYUMH PEATUSIMHU, TO 3HAYUT HaIIH
MPEANnoJoKeHrus 00 ouare (o4yarax) ¥ IpUYMUHE MOXapa HE TOYHBI UM HE BEPHBI
BOOOIIIE.

[Ipu »TOM Bcerga mojie3eH KPUTUUYECKUN aHAIU3 BBIABIISIEMBIX OYaroBBIX
npu3HakoB. Eciin Ha mecTe mokapa Mbl OOHApPYKMBAaeM, HalpUMEP, JIOKAIbHOE
BBITOpPAHUE KOHCTPYKIIMH, OYaroBbli KOHYC W TOMY IOJIOOHBIE XapaKTepHBIE
NPU3HAKU, TO BCErJa IMOJEe3HO 3aJaTh cebde BOMpOC: «A MOIJIM JU TEpBUYHBIC
IPU3HAKU BOOOIIE 00pa30BaThCsl B JAHHOM MECTE MPHU JAaHHBIX 0OCTOATEIhCTBAX
M0Kapa, KOHCTPYKTUBHBIX OCOOCHHOCTSIX MOMEIIEHUS U T.J1.7»

B wurtore ouar cregyer WCKaTh IO  XapAaKTEPHBIM  JIOKAJbHBIM
COCPEIOTOYEHHBIM TEPMUUYECKUM TOPAXKEHUSIM KOHCTPYKIIMA © MaTepuasoB
HEIMOCPEJACTBEHHO B 0YaroBOM 30HE, HAJl HEIO, HA OKPYKAIOUIUX KOHCTPYKIIMSIX.

[Ipu o>TOM HEOOXOMMMO YYUTHIBATH M JKEJIATENHHO KOJMYECTBEHHO
OLICHUBATh TEPMUUECKHE TOPAKEHUSI HE TOJIBKO B CAMOM MIPEANOJIaraéMoOM ouare,
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HO W BHE €ro, B Ipeleiax 30HBI IOKapa - TaK Ha3bIBaGMbIC MPHU3HAKU
HAMPaBJICHHOCTH TEIJIOBBIX IOTOKOB M PACIPOCTPAHCHHUS TOPEHUSI.

Ouar OOBIYHO TPEANONaraldT B 30HC HAWOOJBIIUX WM JIOKAJIBHO
BBIPQKCHHBIX TCPMHUCCKUX MOPAXKCHUH KOHCTPYKIMHA MU MpeaMeToB. Ilpu sTom
HAJI0 YYWTHIBATh MOKAPHYIO HArpy3Ky (ee KOJIMYECTBO M CBOMCTBA), YCJIOBHS
BO3yX000MEHA, KOHCTPYKTUBHBIC OCOOCHHOCTH 3JIaHHs (COOPY)KEHHS), a TaKKe
nudQepeHIMpoBaTh MEPBUYHBIE M BTOPUYHBIC OYard (OYard Imo)kapa W Ouaru
ropenus)[2].

KoHTpoJibHBIE BOIPOCHI:

1. Knaccuduxarus npu3HakoB o4ara moxapa.

2. HazoBuTe cuTyaly, OCJIOXHSIOMME  (HOPMUPOBAHHE  OYArOBBIX
MPU3HAKOB.

3.Ha3zoBure mpu3Haku ouara Tno)kapa, CQOPMHUPOBAHHBIE 3a CUET
KOHTYKIINH.

4. HazoBure CUTYaLVH, CHOCOOCTBYIOLIHNE BO3HHKHOBEHUIO
MHOKE€CTBEHHBIX MIEPBUYHBIX 0YaroB MOKapa.

5. HazoBute ciocoOb! OTIIMYMS IEPBUYHBIX M BTOPUYHBIX 0YaroB Mokapa.

6. KakoBa posib TeruioBoM paguanuu B 0Opa30BaHUM H30JIUPOBAHHBIX
04YaroB ropeHus?

I'JIABA 4. XAPAKTEP NOBEJEHUSA HA IOXKAPE U3JEJIUI U3
HEOPT'TAHUYECKHUX MATEPHUAJIOB

4.1 Knaccuukanus HeOPraHu4eCKUX CTPOUTEIbHBIX MATEPHAJIOB /ISl
neJjei MmoKapHO-TeXHUYECKOM IKCIEPTHU3bI

Baxuenmen rpynnod HEOPraHMYECKUX KOHCTPYKUHMOHHBIX W OTAEIIOYHBIX
MaTepUalioB  SIBIISIFOTCS  HMCKYCCTBEHHBIE KAaMEHHbIE MaTepuaibl, IIHPOKO
UCIIOJIB3YIOMINECST B CTpouTelbcTBe. Hambonee pacmpocTpaHeHHbIE Ha MeECTe
nokapa HEOPraHWYECKHE HEMETAJUIMYECKUE CTPOUTENIbHBIE MaTepualibl MOKHO
JUISL TIeJIel TI0KApHO-TEXHUYECKOW JKCIEePTU3bl pa3feiuTh Ha JIBE OOJIbIINE
rpymisl (pucynok4.1):

- MaTtepuaibl, MPU HU3TOTOBICHUH KOTOPHIX UCIOIB3YIOTCS BBICOKHE
TeMIrepaTypbl 00XKUTa WU TIJIaBJICHUS;

- MaTepuasbl, U3TOTOBJICHHBIC 0€3 UCIIOIb30BaHUs BRICOKUX TeMIIepaTyp (He
BBIIIIE TEMIIEPATYPhI IEPETPETOTO BOJSHOIO Mapa).

Marepuabl, MPOIIEANINE BHICOKOTEMIIEPATYPHYIO O00OpabOTKy B IpoIriecce
M3TOTOBJICHUSI HAa 3aBOJie, MPU BTOPUYHOM HArpeBe B XOJI¢ MOoXKapa MPaKTUYECKU
HE MEHSAIOT CBOEr0 COCTaBa, CTPYKTYypbl M cBOWMCTB. IlomyunTh myTtem ux
MCCJIEIOBAHMSI KaKyI0-T11M00 MH(GOPMAIIHIO O TIOKape TOBOJIBHO CIOXKHO. [ToaToMy
MaTtepuajibl ATOW TPYNIbl MOCJIE TMOXKapa 3KCHEPTHO-KPUMHUHATUCTUYECKOMY
UCCJIEIOBAaHUIO OOBIYHO HE mojBepratorcsa. K marepuanam u u3aenusiM 3TOU
TPYIIIbI OTHOCSITCA:
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1. MaTepuaJibl, IOJIy4eHHbIE IIyTeM 00:KUra:

- KpacHbIi KUpnuY (MpUMEHSIETCS JUIsl KJIAIKA HApYKHBIX U BHYTPEHHUX
cTeH U (PyHaMEHTORB);

- KpoBeNbHasg yepenuia (MpUMEHSAETCS IS KIAAKWA KpBIIl OSKUAJIBIX U
MPOU3BOICTBEHHBIX TOMEIICHUH ),

- IIUTKA KadenbHas (MpUMEHsAETCS JUisi OOJIMIIOBKM CTEH, IIOJIOB U
MEPEropoI0K BHYTPU MOMEIICHUH),

- TOHKass KepaMuKa (pa3auuHble M3IENHsS  XO35AHMCTBEHHO-OBITOBOTO
Ha3HAYCHU),

- OTHEYTOpHI (MPUMEHSIOTCS Uig (GyTEPOBKU MPOMBIIICHHBIX U OBITOBBIX
neveit) [1].

2. MaTepI/Ia.ﬂbl, MOJYYE€HHBIC MMYTEM ILIABJCHUSA: CTCKJIA, HIJIAKOCTCKIIA,
IICTPOCTCKIIA.

HEOPTAHHYECEKHE HEMETALTHUYECKHE
CTPOHTEJbBHDBIE MATEPHATBI

ITPOIIEJITHE H3ITOTOBJEHHLIE BE3
BLICOKOTEMIIEPATYPHYIO ITPHMEHEHI BEICOKHX
OBPABOTKY TEMIIEPATYP

O 03T 0BBIE: MMareprans: Ha ocHOBE

o Kpacuri kupromg HEeOpraHHY ecKHY BAKYIEX (IeMeHT,

* Yepermma H3IEECTh, THIIC)

* HKadensuana mwmrra

o Tomkxas Kepamika. CHmmcaTHBE (Ha 0CHOEE HIEECTH)
[LragneHEIEe

o Crexna

Pucynok 4.1. Knaccuukanusi MICKYCCTBEHHBIX KAMEHHBIX MAaTepUaJIOB s
Hesnei moxapHO-TEXHUYECKOW dKCIePTU3bI

Marepuanbl, HW3rOTOBJICHHBIE C HCIOJB30BAaHUEM TEMIeparyp, He
MPEBBIMIAIOIINX TEMIIEpaTypy MeperpeToro napa (Ipu Mpou3BOACTBE HEKOTOPHIX
U3 HUX UCIIOJIB3YETCs MPOIMapKa) MOTYT ObITh 0OBEKTaMHU MOKapHO-TEXHUUECKOU
skcriepTusbl. Cpeny HUX pa3inyaror:

1. U3nenus Ha OCHOBE HEOPTAHMYECKUX BSHKYITUX MAaTepUAJIOB:

C MPUMEHEHHEM BO3AYIIHBIX BSKYIIMX MATEPHAIIOB - THUIICA, HW3BECTH
(cTIOCOOHBI TIOCTIE CMEIIMBaHUS C BOJOW 3aTBEPAEBATh U COXPAHATH JIOBOJIHHO
JI0JITO CBOYO MPOYHOCTH Ha BO3IYyXE);

C TPUMEHCHHEM THIPABINYCCKUX BSDKYIIUX MaTECPHAIIOB — Pa3IMYHBIX
IIEMEHTOB (TIPY CMEUIMBAHUM C BOJIOM 3aCTHIBAIOT HA BO3AYXE U COXPAHSIOT CBOIO
MIPOYHOCTH HAa BO3JIyXE U B BOJIE).

2. CANIMKaTHBIE CTPOUTEIIBHBIE MaTEPHUAIIBI:

CUWJIMKATHBIM KHUPIUY, Ta30CUIIUKAT, TMEHOCWINKAT (M3TOTABIMBAIOTCS W3
CMECH HEeTallleHOM U3BECTH U KBapLIEBOT'O MECKA).
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Taxum 06pa3oM, MOKHO KOHCTaTUPOBATh, YTO LIEMEHT, U3BECTh, TUIIC - TPU
[JIABHBIX ~ MUHEPAJbHBIX  CBS3YIOIIMX, COCTABJSIOIIME OCHOBY MHPOBOM
MIPOMBIILIEHHOCTH HCKYCCTBEHHBIX KAMEHHBIX CTPOUTEIIBHBIX MAaTEPUAIIOB.

JIist TOro 4ToObl MOHATH, KAKUE M3MEHEHHUS MOTYT MPOUCXOAUTh B ITUX
Martepuajiax W M3JEIUsAX W3 HHUX I[PU HArpeBaHWU B XOJAE IOXKapa, KaKk HX
buKCUpOBaTh M KaK MCIOJB30BATh MOJYYEHHYI0O HH(POPMAIMIO TPH TOHUCKaX
ouara, paCCMOTPHUM, YTO COOOM MPEACTABISIOT YKA3aHHBIE CBSI3YIOLIHUE.

IleMeHTBI

[Ton Ha3BaHMEM «LIEMEHTBI» OOBEIUHSIOT BEIIECTBA, KOTOPHIE COBMECTHO C
NIECKOM 00pa3yloT pacTBOpP, 3aTBEPJEBAIOIIMI MPH B3aUMOJAECHCTBUU C BOJOM.
CaMbIM pacrnpoCTpaHEHHbIM W HAWIY4YIIMM B HACTOSLIEE BpeMs LEMEHTOM
ABIIAETCS «IOPTIAHA-LIEMEHT», MOJYYalOIIUNACI MPOKAJIMBAaHUEM H3BECTHSKA C
[JIMHOW, COJEpIKAIEW OMNpEAECTEHHbIE COOTHOILICHUS CHJIMKATOB  KaJblHs,
alfOMMHAaTa Kaiblus, ¢(eppura kKanplusa. TOHKO pa3MOJIOTBIE M XOPOILO
NepeMEeIIaHHbIE COCTaBHbIE YaCTH OOKUTAaIOT B CIELHUANbHBIX TPYOUaThIX MEdax
npu  1400-1450 °C. IlomydeHHblii MaTepuan (KJIMHKEp) IOABEPTalOT OYECHb
TOHKOMY pa3MoJly.

N3BecTh

["ameHas u3BecTb NMPEACTABISIET U3 C€0Sl TUAPOOKUCH KajbLMs U SBISETCS
IIPOJYKTOM B3aUMOJCHUCTBUS OKHCH Kaiublusg C BoAoW. [amieHas wW3BecTs,
IPUTOTOBJICHHAS] C OINPEACICHHBIM KOJMYECTBOM BOJIbI, MPEJACTABISAET U3 ce0s
KOJUIOMJHYIO MacTy, COAEPAIIYI0 3HAYMTEIBHO 0OJIbIIE BO/IBI. JTa M1aCTa B CMECU
C MEeCKOM 00pa3yeT WITYKaTypHbI pacTBOp, KOTOPBIM CXBATHIBAETCA CHayaua 3a
CUeT NOTEpU BOJBI B MOPHUCTHIM KUPOUY U HcmapeHusa. Yepe3 roasl pacTBOp
3aTBEp/ICBACT.

[Ipu npou3BOACTBE cuauxamnoz2o (6€10ro) KUpHNUYaHErameHas H3BECTb
CMEILIMBAETCS ¢ IECKOM U MPECcCyeTcsi B aTMoc(epe HAChIILEHHOT0 BOJSHOTO Mapa.
B pesynbpraTe 00pa3yeTcss KanbIMEBBIM THIPOCUIMKAT, OH OUYCHb OJIM3KHH K
LIEMEHTHOMY KaMHIO.

I'mne

['unc mpeacrasisier co0oil cynb(aT KaiblKsl, BCTPEYAIOIIUIICS B TPUPOC B
BUJIC AHTUJPUTA, a TAKXKE B OTPOMHBIX KOJIMYECTBaX B BUJE, COOCTBEHHO THUIICA.

Ilpu  warpeBammu jgo  100-125 °C  rumc  4acTHYHO — TEpSET
KPUCTAJUIM3AMOHHYIO BOJly, 00pa3ysi HEYCTOMYMBBIM MOIYrUApaT cyibdaTa
KaJIbLIUs — anedactp.

[Topomok anebactpa mHpU CMELIEHUHM C BOAOW OBICTPO CXBAaThIBAETCH,
o0Opa3ys IUIOTHYIO Maccy ¢ HEOOJbIIMM yBeIMueHrueM oobema. Ilpu HarpeBanuu
Boitre 200 °C THIIC MOJHOCTBIO TEPSIET KPUCTALIM3AMUOHHYIO BOAY. Be3BOIHBII
cynb(dar Kajablus, Kak U ajiedacTp B3aUMOJICHCTBYET ¢ BOJIOH, 00pa3ys rurc[5].

4.2 BuszyajibHble NPU3HAKU TEPMUYECKHUX MOPAKEHUI U31eTuil u3
HEOPraHUYEeCKUX CTPOUTEIbHBIX MATEPHUAJIOB

XHUMHYECKUE MPOLIECCHI oTEPU KPUCTAJUIM3alMOHHOU BOJIbI
COMPOBOXKIAIOTCS (PU3UKO-MEXUHUIECKUMHU W3MEHEHUSIMU CTPYKTYPHl M CBOWCTB
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MarepuasioB. l[eMEHTHBII M W3BECTKOBBIM KaMEHb pa3pyllalOTCs, B HHX
NOSIBJISIIOTCS MHKPO- @ 3aTeéM U MakKpoTpelluHbl. B OeToHe U xene300eToHe
CUTYaIHsl OCTIOKHSIETCSI BOZHUKAIOIIUMU JOMOJHUTEIbHBIMU HAIPSHKEHUSIMU U3-32
pa3HbIX KO3((UIIMEHTOB TEIIOBOIO PACHIMPEHHs] CaMOTO LEMEHTHOIO KaMHS U
KPYIHOTO 3anoyiHuTeNs (IeOHs), a TakKe CTalbHOM apMarypbl. 3aBepIIarOTCs
yKa3aHHble (PU3UKO-MEXaHUYECKUE U3MEHEHHUSI MOJTHBIM OTCIIOEHUEM IITYKATypPKU
Y 3alIUTHOTO CJIOSi OETOHA, pa3pylIEHUEM KOHCTPYKIUH.

N3menenue uBera

a) TSOKENbI OETOH.

W3BecTHO, uTO MOCIe HAarpeBa, 0ETOH UMEET CIIEAYIOIINE OTTEHKH 1IBETa:

- garpes 110 300 °C - po30BaThIil OTTEHOK;

- 400-600 °C - kpacHOBATHIii;

- 900-1000 °C - 6eaHO-CEPHIii.

0) LlemenTHO-TIeCUaHas MITYKAaTypKa.

- 400-600 °C - npuoOpeTaeT po30BbIii OTTEHOK;

- 800-900 °C - GnenHo-cephlit

Crnenyer OTMETHTB, YTO HE CYIIECTBYET IOJIHOM YBEPEHHOCTH B TOM, 4YTO
TaKhe OTTEHKU JEHCTBUTEIHLHO MOXXHO YIJIOBHUTH IIOCIIE€ PEaJbHOTO IMOoXKapa,
YUUTBHIBAsI BO3MOXKHbBIE 3aKOMUEHHUS, TONaJaHNe BOJIBI U T.]I.

Ho cymiecTByeT 1 40CTaTOYHO 4acTO MPOSBIAECTCS Apyras 3aKOHOMEPHOCTb
- B 0OoJiee POrpeThIX 30HAX IITyKAaTypKa Mociie Moxkapa Oojiee CBETJIOrO I[BETA.
[IpyurHa Takoro siBIEHMs, BEPOSATHO, B ciedyromeMm. Ha nmoxape nmpu TymeHun
BOJOW CTEHbl HAMOKalOT W TaM, IJ€ CTE€Ha HarpeBajach OO0Jee JIUTENBHO,
MHTEHCUBHO W, TaKUM 00pa3oM, Iporpera Jydlle, OHA, OTJaBasl TEIJIO MOCIe
no’kapa, mpocbixaer ObicTpee. B pe3ynbrare npu ocMOTpe MecTa rnoxapa Ha 0osee
MPOTPETHIX YUacTKaxX IITYKaTypKa BBITJISIUT CBETIICE.

N3meHenune ToHa 3ByKa U MEXaHUYECKOUM MPOYHOCTH TIPU MPOCTYKHUBAHUU.

Omnpenensiercs  NPOCTYKUBaHMEM  OETOHHBIX M JKeJIe300€TOHHBIX
KOHCTPYKIIMH. beToH paspymaercs mnpu HArpeBaHUM, B HEM MOSBISIOTCS
MUKPOTPEIIMUHBI, U TOH 3ByKa MEHSIETCSI.

HemnoBpexnennplii 0eTOH HMMeEET TOH 3ByKa BbICOKMH. C yBeIMYECHHEM
CTETICHU pa3pylIeHUs] OETOHA TOH CTAHOBUTCS TITYXHUM.

ITpu marpese Gosaee 500 °C - yacTh ceueHus oOpasia NpH yaape cpenHeit
cuiIbl oTKajbiBaeTcs. IIpu Harpese 6osee 600 °C - MOJOTOK MpH yaape CMHHAET
OCTOH Ha MOBEPXHOCTH O0pasIia.

B nHacrosiiee Bpemsi UMEIOTCS MajorabapuTHbIE MPUOOPHI, TO3BOJISIONTNE
BOCIIPOU3BO/IUTh 3TAJOHHBIE 3HAYEHMSI CHJIBI yJapa W YHUCIEHHO (DUKCUPOBATH
yIapHYIO MPOYHOCTh OCTOHHBIX OBEPXHOCTEH[1].

OTtcioenne WITYKAaTypKU

B 30He nocTaToOYHO JUIMTENTHHOTO M MHTCHCHBHOTO HAarpeBa IITyKaTypKa
OTBAJIMBAETCSI.

[IpaBna, HE Bcerzia 3TO MPOUCXOAUT UMEHHO B 30HE AKCTPEMAIbHO BBICOKHUX
TEPMUUYECKUX TOpakeHUH. JlOCTaTOYHO 4YacTO TaKoe CIyd4aeTcsi, Korja B
MOMEIIEHUE TOJAeTCs BOJa Ha TylIeHWe. ['HWapaBiIvuecKuid yaap U pe3Koe
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OXJIQKJICHUE MPUBOJAT K TOMY, YTO MITYKaTypKa MOXET OTBAJUTLCA HE TaMm, TJe
OblJ1a BbIIIIE TEMIIEpATypa €e HarpeBa, a TaMm, Ky/ia B IIEpBYIO OUepe/ib Momnaja Boaa
U3 MOApHOTO CTBOJA.

Tem He MeHee, 30HBI, T/I€ IITYKAaTypKa OTCJIOUJIACH, 0053aTE€IBbHO HYKHO
(buKCUpOBATH MPU OCMOTPE MECTA MOXKapa U UMETh UX B BUAY MPHU MMOUCKAX Ooyara.
Oco0eHHO MHTEpPEeCHbI 30HBI, 7€ MITYKaTypka oOBaJWjach, HaYMHAs CHHU3Y, OT
nona(tabnuma 4.1 - BuzyanpHas (Qukcanus TpeudH OETOHHBIX KOHCTPYKIIUN B
3aBUCUMOCTH OT HarpeBa).

CymiecTByIOT W METOAWKH, MO KOTOPHIM MHUKPOCTPYKTYPY IOBEPXHOCTH
O0eToHa  PEKOMEHIYIOT UCCIIEIOBATh C MOMOIIIBIO CHEIHATIEHOTO
MOJIIPU3AIIMOHHOTO MHUKpockomna. [Ipu 3ToM oOmpeaensroT MUPUHY TPEUIuH,
JAAMETP NOp, BKJIOYECHUN, CKOIUICHUMW. YCTAHOBJEHBl JIA)KE€ TPaAHUILIBI
TEMIICPATypHbIX HMHTEPBAJIOB, B KOTOPBIX IPOUCXOMIT T€ WA HHBIC
KOJIMYECTBEHHBIE M3MEHEHHSI MUKPOCTPYKTYphl OeToHa. MeToasl 3TH, OJIHAKO,
BECbMa TPYJOEMKH, B MEPBYIO OUYEPE]lb, U3-3a CIOKHOCTH MOJATOTOBKU 00pa3lioB
OeToHa /i1 aHaJIM3a U MoKa He HAIIUTK IIUPOKOTo nmpuMeHeHus[1].

Tabnuua 4.1. BusyanbHas Gpukcaiys TpeniyH O€TOHHBIX KOHCTPYKITUHN

300-400 °C | 06pa3ytOTCs MUKPOTPEIIUHBI

TPEIMHbBI BUJHBl HEBOOPYKEHHBIM TIJIa30M (LIMpuUHA TpemuH He meHee 0,1

500 °C
MM. )
600-800 °C | mupuna packpbitus Tpetus 0,5-1,0 MM
200-800 °C | BU3YIBHO (buKCUpyrOTCs pa3pyiieHusi 0€TOHA, OTCIOCHUE 3AIMUTHOTO CIIOSI

HAa KeJIe300€ TOHHBIX M3JIETUIX

BusyanbHasi pukcanus TPeLMH HA THIICE
OpueHTHpOBOYHAsI TeMIEpaTypa HarpeBa KOHCTPYKLIMM M3 THIICA MOXKET
OBITh OTpeieieHa ¢ TOMOIIIBIO TaHHBIX, TIPUBEICHHBIX B Ta0mwuIe 4.2:

Tabnuna 4.2 - Bu3yasibHasi (puKcanusi TpEIuH Ha TUTICE
o0pa3oBaHHE YaCThIX BOJIOCSIHBIX TpeUIMH (ocTtarouHas mpoyHocTh 30 %

200-300°C .
HayaJIbHOM )

0

600-700°C | MHTEHCHBHOE  packpbiTie TpemuH(ocTaTouyHass TpodyHOcTh <20 %
HaYaJIHbHOM )

800-900°C | paspylIeHHe TUIICOBOTO KAMHS IIOCJIE OXJIaX ICHUS

OT1/105KeHre KOTIOTH

[IponykThl cropanwsi, MO Mepe yAAJEHUS OT odYara OCTBHIBAIOT W
collep Kaluecss B HUX TBEPAbIC YACTHIBI OCAKIAIOTCS HA BEPTUKAIBHBIX H
TOPU3OHTAJIBHBIX TOBEPXHOCTSAX, 00pa3ys KkomoTb. HO Ha TOBEpXHOCTH
KOHCTPYKIIMH M OOOpYJOBaHHMS B XOJAC NaJbHEHIIETO pPa3BUTHS TOPCHUS OHA
ocTaercs Tojbko g0 Temneparypel 600-630 °C, mocie yero Beiropaet. ITosromy
OMKe K odary KOIMOTH MOXKET OBITh MEHBINIE, YeM Ha HEKOTOPOM PaCCTOSIHHUH
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(ecTecTBEHHO, 10 OTIPENEICHHBIX MpeaesioB). Han ouarom mokapa u BTOPHYHBIMU
o4yaraMu KOIOTh YaCTO BBITOPAET JIOKAJTBLHBIMU ITSITHAMHU.

Cremyer OTMETHTh, 4YTO O3TH TIISITHA YacTO COXPAHSIIOTCS B  XOJE
JAIbHEHINET0 Pa3BUTHs TOPEHUS, MOCKOJIBKY KOHCTPYKIHUS (IIOTOJIOK, CTCHA) B
9TOH 30HE MPOrpeTa XOPOIlo, a KOMOTh HEe KOHJACHCUPYETCs Ha "Topsyux"” MecTax,
a MMPEUMYIIIECTBEHHO OCEIACT Ha OTHOCUTEIIBHO 00JIee XOJIOIHBIX TOBEPXHOCTSIX.

TakoBbl, B OOMMX 4YepTax, BHU3yaJbHbIC MPU3HAKH TEPMHUYCCKUX
MOPaKEHUH, ¢ TIOMOIIBI0 KOTOPBHIX MOXHO OPUEHTHPOBOYHO OIICHUBAThH CTEIICHB
TEPMUYECKUX TIOPAKCHHI KOHCTPYKIHUH W3 HEOPTaHMYECKUX CTPOUTEIHHBIX
MatepuanoB. [opa3mo s3ddexTuBHEE, KOHEYHO, MOXKHO OMPEICIATh CTEMEHb
TEPMUYECKOTO TIOPKEHUS ¥ OPHCHTUPOBOYHYIO TEMIIEpATypy HarpeBa Marepuaia
HE 10 BHU3yaJbHBIM JaHHBIM, a MO pe3yJbTaTaM MCCICIOBAHHUS C TOMOIIBIO
CIIEMATBHBIX TIPUOOPOB 1 00opymoBanus[l].

4.3 HHcTpyMeHTA/bHbIE MeTOAbl W CPeACTBA, INpUMeHsieMble [JIf
HCCJIEOBAHMS MOCJIE M0KAPA HCKYCCTBEHHBIX KAMEHHBIX MAaTePHAJIOB

OTH METOoAbl NIENATCS Ha IOJIEBBIE, MCIOJIB3YEMBIE HEMOCPEICTBEHHO Ha
MecTe TMoXkapa | J1abopaTopHble, TMPUMEHSAEMbIe [IJIi HWCCJICAOBAHHUS B
71a00paTOPHBIX YCIOBUSIX OTOOPAHHBIX Ha MOXKape mpoo.

IHosieBble HHCTPYMEHTAJIbHBbIC METOAbI HCCJICIOBAHNS HEOPraHUYECKHUX
CTPOUTEJIBLHBIX MATEPHUAJIOB

Pa3pbixiieHne maccel O€TOHA, MOSBIEHWE B HEM MHUKPO- U MAKPOTPEIIMH
COMPOBOXK/IAETCI M3MEHEHHEM €ro aKyCTHYECKUX XapaKTEPUCTHUK. DTO SIBICHHE
MOXHO OTNPEACIUTh MPU MPOCTYKUBAHWU OCTOHA M OMPEACIICHUH TPU STOM TOHA
3Byka Ha ciyx. CylllecTBYeT, OJIHaKO, U 0o0yiece OOBEKTUBHBIA CHOCOO OIEHKHU
aKyCTUUYECKUX XapPAKTEPUCTUK OCTOHHBIX W3JIEIUNA TMOCPEIACTBOM MPOMYCKAHUS
yepe3 TOBEPXHOCTHBIM CJIOW O€eToHa  YJIbTPa3BYKOBOW BOJIHBL. MeTon
MepBOHAYAJILHO pa3padaThiBajCsid KaK CHOCOO OIICHKM KadecTBa OETOHHBIX U
KEIe300€TOHHBIX KOHCTPYKIIMH B CTPOUTEILCTBE, a ¢ cepeauHbl 70-X TOJI0B OH
CTaJ YCIICIIHO UCTOJIb30BaThCS B AKCIEPTHU3E MTOKAPOB.

YapTpa3ByKOBOW HMMYJIbCHBIM METOJI HCCIICIOBaHHS OCTOHHBIX U
KEIe300€TOHHBIX KOHCTPYKIIMI OCHOBaH Ha MU3MEPEHUH CKOPOCTHU MPOXOKICHUS
yJIBTPA3BYKOBBIX BOJIH B TIOBEPXHOCTHOM CJI0€ 0€TOHA, KOTOpast MOCIIE0BATEIHHO
CHUKAETCsl 0 Mepe pa3pylIeHus: OETOHA MO/ JEHCTBUEM TEMIIEPATYyPHI.

[Tpubop, KOTOPHI HA3BIBAECTCS YIBTPA3BYKOBBIM JE(PEKTOCKONOM (PUCYHOK
4.2), uMeeT JIBa BBIHOCHBIX AJIEKTPOAKYCTUUYECKHX MpeoOpaszoBarens. [lepBbiid -
WCITYCKaeT YJIbTPa3BYKOBBIE MMIYJIbChI, JAPYroll MpPUHUMAET, IIPU OTOM
(bukcupyeTcsi BpeMsi, 32 KOTOPOE YJIbTPa3BYKOBAsl BOJIHA MPOXOIUT PACCTOSIHUE
MEXIY OJJIEKTPOAKYCTUUECKUMHU MpeoOpa3oBaTeNsIMM, M PACCUUTHIBACTCS €€
CKOPOCTb. B 3aBUCUMOCTH OT MCHOTHEHUSI IPHOOpa MOJTOKEHNUE TATYNKOB MOKET
OBITh KECTKO(PUKCUPOBAHHBIM WJIM CBOOOJHO W3MEHSTHCS, BO BTOPOM CiIydae
pe3yNbTaT U3MEPEHUsSI B MEHBIIIEH CTENEHU 3aBUCUT OT pa3Mepa oOpasiia.

CKOpOCTh MOBEPXHOCTHOW YIBTPa3BYKOBOW BOJHBI B HE HArPeTOM OETOHE
cocrasisieT okoso 2000-2500 m/cexk.
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a. 0.
Pucynok 4.2. YbTpa3ByKkoBbI€ J1e(PEKTOCKOBI
a - ¢ 3a()UKCUPOBAHHBIMU JATYNKAMU U3MEPEHHUS,
0-1e(eKTOCKOM C pacCTOSTHUEM MEXTy JaTIYNKaAMHU

[Ipn yBenwUeHWMM W TeMIEpaTyphl W BPEMEHHW HarpeBa CKOPOCTh
yIBTpa3ByKa IOCIAEAOBATEIbHO  CHIDKAETCA. OJTO  OOCTOATENBCTBO  J1aeT
BO3MOKHOCTh, CPAaBHHBAsi CKOPOCTh yJIbTpPa3ByKa Ha COCEIHUX YYacTKaxX CTCHBI,
TUTUTHI, BBISBIISATH 30HBI TEPMUYECKHUX MTOPAKESHUH.

Brimmyckaemple  yabTpa3BYKOBBIE — JAC(PEKTOCKOIBI,  PACCUMTAHBl  HaA
WCCJICIOBAHUE PA3IMYHBIX MAaTEPHAIOB — METAUIOB W CIUIaBOB, OCTOHHBIX W
KEIe300€TOHHBIX KOHCTPYKIIUM, a Takke IS MEIUIMHCKUX HaOmonenuii. [lpu
UCCJICIOBAHUM  TIOKapOB B HACTOAIIEE BpPEeMsl  HUCIOJB3YIOTCS  TOJIBKO
nedexkTockonbl s OGTOHHOM M JKEJIe300€TOHHOM  KOHCTPYKIIUU.
DIIeKTPOaKyCTHUYCCKHE MpeoOdpa3oBaTeii MpPH HEOOXOJAUMOCTH MOTYT OBITh
CHAOKEHHbIC YCUJIUTEISIMU YJIbTPa3BYKOBBIX BONH. Kpome Toro, nist paboTsl Ha
MoXKape AJIEKTPOAKYCTHUUECKHE MPeoO0pa3oBaTeNM JODKHBI MMETh CHEIHAIbHBIE
HACaJKd C TOYCYHBIM KOHTAKTOM W OBITh YCTAaHOBJICHHBIMH Ha CIICIIHAIEHOM
mabyione, (PUKCUPYIOLIEM PacCTOSTHUE MEXKIY MpeoOpa3oBaTeNIIMHU, CO IITAHTOM.
Pacctosinue wMexay mnpeoOpa3oBarensiMu (Tak HasbiBaeMas, 0a3a) OOBIYHO
cocraBisier 60-100 mm. Iltanra, Ha KOTOpOM YCTaHaBJIMBAETCS IIAOJIOH,
HEeoOXouMa JIJIsi TOTO, YTOOBI Ha TOXKape MOXHO OBLIO JIETKO JOTSHYTHCS 10
MOTOJIKA, MOCKOJIBKY IMOTOJIOK B TOMEIICHUSX, CACITAHHBIA W3 JKEJIe300€TOHHBIX
TUTUT TIEPEKPBITHS - CAaMBI PaCIPOCTPAHCHHBIM 00BEKT UCCICAOBAHMS 10 TAHHON
Meroaunke. Ha mokape oH, B OTJIMYME OT CTEH, HE 3aropoXeH MeOenbi0 M, Kak
3epkaiio, "oTpaxkaer", PUKCUPYET BCE, YTO MPOUCXOTUT B TTIOMEIIICHHH.

Ha mecte mokapa ynbTpa3BYKOBOE HCCIIEIOBAHWE MPOBOAUTCS OOBIYHO B
CJICIYIOIIEM TTOPSIJIKE:

- HAMEUAIOTCSI KOHCTPYKIIUH ISl 0OCIIeI0BAHNUS,

- COCTaBIISIETCS TIJIaH KOHCTPYKIMH (ITOTOJIKA, CTEHBI) B MacIiTade;

- Ha KOHCTPYKIIMM HaMEYaroTCsS TOYKH, B KOTOPBIX OYIET MPOHM3BOAMTHCS
uccienoBanne. OOBIYHO PACCTOSHUE MEXAY TOYKAMH, T.€. «IIar WU3MEPCHHIAY,
cocraBisier 25-50-100 cm. (B 3aBUCMMOCTH OT pa3MEpoOB KOHCTPYKLIUU W
KOHKPETHBIX 00CTOATEILCTB).
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- BKIIIOUaeTcs nedexrockon, mabioH ¢ mpeoOpa3oBaTenssMu (TaTYNKAMM)
NPKUMAETCsl K KOHCTPYKIIMM B TIEPBOM HAMEUEHHOW TOYKE M MPOU3BOAUTCS
U3MEpPEHUE BPEMEHHU MPOXOXKICHUS YIbTPAa3BYKOBOTO HMITyJIbCa OT JIaTYUKA K
JATYUKY (B MUKPOCEKYH/]IaX) HJIM CKOPOCTh UMITYJIbCA.

N3mepenne  OOBIYHO  TMPOU3BOAUTCA B JBYX  MEPHEHIAUKYJISIPHBIX
HaIpaBJICHUSX U Y4YHUTbIBaeTCs OoJjbinee Bpems (t, MKC) (MM, COOTBETCTBEHHO,
MEHbIIIasi CKOpPOCTh). Jlemaercs 3TO M3-3a TOrO, YTO HAJIMYKME B KOHCTPYKIUHU
KEJIEe3HOW apMaTyphl, €CJIM OHa paclojOoXKeHa IO HAaMpPaBJICHUIO JBIKEHUS
YJIBTPA3BYKOBOM BOJIHBI, YBEIIMUMBAECT CKOPOCTh TOCIETHEH, TTPOBOIS NU3MEPCHUE
B JBYX TNEPHCHAMKYJISPHBIX HAMpaBICHUSAX W BBIOWpas OoJblliee BpeMs
MIPOXOXKJICHNUST WMITYJIbca MBI TEM CaMbIM HCKIIOYaeM BIUSHUE apMaTyphl Ha
pe3yJIbTaT U3MEPECHUMN.

Pe3ynbTaThl m3MepeHuii BO BCeX HaMEUCHHBIX TOYKAX — 3HAYCHUS BPEMCHH
WIA OTHOCHUTEJIBHOW CKOPOCTH IPOXOXICHHUS YIbTpa3BykoBbix BoyiH Cr/Co,
paccYMTaHHOM KaK OTHOIIEHHE CKOPOCTH B 1aHHOM Touke (Cr) K CKOpoCTH B 30HE,
He nojBepriieiics HarpeBy (C0), HAHOCSATCS Ha IJIaH 00CIeyeMOl KOHCTPYKIIUU.
Ha mane Beigensrores 3oubl ¢ Cr/Co B mpenenax 1,0-0,9; 0,9-0,8; 0,8-0,7 u T.1.,
7100 30HBI C PA3IMYHBIMU 3HAYEHUSIMU BPEMEHHU. DTH 30HBI U SBISIOTCS 30HAMU
TEPMUYECKUX TOPAKEHUN HCCIEJOBAaHHOM KOHCTPYKIMU. 30HAa HaMOOJIBIINX
TEPMUYECKUX TMOPAKEHU OyIeT COOTBETCTBOBATH MO0 HAMOOJBIINX 3HAYECHUN
BpPEMEHU WM HanMeHbInnX 3HaueHuii Cr/Co.

[TomydyeHHBIC MaHHBIE TIO PACIPEACIICHUIO 30H TEPMHUYCCKHX IMOPKCHHMA
COIIOCTABIIACTCS C pACHpeIeICHNEM TOXKapHOH Harpy3ku. JlaHHBIE HCTIONB3YIOTCS
B IIOMCKaX ouara rnoxapa.

PaccMoTpeHHBINM  yIBTPAa3BYKOBOM METOJ HCCIEIOBAHMS IIOCIE IOXKapa
OCTOHHBIX MW JKEJIC300CTOHHBIX KOHCTPYKIIMH WMEEeT KaK CBOW SIBHBIC
TIOJIOXKHUTEIbHBIC CTOPOHBI, Tak U HegocTaTku[10].

IIpeumyuiecrea meroaa:

a) ATO OJWH U3 HEMHOTHX HHCTPYMEHTAJIbHBIX METOJOB, MPUMEHSIEMBIX
HEIMOCPEACTBEHHO HA MECTE Tokapa (I0JEBOM METO/);

0) MeTo/ I0CTATOYHO OBICTPHIN U HETPYIOEMKHU;

B) HET OIPAaHUYCHUMN 1O BPEMEHU MPUMEHEHHUS — MOJIB30BATHCS UM MOXKHO U
yepe3 HeAeN0, M Yepe3 Mecdll IOocie Toxkapa. TepMHUUYecKHe MOopaKeHUs
coxpansitorcs. Jlaxke mpou3BeACHHBIM PEeMOHT (MOOeNKa MOTOJKA) HE MEIIAoT
MOCJIEYIOUIEMY YIbTPAa3BYKOBOMY HCCIIEIOBAHUIO.

HenpocTaTku Mmerona:

a) YJIbTPa3BYKOBOW METOJ| BBISBICHUS 30H TEPMUYCCKHUX IMOPAKCHHUH -
METOJ CpaBHUTCIBHBIH (Mbl CpaBHUBAGM aKyCTHYECKHUE XapaKTCPHUCTUKH
Pa3IMYHBIX YYaCTKOB OCTOHHOW KOHCTPYKITUH), TTIO3TOMY HCCIEAyeMble OETOHHBIC
U KeIe300€TOHHBIC W3JCNUS JIOJDKHBI OBITh C OTHOCHTEIBHO PaBHOMEPHBIMU
HCXOJTHBIMU aKyCTHUYECKUMHU CBOMCTBAMH, TAKOBBIMH K€ SIBIISIOTCS, KaK MPaBUIIO,
TOJIBKO Ka4eCTBEHHBIC OCTOHHBIC M3JEIHs 3aBOJICKOTO Mpou3BojcTBa. [locnennee
O0OCTOSITEILCTBO ~ OCOOEHHO  aKTyaJbHO TIPU  HCCIEAOBAHUM  TOMEIICHUH,
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MOCTPOEHHBIX 3a MOCJICTHNE HECKOJIBKO JIET 10 TEXHOJIOTHH TPeTyCMaTPUBAIOIIEH
3aTMBKY O€TOHA HETTOCPECTBEHHO HA MECTE CTPOUTENICTBA.

0) Henb3s TPOBOAWTH W3MEPEHUS B 30HAX 3HAUMTENBHBIX pa3pyHICHHUH
oetona, tae temmneparypa npessiciiaa 700-800 °C u rme GeToH pacchlillaeTcs u
oTclamBaeTcs. A WMEHHO OTH 30HBI YacTO OKa3bIBAIOTCSA  HamOolee
unTepecusiMu[10].

JIMCTAHIMOHHBIE METOAbI MCCJIEOBAHUA OCTATOYHBIX TeMIEPATYPHbBIX
noJieu

Ha HawanpHOW cTamuy WCCIACAOBAHUS TIOKapa CIEIUATUCTaM MOXKET
MOHAMOOUThCA HWHGMOpPMAIUMs O TEeMIeparypax MporpeBa  CTPOUTEIBHBIX
KOHCTpyKIui. Tam, rae orpaxkgaromye KOHCTPYKITUU TEIUIee CKOopee BCEero OHU
TPENUCh JOJIbIIE, ITOATOMY B 3TOM MECTE HY)KHO MCKaTh o4ar mokapa. J[ms atux
1eJIei B apceHalie CIEIUAINCTOB UCCIIEIOBATEILCKIX UCTIBITATCILHBIX TTOKAPHBIX
nabopaTopusax, TMpeJAHA3HAYEHHBIX JUISI  MCCIEAOBAHHMS  MecTa  IoXapa,
NPaKTUYECKH BCETJa HMMEIOTCS MUPOMETP Pa3Iu4HOM Moaudukanuu (pUCyHOK
4. 3).

[TupomeTp — npubop /uist ~ OECKOHTAKTHOTO

Ve MU3MEPEHUS TEeMIIepaTyphbl. [TpuHIUn
m JICWCTBUSI OCHOBAH HA U3MEPEHUU MOIIHOCTH
TEIJIOBOTO HM3JIYYCHHS OOBEKTa H3MEpPEHUS

-

MIPEUMYIIIECTBEHHO B JIAara3oHax
MH(PpaKpacHOrO U3IY4YEHUST U BUIUMOTO
CBETAa. [lupomeTpoM  MOXKHO  CHSTH
MOKa3aHUsI Ha HECKOJIbKUX YPOBHSX CTCHBI U
HAaHECTH MX HA IUJIaH — CXEMY MeCTa MoXKapa.
BoigenuB  30HBI  HaMOOJBIIEr0 MNpPOrpeBa
MOYKHO BBIMTH Ha OYar Ioxapa

Pucynoxk 4.3.

WNudpakpacubliit mupomeTp

B Ttex e muensx mnpu HamMuuu 00OpymoBaHUSA I (HOPMHUPOBAHMS
JIOKa3aTebHON 0a3bl MpU (PUKCUPOBAHUU OCTABIIMXCS TEMIIEPATYypPHBIX TOJIeH
MO>KET MCIIOJIB30BAThCS TETIOBU30P. ITO YCTPOMCTBO VISl ChEMKU M300pasKeHHI B
MH(paKpaCHOM JAMana3zoHe BOJH. T.€., MOJAPYroMy TOBOpS, TEIJIOBU30p - 3TO
ONTUKO-AJICKTPOHHAS CHUCTEMa, NpeJHa3HAYCHHAs IS MOJYyYEeHHUS BUJIUMOTO
n300paxkeHusi 0OBbEKTOB, HCITYCKAIOIMX HEBUIMMOE TEIUIOBOe (MH(paKpacHoe)
u3iydyeHue. Yaie BCero TErioBU30p UCIOJIb3YeTCd B KauecTBE MPUOOpa HOYHOTO
BUJICHUS WJIU JJIsI TIOJTYYEHUSI TEMIIEPATYPHOTO MOJIsT 0OBEKTA.

[Ipy momonm TEemIoBM30pa MOXXHO MTHOBEHHO H3MEPUTH TeMIepaTypy
JIECATKOB THICAY TOUYEK OOBEKTa. TerToBU30PHI SIBISIIOTCA WU3MEPHUTEIBHBIMU
nmpubopamu, MOATOMY MX WHOTJIa HA3bIBAIOT U3MEPUTEITHHBIMH TerioBU30pamu. C
MOMOIIIBIO TEIJIOBH30pa MOXKHO YBUJETh U 3a(DUKCUPOBATH IETUKOM KapTHHY
TEMIIepaTypPHBIX TOJIEH HEOCTBHIBIIMX KOHCTPYKIIUN MOce moxkapa. M3o0paxenue
C TEIJIOBM30pa MOKHO pacreyaTaTh U BJIOXKUTH B JE€J0 O noxape (pucyHok 4.4 -

49


http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D1%80%D0%B0%D0%BA%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5

MPUMEP COCTABJIEHUS CXEMBbI PACIpEEICHUs OCTATOUYHBIX TEMIIEPATypPHBIX 30H Ha
CTEHE, MPHUJIETAIOIICH K oYary moxapa).

Bnox-cTe HKA

Pucynox 4.4.PacnpeniesicHue OCTaTOYHBIX TEMIICPATYPHBIX 30H Ha CTEHE,
npuierarorieii kK oyary mosxapa[l10].

JlabopaTopHble HHCTPYMEHTAJIbHbIE MeTOo/AbI nccIeI0BAHMA
HEOPraHU4eCKUX CTPOUTEJIbHBIX MATEPHAJIOB

OT100p npod Ha MecTe MoxKapa

Ha uccnenoBanune moryt otObuparbcsi mpoObl OETOHA U Keae300eToHa Kak
3aBOJICKOTO, TaK M M3TOTOBJICHHBIE METOJIOM JIUThS B OMATYOKY HETOCPEICTBEHHO
Ha CTpOMKEe; B TOM 4YHUCJE CTEH M3 OETOHHBIX OJOKOB C pa3IMYHBIMU
HAIOJIHUTEISIMUA; TPOOBI CUIIMKATHOTO (0enoro) Kupmnu4ya, npoObl IITYKATYypKH,
CYXOM IITYKaTypKu (TUIICOBBIE TUIUTHI).

Ecnu creHa ciojkeHa M3 KpacHOro KUpIHYa, Ha UCCIEOBaHHE OTOMPAIOT
npoObl LIEMEHTHOTO KaMHS M3 KIJIAJIOYHOTO PACTBOPA, CKPEIUISIONIEr0 KUPIHYU.
TouyHO Tak e MOXHO 0TOOpaTh MPOObI LIEMEHTHOT'O WUJIM THIICOBOIO PAcTBOpa Ha
CTeHE, O0JIMIIOBAaHHON Ka(eTbHOM IITUTKOH.

Ot6op mpod® HEOOXOAMMO OCYIIECTBISATH MO TOPU3OHTAIBHOMY YPOBHIO
PacmnoyIOKEHHOMY TMapaJijIeNIbHO TOJTy, YTOOBI MecTa 0TOOpa MpoO HAXOAWIUCH Ha
OJTHOM BBICOTE, MOCKOJBKY pPa3HOBBICOTHBIE MPOObI MOTYT pPAa3IUyaThCs IO
CTETICHH MTPOTPEeBa M3-3a BIMSHUS KOHBEKTHBHOTO TIPOTPEBa.

[TpoGsr 0TOMparoTCs TyTEM CKAJIBIBAHUS MOJOTKOM W3 TMOBEPXHOCTHOTO
ciost (MeHee 3-5 MM.), OYHMIIEHHOTO OT OCTATKOB KPacKu, Mycopa, KOTIOTH.

Macca orOupaemoii mpoOs! T0KHA cOCTaBIATh 1-10 rpaMm (B 3aBUCUMOCTH
OT MOCJEIYIOUIEr0 METO/1a aHAIN3A).

MO0>XHO ¥ HY>XKHO 0TOHMpaTh NpoObl B HarbOosee pa3pylIEHHbIX 30HaX, B TOM
yuciae mo mnepudepurd 30H OTCIOCHUS 3alIUTHOTO CJIos OeToHa, TJe
yJIbTPa3BYKOBBIE HCCIIEI0BAHUS HEBO3MOYKHO ITPOU3BECTH.

B naGopaTopun mpoObl 7151 BceX BUIOB aHAlIM3a MU3MENbUaloT, CyIIaT MpU
temreparype 80-100 °C u uccuenyror.
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B naGoparopuu mpoObl 1y BCeX BHIOB aHajdn3a H3MENbUaloT, CyllaT U
uccienyor. OCHOBHBIMH METOJaMH  JTaOOPaTOPHOTO  HCCIEAOBaHUS P00
HEOPTaHUYECKUX CTPOUTEITHHBIX MaTEPHAIIOB SIBJISTFOTCSI:

1) pentrenocTpykTypHbiid anam3 (PCA);

2) undpakpacnas cnekrpockonus (MKC);

3) TepMUYECKUI aHATU3.

B oTimume oT ynpTpa3ByKOBOI'O METO/Ia OHH MO3BOJISIFOT MCCIEAOBATH BCIO
raMMy MaTepuajioB Ha OCHOBE IIEMEHTa, WU3BeCTH, rumca. LleHHo To, 4Tro Ha
OCTOHHBIX U KEJIE300€TOHHBIX KOHCTPYKIHSIX MPOObI HA HCCIIETOBAHHE MOKHO
oTOMpaTh, B TOM YHWCJE, U B 30HAaX CHJIBHBIX Pa3pyIICHUU, I/I€ MPUMEHEHUE
yIIbTPa3ByKOBOTO METO/A HEMTPHUEMIIEMO.

Tepmuyeckuii anaaus

B mo0om BemecTBe Mpy U3MEHEHHH TEMIIEPATyphl MPOTEKAIOT Pa3InIHbIC
npoueccsl: puznueckue (TiaBjieHUe, KpUCTAIIN3alus, UCIIApEHUE WK KUTIEHUE) U
XUMHYECKUE (pa3ilo’KeHUEe, TEPMOOKHUCIUTENbHAS NECTPYKUUsS, CIIMBKA W T.II.).
Bce oOHM MOTyT CONpPOBOXIAThCSA BBIIEJICHHUEM W IOIVIOUIEHHEM TeEIUIa,
M3MEHEHUEM MAaCChl U JpYyTrux cBoMcTB. DuKcanus KoieOaHuid CBOWCTB MaTepHalia
B 3aBUCHMOCTH OT TEMIEpPATypbl COCTAaBIISIET CYIIHOCTb Pa3IMYHBIX METOJOB
TEPMHUUECKOT0 aHAJIN3A.

Tepmuueckuii aHamu3 HCHOJB3YIOT B JIByX BapUaHTax: MpOCTEHIIeM —
TUTEIFHO-BECOBOM M B BapHAHTE CUHXPOHHOTO TEPMHUUYECKOTO aHAN3a.

B THurelbHOM-BECOBOM aHajM3e pacTepThie TPOOBI 3acChINAlOT B
¢apdopoBble TUTIM ¥ HarpeBaroT B MyQeabpHoii meun npu temrepatype 800 °C B
teuenue 1-1,5 ygac. Ilocne HarpeBa u OXJIAKJI€HUS MPOOBI TOBTOPHO B3BEIIUBAIOT,
onpenesissi BeIMUUHY yOblIu Macchl mpoOsl (% macc.) Dta BenuuuHa (L,% macc.)
MOKET OBITh HCIOJh30BAaHA B KadeCTBE KPUTEPHUS CTETNEHU TEPMHUYECKOTO
MOpaKEHUS MarTepuajga Ha TIOoXape, YeM OHa MEHBIIE, TEM BBIIIE CTENEHb
TEPMUYECKOTO TIopakeHusI[2].

4.4 Knaccupukanus MeTAUTHYECKUX M31eJIUI ISl HeJiei MmoKapHo-
TeXHHUYECKOH IKcnepTu3bl. PU3NKO-XUMHYECKHE H3MEHEHN I, BOSHUKAKOLIHNE
¢ METAJIMYECKUMU U3/1eJIMSIMHI HA NoKape

Haubonee pacnpocTpaHeHHBIMU METaNIaMH, U3 KOTOPBIX HU3TOTaBIUBAIOT
pa3linuHble KOHCTPYKIIMU W W3JEIUsl SIBISIOTCS CIUIaBbl Ha OCHOBE XKeje3a,
alrOMUHUS, Meu. Bce oHU, B pa3HOM CTereHn, MOTYT ObITh OOBEKTaMHU TMOKAPHO-
TEXHUYECKOU IKCIIEPTU3BI.

Yuctoe xene30 — OsecTamuil Oenblii MeTallil ¢ TeMIIepaTypol IUIaBJICHHUS
1528 °C. Uyryn comep:kut o0buHO 2 — 5 % yriaepoga u apyrue npumecu (mo 10
%). Temneparypa mnasnenus ayryHoB 1100 —1200 °C. Cramu — 3TO CILIaBEI
kKeJeza ¢ yriiepodom, coaepxkamue a0 2 % yriaepona. Temneparypa muiaBieHUs
craieii Haxoautes B peaenax 1300-1400 °C.

Cranb ¢ copepxkanuneM yrieposa Menee 0,5 % Ha3bIBaeTCsl KOBKOW CTaJIbIO.
OHa CpaBHUTEIBHO MSTKa, TMOJAACTCS KOBKE M XOPOIIO CBapHBAETCS.
Yraepoaucteie CTalnu € COAEp:KaHWeM yriepoja okono 1,4 % HCKIIOUHUTEIBHO
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TBepAbl. B cramsix conenuaabHOTO HA3HAUYCHUS (JICTUPOBAHHBIX — CTANISX)
collepKaTcsl 3HAYUTENIbHbIE KOJMYEeCTBA KpeMHUsT W Mapranua. Jpyrumu
JETUPYIOUIUMHU JT0OaBKaMH MOTYT OBITh BaHaJui, XpoM, MOJHOJIEH, BOJb(dpam,
HUKelb, KoOanbT. HepxkaBeromue cramu conuepkaTr OOJbIIMe KOJWYECTBA XpoMma
(mo 18 %) u nukens (10 8 %).

CranpHble KOHCTPYKIIMM W  HW3JENUsS OYEeHb PACIPOCTPAHEHBI B
MPOMBIIIUIECHHOCTH U B OBITY, MX IOYTH BCETJa MOXXHO OTBICKATh Ha MECTE
nokapa. Cpean mpoyux METaJUIOB, CTAH SIBISIOTCS HamOosiee WH()OPMATUBHBIM
00BEKTOM IKCIIEPTHOTO MCCIICIOBAHUS ITPH TIOUCKE ovara rmoxapa.

CranpHble W3AETHS, KOTOPhIE MOTYT TOJBEPraThCsS HCCIICIOBAHUIO IOCIHE
no’kapa, pa3AeiioT Ha JIBE TPYIIIIHL:

1) ropsiuekaTaHHbBIE CTATBHBIC U3 ICTTHS;

2) x0510AHOAe(hOPMUPOBAHHBIE CTATBHBIC U3/IEIH.

MeronoM ropsiuell TPOKATKHM W3TOTABJIMBAETCS OCHOBHOW COPTAMEHT
CTAJIbHBIX U3JIETTUN — YrOJIKOB, TaBPOB, JBYTaBPOB, TPyO, JUCTA, 3aT€M U3 HUX
CBApUBAIOT  KOHCTPYKIIMU  3JaHUN U COOPYXKEHUU, TEXHOJOTHYECKOTO
000pya0BaHUSI.

Xo0510/1H01€POPMUPOBAHHBIMHU ~ CTAIBHBIMU U3/ICNIUAMH HA3bIBAIOT U3JCIIUS
U3TOTOBJICHHBIE METOJOM XOJIOJHOM JeopMaliui — NPOTSAKKU, IITAMIIOBKH U Jp..
[Tyrem xonomHoil nedopmaruu (HAKJIEOM) HW3rOTABJIMBAIOTCS BCE HamOoJiee
pacnpoCTpaHEHHBIE THUIIOPa3MEpPhl KPETEKHBIX HM3JACHHA - OOJITHI, TalKH,
IIMWIBKA, BUHTHI, ITyPYIbI, TBO3IW, HEKOTOPHIC THUIBI TPyO, MITaMITOBAaHHEIC
KOpoyca M JeTaidd npubopoB, obOopyaoBaHus, aBroMobOwmiiel. I[locnemyromieit
TEPMUYECKON 00pabOTKe Ha 3aBOJC OHHM HE MOABEPTAIOTCS, COXPAHSIIOT CTPYKTYPY
XOJIOMHOW JehopMavil ¥ SIBJISIOTCS BaXKHBIMA OOBEKTAMHU HCCIICIOBAHUS TIPHU
YCTaHOBJICHHH OdYara Ioxkapa.

Yucras Menap — TATYYUMM BSI3KMHM METAUI  CBETJIO-PO30BOrO  IIBETA.
Temneparypa mnasnenuss mean 1083 °C. CymectByromias Ha HOBEPXHOCTH
TOHYAMIIAS TJICHKA YePHOM OKUCH MEIU MpujaeT Meau Oosiee TeMHbIN 1BeT. [lpu
HarpeBaHUM Ha BO3JyXe MeIb TEMHEeT 3a cYeT oOpa3zoBaHus Oojee TIIOTHOM
wieHKy okucu Mmenu. Ilpu Gonee Bhicokoi Temmeparype (okosno 100 °C) okuck
MEIU pasziaraerca ¢ O00pa3oBaHUEM 3aKMCH MEOU KpPAaCHOTO IIBeTa. JTO
OOCTOSITEILCTBO JA€T BO3MOXKHOCTh B OTACIBHBIX CHUTYallMsIX OILICHUBATh,
MPEBBIIIAJIA JTU TEMIIepaTypa B 30HE, TJIe HAXOAUTCS METHOE U3JICINE, YKA3aHHYIO
TEeMITepaTypy.

ITo macmraly CBOETO NMPUMEHEHHUS B IPOMBIIUICHHOCTH MeEAb 3aHUMAaeT
BTOPOE MeCTO, rmocie craau. OTrpoMHOE KOJMYECTBO MEIHM HJET Ha M3TOTOBJICHUE
AIEKTPUYECKUX TPOBOAOB M Kabeseil. M3 Meau menaroT pa3InyHyro armapaTypy:
KOTJIBI, YaHbl, MEeperoHHbic KyObl. IlIMpokoe NpHMEHEHHWE HAILIM Pa3JIHYHBIC
MEJHBIC CIUIaBbl. BaXHEHMHMMHU W3 HUX SBISIIOTCSA: JaTyHH (CIUTaBbI MEIH C
IIMHKOM), OpPOH3BI (CIIaBBI MEIIU C OJIOBOM). Menbxuop, coaepsxamuii 80 % mean
u 20 % HuKens TO BHEITHEMY BHJy HamoMUHaeT cepedpo. Temmepartypa
IUIaBJIEHHS MEIHBIX CIIABOB HIKE, ueM uncToi Meau (B mpeenax 800-1040 °C).
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B mnoxapHO-TEXHMYECKOW HKCHEPTU3€ MEIb M3Y4aloT, B OCHOBHOM, KakK
COCTABHOM 3JIEMEHT 3JIEKTPOCETEH M AJIEKTPOYCTAHOBOK IMPH BBISIBICHUU MPUYUH
MOXKapOB.

AOMUHUM - cepeOpucTo-Oenblii MATKUN MeTall ¢ TeMmIlepaTypou
mwiainenust 660 °C. Ilpu temmeparype okoio 600 °C alOMHHHN CTaHOBHTCS
XpYyOKMM ¥ JIeTKO o0pa3yeT aJllOMUHUEBBIM MOpolok. Temmeparypa
BOCIUUJITAMEHEHUSI AJIIOMUHUSI HAMHOT'O TPEBBINIAET €r0 TEeMIlepaTypy IUIaBICHUS,
MOATOMY AJTIOMUHUEBBIC W3JCNIMsS HE 3aroparorcs B miameHu. Ha moBepxHocCTH
ATIOMUHUSL BCErJla MMEETCS TOHKas (IIOYTH MOHOATOMHAsl) OKCHUJIHASI TUICHKA,
3aIUINAONMAs METAUT OT JallbHeWmero oxkuciaeHus. Kakoi-mubo mose3Hon
AKCIIEPTHOW MH(POPMAIIUU UCCIEAOBAHIE OKHCHOTO CIIOS Ha ATFOMUHUU HE J1aeT.

CnnaBel aTlOMHHUS, B OTIWYHE OT YHUCTOrO METajja, 00JaJaroT OOJBIIOM
MEeXaHU4IeCKOW mpouHocThio. Jropamomunuii (3-5 % memau, 1 % maraus, 0,5-0,8
% wMaprasiia) HCHOJb3yeTCs B camolieTocTpoeHuu. M3 cunymuna (12-14 %
KPEMHUS1) JI€JIal0T JINThIE IETAIH. AJTIFOMUHUEBBIE CILIABBI IIUPOKO HCIIOIB3YIOTCS
B CTPOUTENBCTBE (LEIHPHOMETAIUIMYECKUE aHrapbl, OMNOPbl U  HECYIIUe
KOHCTPYKIIMH), CYAOCTPOCHUU. bBONbIIOE KOJUYECTBO AMOMUHUS UOET Ha
U3TOTOBJICHHUE AJICKTPOIIPOBOIOB[2].

4.5 BusyaabHble NPHU3HAKH  TEePMHYECKHX  MOPAKEHHWH  HA
KOHCTPYKIIUSIX U3 METAJIJIOB U CIJIABOB

[TocnencTBus TEMIOBOTO BO3JCUCTBUS HA MOKape HAa METalibl (CILJIaBbl) U
KOHCTPYKITUHU U3 HUX BBIPAKAIOTCS B:

- neopmaruuy;

- 00pa30BaHUM OKHUCIIOB HA MTOBEPXHOCTH METAIIA;

- CTPYKTYPHBIX H3MEHCHHUSX, COMPOBOXKIAIOIMIMXCS H3MEHEHUEM (PH3UKO-

XUMUYECKUX U MEXaHUYECKHX CBOMCTB;

- pacIuUIaBJICHUH U MPOTUIABJICHNH,

- TOPEHUHU.

PesynbraThl mpoTekaHHs 3THX IMPOIIECCOB IMPU OCMOTPE MeCTa MoXKapa
MOKHO 3a(pMKCHPOBATh BU3yaJIbHO WJIA C MIOMOIIBI0 HHCTPYMEHTAIBHBIX CPEJICTB,
a TIOJIy4eHHYI0 TaKuM 00pa3oM HMHGOPMAIIMIO UCIIOJIh30BaTh MPU MOUCKAX oyara
no>xkapa.

PaccmoTpum mocneoBaTeNbHO TIEPEUNCIICHHBIC BBIMIE MPOIECCHI, METOBI
dbuKcalM WX TIOCJICACTBHI Ha MECTE T0Kapa M BO3MOXKHOCTH DKCIIEPTHOTO
WCITOJIb30BAHUS TOJYYCHHBIX CBelieHnid. OCHOBHOE BHUMAHHWE MPU ITOM YICITUM
CTaJIsIM - HauboJiee pacpOCTPaHEHHOMY CILJIaBY.

Hedopmanusi — OIWH W3 CaMbIX HHU3KOTEMIICPATYPHBIX IPOIECCOB,
MIPOUCXOISIINX C METATHICCKUMHU HU3ICITUIMH Ha TToXKape.

HarpeB cramu cBoime 300-350 °C  OpuBOOUT K  MOBBIIMICHHIO €€
MJIACTUYHOCTH UM COMPOBOXKJIACTCA CHIDKCHHEM TMPOYHOCTH U TOSIBJICHUEM
3ameTHbIX gedopmarmit. IIpu 500-600 °C mpodHOCTH YIIIEPOIUCTOM CTallH
CHW)KAeTCs  BABOE, JedOopMalMd  HATPYKEHHBIX  DJIEMEHTOB  CTaJbHBIX
KOHCTPYKITUH CTAaHOBSATCA 3HAYUTEIBHBIMU MO BeluuuHe U 15-20 MUHYTHBIN
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HAarpeB MOXKET MpuBecTH K ux oOpymreHuto. IIpu 1000 °C mpodHOCTH CTamm
cHmkaetcd B 10 pas.

Temnepamypa 450-500 °C cuumaemcs memnepamypoit nomepu necywieil
CROCOOHOCMU CIANIbHBIX U30ETUI.

[ToMmuMo cTanmu HecyllMe KOHCTPYKIIMM H3TOTABIMUBAIOTCA TaKXke WU U3
QTIOMUHUEBBIX CIUIAaBOB. Temnepamypa nomepu Hecywiell CcnocoOHocmu
KOHCMPYKYUIL U3 a1l0MUHUeslx cniasos cocmasisem 250 °C.

Pasymeercsi, mpy 3TOM KOHCTPYKLHUS HE pa3pyllaeTcs MOJHOCThro. OHa
IPOCTO TEPECTACT BBIMOIHITH CBOIO (DYHKIHMIO BBIAEPKUBATH HArpy3Ky IPYTHX
KOHCTPYKTUBHBIX 3JIEMEHTOB 3[aHUS WM COOpYKeHHsA. B mepByro ouepenb oHa
rHeTcs, Aedopmupyercs. OTu aedopMalvd TpU OCMOTpEe MecTa Moxapa
HEOOXOJMMO OIICHHBATh KOJMMUYeCTBEHHO. OIleHKa BEJIMYUHBI U HAMPABICHHOCTH
nedopManuii gaeT BaxHyo HUHGOpMAIMIO 00 OTHOCUTEIHLHON MHTEHCHUBHOCTH U
HaIIPaBJICHHOCTH TEIJIOBOTO BO3ACHCTBUS B PA3JIMYHBIX 30HAX IOXKapa.

[lo HanpaBieHuo aepopmMalii METAUIMYECKUX JIEMEHTOB MOXKHO CYJIUTh
O  HampaBJICHMM  HAWOONBIICTO  TEIUIOBOrO  MOTOKa  (pHCyHOK 4.5).
MeTannoKOHCTPYKIIMU U UX OTAEIbHBIE AIEMEHTHI 1e(h)OPMUPYIOTCS, KaK MPaBUJIO,
B CTOPOHY HauOOJIBLIETO Harpesa.

Benuunna pedopmanyy MeTalIMYECKOM KOHCTPYKIIMHM IMPOMOPLUOHATBHA
TEMIEpaType M UIMTEIbHOCTH ee HarpeBa. OnHaKoO YacTo HaumOOJbIIas
nedopmanusi HaOIOAAeTCS HE TaM, TJe MMEI0 MECTO HauOOoJbIIee TEIIOBOE
Bo3nelicteue. OHa MOXET ObITh CBsi3aHAa C 0oJiee BBICOKOW HArpy3KoW,
UCIIBITHIBAEMONM KOHCTpyKuuen. Hampumep, uyame Bcero cranpHas Oanka
NEPEKPBITUS UMEET HAauOOJIbIIYI0 Je(OopMaluIo MOCEPEAUHE MPOJIeTa, YTO BOBCE
HE 03HAYaeT, YTO UMEHHO B 3TOH TOUYKe ObLI Hauboyiee MHTEHCUBHBIN Harpes. B
TOM MeCTe Ha OaJIKy IeUCTBYET HauOOIBIINI N3rHOAIOIINIT MOMEHT.

KosmmuecTtBeHHO CpaBHUBATH MEXIY coboit MOXHO JIAIIb
paccpenoTOUYECHHBIE IO MECTY I0Kapa OJHOTHUIIHBIE M OJUHAKOBO Harpy>KCHHbIE
KOHCTPYKUMHU. Takylo CpaBHUTENIbHYIO OLIEHKY HEOOXOAMMO paccMaTpUBaTh Kak
Ba)KHBII MPHU3HAK HAIIPABJIEHHOCTH PACIPOCTPAHEHUSI TOPEHUS.

Pucynok 4.5.Jlehopmaniusi METaUTMYECKUX KOHCTPYKIIMI Ha ToXKape
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YToOBl KOJIMYECTBEHHO OLIEHUTh CTENEHb Jie(opMallui, pacCUNTHIBAIOT TaK
HAa3bIBAEMYIO BEJIMYMHY OTHOCUTEIBHOU AeopManuu. ITO OTHOIICHUE BEITUYUHbI
nporuba K BEJIMYMHE Y4YacTKa KOHCTPYKIIMM, Ha KOTOpPOM OTOT MpPOrud
naomoaetcs (b/l) (pucynok 4.6).

Benwuuna b/l myis omHOTHITHBIX KOHCTPYKIIMH HAHOCHTCS Ha IUTAaH MECTa
noxapa. Takas wuHopManus B TMEpBOM NPUOTUKEHUM  XapaKTepU3YeT
pacnpeneneHrue 30H TePMUYECKUX TIOPAKEHUN Ha MECTE TMoKapa M MOXKET OBITh
UCIOJB30BaHA B TIIOUCKaX €ro ovara. OTH JaHHbIE OTHOCSTCS K Tpymme
MOCJe0BaTEIbHO HapacTaromuX (yObIBAIOINX ) TEPMUYECKUX MTOPAKEHUH.

Pucynok 4.6.M3mepenns BeIMUMHBI OTHOCUTENBHOU AedhopMaun
b — MakcUMaNBbHBIN TPOTUO KOHCTPYKITUH;
|- yaacTok, Ha KOTOPOM MPOU3OIIEI MPOTHO

Tpebyror CEPBE3HOTO BHUMAaHUsA JIOKaJIbHbIE aepopmaru
METAJUIOKOHCTPYKIIMM ~ HAa  OTACJIBHBIX  y4YacTKax, T.6.  IIPOU3BOJIBHO
PACIIOJIOKEHHBIE TEPMHUUECKUE MTOPpaKeHUsA. YETKO BBIPaKECHHBIEC U 3HAYNUTEIIbHbBIC
[0 BEJIMYMHE JIOKaJNbHbIE JedopMallui BO3HMUKAIOT, KaK MPaBWJIO, Ha HAyaJlbHOMN
CTaJMM TOXapa, KOrjga TOpPEeHHs] BO BCEM O0BbEME IMOMEIECHUS €IIe HEeT H
KOHCTPYKIIMM HAarpeBaroTCs OT odyara Mokapa B OTPAaHMYEHHOW JIOKAJIIbHOW 30HE.
Ecnu ykazaHHOE JIOKaJIbHOE TEPMHUUYECKOE MOPaKEHUE HE HAXOAUT OOBSICHEHUS —
OHO JIOJDKHO BOCTIPUHMMATHLCS KaK 04aroBbIM MpU3HAK[2].

Oo0Opa3oBaHue OKHUCJIOB HA MIOBEPXHOCTH MeTaJIa

AJIIOMMHHH U €ro CIVIABbI

N3BecTHO, 4YTO Ha IOBEPXHOCTH QAIIOMUHHS M €ro CIUIABOB YK€ IIPU
KOMHATHBIX TEMIIEpaTypax CYLIECTBYET MHUKPOHHOM TOJIIIMHBI OKHUCHBIM CIIOH,
KOTOPBIN MPEAOXPAHSIET ATFOMUHUN OT OKUCIEHUSA. OKHUCEN 3TOT BBIIOJIHSIET CBOIO
GYHKIMIO M TpPU HarpeBe aJllOMHUHHEBOrO HU3JENMs Ha TMoXape, BIUIOTH [0
JOCTIDKCHUSI TeMIIepaTypbl TUTaBJieHUs amoMuHus. Kakoi-mmbo mose3Hon
HKCIEPTHON WHGOpPMAlMU U3 MCCIEAOBAHUS OKHUCHOTO CJIOS Ha aJlOMUHUU
U3BJICYb HE yIAETCS.

Mennb

Ha moBepXHOCTH MEIHBIX M3IEIUA 10 Temreparypsl npumepao 100 °C -
IPUCYTCTBYET YepHas uieHka okucia. [Ipu Harpese Boime 100 °C u mocTatoyHOM
JUIMTENIBHOCTH - oOpa3yeTcsi IJIEHKa 3aKUCH MeIU - KpPacHOro IBeTa. ITO
OOCTOSITENILCTBO JA€T BO3MOXHOCTb B OTACJIBHBIX CHUTYallMsIX OLIEHUBATh,
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IPEBBILIANIA JIU TEMIIEPATypa B 30HE, TJI€ HAXOAUTCS MEIHOE U3JIETUE, YKa3aHHYIO
TEeMIIepaTypy.

Cranb

Ecnu nmoBepxHocTh 00paboTaHHas, I1ajikasi, TO EPBBIM MPU3HAK TEIIIOBOTO
BO3JICUCTBUSI, KOTOPBIM MOXKHO OOHAPY>KUTh BU3YAJIbHO - Y8EMA NOOEIHCANOCHU.
OHU TOABIIAIOTCS NIPU HarpeBaHuu craiu 1o TemrepaTtypsl 200-300 °C 6aaromaps
o0Opa30BaHHUIO HA €€ I[OBEPXHOCTU IUJICHKH OKHCJIAa MHKPOHHOW TOJIIUHBIL.
TonmmuHa cnos OKKca 3aBUCUT OT TEMIIEPATyphl, a 3a c4eT UHTephEPEHIINN CBETa
C U3BMEHEHHEM TOJILIMHBI INIEHKU MEHSETCA €€ BET. Takum 00pa3oM, Mmoiaydyaercs,
YTO IIBET IJICHKM okucha ("IBeT MmoOexkanocTu'") 3aBUCHUT OT TEMIIEpPaTypbl
HarpeBa CTaJld U MOXET HCIONb30BaThCAd Il ee omnpeaeneHus. CylecTByeT
IPUMEPHO CIEAYIONIas I[BETOBAs MIKaJa I[BETOB MOOEKaJIOCTH Ha CTANAX (Talnuia
4.3 - CIIeKTp IBETOB MOOEIKAIOCTH).

Tabnuna 4.3 - cnexTp 1BETOB MO0EkKAIOCTH

L{BeT mo6examocTu TonmuHa cia0s1 OKHCIIa MKM Temneparypa Harpesa, °C
CBeTJI0-KEeNThIN 0,04 220-230
COJIOMEHHO-KEITHIN 0,045 230-240
OpanxeBblit 0,05 240-260
Kpacno-¢uoneToBbrii 0,065 260-280
Cunuii 0,07 280-300

Crnenyer OTMETUTh, YTO OIIEHKA HAarpeBa METAUTMYECKUX KOHCTPYKIHM IO
1[BETaM MMOOEKAIOCTH MPU NOKMCKAX ovyara nokapa MCIoyb3yercs penko. Yaiie 31o
JeJlaeTCsd TMpU yCTAaHOBJEHUU TPUYUH TI0KApOB, CBSI3AHHBIX C TPEHUEM,
JIOKaJIbHBIM IEPETPEBOM B TEXHOJIOTUUECKUX YCTAaHOBKAX, IBUTATENAX U T. 1.

OxaJyinHa

Haunbosiee WHTEHCHBHO OKHCIEHUE CTAJbHBIX M3JCIUA MPOTEKAET MPH
temmeparype, npessimaromeii 600 °C. IIpu 3ToOM MOBEPXHOCTH JKEJIE€3a M CTalleh
IOKPBIBAETCSI NPOAYKTaMHU Ta30BOM KOppo3uu — oOkajnuHou. DopmupoBaHue
IJIOTHOTO CJIOA OKAJIMHBI B TE€UEHHUE IJOCTATOYHO KOPOTKOIO IEpuoia BPEMEHU
HauMHaeTcs ¢ TemrepaTypsl okojo 700 °C. Poct ciios OKaaMHBI IPOHUCXOJHUT IO
napaboJIMueCKOMy 3aKOHY M PE3KO HWHTEHCU(UIMPYETCS C TMOBBIIMICHUEM
TeMIepaTyphl.

OxkaniHa COCTOMUT W3 TpPEX MOCIEAOBATENIbHBIX CIOEB OKHUCIOB Keje3a -
BYCTHTA, MarHeTUTa U reMatuTa. TOJIIMHA OKaJUHbBI U €€ KOMIIOHEHTHBIH COCTaB
ABJISIIOTCS. QYHKITUSIMU TeMIIEpaTypbl U JUTUTEIHLHOCTH TEMJIOBOTO BO3/ICHCTBUS.

UepenoBaHue OKHUCIOB Ha MOBEPXHOCTH METajula CBA3aHO C Pa3HbIM
MPOIIEHTHBIM COAEPKAHUEM KHUCJIOpPOAa B BO3AYXE B MPOLECCE Pa3BUTHUS MOXKapa.
Bnayane npu OTHOCHUTEIBHO BBICOKOM COAEPKAHUU KHUCJIOpPOAA IPOUCXOIUT
oOpa3oBaHHE TeMATHUTA. 3aT€M MO MEpPE BO3paCTaHUsI TEMIIEPAaTypbl U CHUKEHUU
KOHIICHTpAIlMU KHUCJIOpPOJa B BO3JyX€ IOJ CIOEM TreMaTuTa oOpa3yeTcsi CIlioi
MarHeTUTa M HIDKE CJIOW BycTUTa. TakuMm 0Opa3om, 4eM BHINIEC TeMIlepaTypa, TeEM
OOJBITIE B OKAJIMHE BYCTUTA U MEHBIIIE TeMaTUTa
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OTO0 00CTOSATENBCTBO TMO3BOJSET IO LBETY OKAJWHBI U €€ TOJIIMHE
OpPUEHTUPOBOYHO OILICHUBATh TEMIIEpaTypy HarpeBa MeETaJUIOKOHCTPYKIUH.
Huskoremneparypras okanuaa (700 — 750 °C), B KoTopoii Majio ByCTUTa, OOBIYHO
UMEET PBIKEBATHI OTTEHOK M JIOCTATOYHO TOHKas. OkanuHa, oOpa3oBaBIIasiCs
pu 900-1000 °C u Goinee - ToscTast U yepHas. [2]

Byctur 10 570 °C TepMOIMHAMHYECKH HEYCTOWYHB M MOATOMY prKaBYMHA
Ha eJjie3e, 00pa3oBaBIIascs npu Temieparype Hiwke 570 °C BooOIIe He COMEPIKHUT
BYCTUTa M COOTBETCTBEHHO JIBYXBAJIEHTHOTO jkKelie3a U MMeeT Oypblil 1BET (I[BET
rematuTa). OJHAKO pKaBUMHA 10 CBOEH CTPYKTYpE phIXJas WU HEMPOYHAs.
OxanuHa e, 0YeHb IIOTHBIM MaTepuai, MPOYHO CBSA3AHHBIA C CAMUM METAJJIOM.
[To aTOMY TIPHU3HAKY JIETKO OTIMYUTH PXKABUMHY OT TeMaTuTa (pucyHok4.7).

Pucynox 4.7.I1oBepxHocTH citoeB oKucioB (yBenudeHnue x600)
a — BYCTHUT, OTIIMYAIOIINNACS TIOPUCTHIM CIIOCHUEM;
0 — MarHeTUT C TUIOTHBIM KPUCTAIUTMYECKUM CTPOCHHUEM;
B — TE€MaTHUT

PacnuiaBjieHusl ¥ POIVIABJIEHUS METAJLIIA

PacninaBnenus u mnporuiaBieHus (0Opa3oBaHHE CKBO3HBIX OTBEPCTHIN)
METAJIJIOB U CILJIABOB HAa TMOXKapax, OCOOEHHO KPYIHBIX, BCTPEUAECTCS HE TaK YK
penko. MOXHO cuWTaTh, YTO ATO HaubOoOJee BBICOKAs CTENEHb TEPMUYECKHUX
MOPAKCHUN KOHCTPYKLUHN U OTAEIbHBIX ITPEIMETOB.

N3BecTHO, HanpuMep, YTO TEMIIEpATypa MIIABIEHUS COCTABIISIET:

- y amomunus- 600 °C

- Oponssl auroii- 880-1040 °C

- Menu - 1083 °C

- cTanu - 1300-1400 °C

Takum 00pa3om, eciu B 30HE A pacIIaBWICS aJIIOMUHHEBBIN MPOBOJ, TO
CIIEYET CIIENIaTh BEIBO, YTO TeMIieparypa Tam npessimiana 600 °C, a B 3oue b, re
OILJIABMJIMCH MEIHEIE IPOBOJIA, OHa OblIa, Kak MuHumyM, 1080-1090 °C.

Koneuno, pukcupoBath Ha MecTe Moxapa 30HbI, TJIe PACIJIABWICS TOT WJIU
WHOW MaTepuall, BeCbMa moJjie3Ho. Ho cuuTaTh 3TO CaMOCTOSITEILHBIM METOJIOM
YCTAHOBJICHHsI oyara Ioxkapa ObUIO Obl HEPA3yMHO; J1a U TeMIIepaTypHbIC 30HbI
YCTAHABJIMBAIOTCS TaKUM TIyTeM JOCTaTOYHO YcJIoBHO. Eciaum pacriaBuics
AIFOMHHHUM, TO 9TO HE 3HAYMT, YTO Temreparypa obuia 600 °C, oHa Moria ObITh

700- 900-1000 °C.
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Kpome Toro, Hy’HO UMETh B BHUJy, YTO "MPOIUIABICHUA" B METAJUIE MOTYT
BO3HMKHYTH M BOBCE MpPHU TEMIIEpaType, HUXKE TEMIEpaTypbl IJIaBICHUS.
B03MO0kHO 3T0, Kak MUHUMYM, T10 ABYM MPUYUHAM:

Jlokanvnolii Hazpee MOHKO20 cmanbH020 u3zoenus (JIMCTa, MPOBOJIOKU U
T.I.) NMPUBOJUT K 00pA308aHUI0 CN0SI OKAIUHBI, COU3MEPUMOIO MO TOJIIMHE C
camuM uznenueM. OkanuHa, He oOnagas JAOCTaTOYHOM  MEXaHUYECKOU
MPOYHOCTBHIO 3aT€M MOXKET BBIKPOIIUTHCA, M Ha W3JEIMM IIOCJIE ToXKapa
oOHapyxuTcs "npipka’.

Pacmeopenue memanna ¢ memainne

PacninaBnenHsiii B xome moXapa Oosee JIETKOIUIaBKUN MeTal TpHU
MOMAJaHuM Ha MeTam Oojiee TYrOMJIaBKUA MOXET NPHUBECTH Kak OBl K
"pacTBOpeHHIO" TOCIEAHErO B paciijyiaBe nepBoro meramia. [IpuyeM npoucxoaut
3TO MPHU TEMIEPATYPE, HUKE TEMIIEPATYyphI IUIABJIEHUS ""TYroImIaBKoro" Merasia.

Taxoil mpouecc BO3MOXKEH, HampuUMep, MpU MONaJaHUHM PaCIUIaBIEHHOTO
AIIOMMHMST Ha MeOb M ee craBbl. llpoumcxoautr 310 3a cyer oOpa3oBaHUS
HBTEKTUYECKOTO CIJIaBa MEAU C allOMUHUEM. M3BecTHO, UTO yuCTask MeIb UMEET
temneparypy tuiasierus 1083 °C. B To ke Bpems dBTEKTHUECKHE (COBMECTHO
IUIABSIINECS) CIUIABbI «MEMIb + PaCIUIaBICHHBIN amroMuHui — 660 °C, «Menp +
paciuiaBiieHHas JatyHe» - 870-980 °C

TouyHO Takke COCOOHOCTBIO PACTBOPSTHCS B PACIUIABICHHOM AJTIOMUHHUU
obnamaet crain[5].

4.6 - UHcTpyMeHTAJIbHbIE METObI U CPEICTBA, MPUMeHsieMble IS
HCCJICAOBAHMS MOCJIE MOKAPA METAIMYECCKHUX M31eJ Uil

Qukcayusa CMPYKMYpPHLIX UIMEHEHULl, CONPOBONHCOAIOWUX UIMEHEHUE
Qusuueckux u puzuko-xumuueckux ceoiicme.

OTH U3MEHEHHUs IPOUCXOIAT B JOBOJBHO HIMPOKOM MHTEpPBAJIE TEMIIEPATYP,
HO HE MOTYT ObITh 3a(MKCHUPOBAHbI BU3YyalbHO. /{1 MX BBISIBICHHUS CIEAYyET
II0JIb30BATbC MHCTPYMEHTAJIBHBIMA METOJAMH, C IOMOILBI0 COOTBETCTBYIOIIUX
npuOopoB. Mbl OCTAaHOBUMCSI Ha METOJIaX M METOJMKaX HCCIEAO0BaHUs Hanbosee
pPacCIpOCTPAHEHHBIX METAJUIOB - CTAJIBHBIX KOHCTPYKIIUN U IIPEAMETOB.

MarHuTHbIE HCC/IeI0BAHUA

XapakTepucTuKou, 60jee paBHOMEPHO MEHSIOMIEHCS B IIIUPOKOM MHTEpBAJIe
TEMIIEPATYP SIBISAETCS BEJIMYHMHA HANPSIKEHHOCTM MATHUTHOTO IIOJS WIM TOKa
pasmaranuuBanus (Ip [mA]). OHa cOOTBETCTBYET KOIPLUUTUBHOU CHUIIE U SIBIISIETCS
HanOoJIee CTPYKTYPOUYBCTBUTEILHON MarHUTHOM XapaKTEepUCTUKON MaTepurara.

KospuntrBHasg cuna — 3TO BEIWYMHA HANPSKEHHOCTM MArHUTHOTO MOJIA,
Ipy  KOTOPOW HAMArHMYEHHOCTh MaTepuana, HW3MEHSIOWAsAcs MO IeTie
TUCTEPE3NCA, paBHA HYJIIO.
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BenmnunHa KOSPUMTHBHOM CHIIBI (WJIM MPONOPLUUOHAIBHOIO €W  TOKa
pa3MarHUYMBaHUs)  TOPU  PEKPUCTALIM3ALUM  XOJIOJHOAEPOPMUPOBAHHBIX
CTAJIbHBIX W3JENIMN MOCIeA0BaTeIbHO YMeHbIaeTcs. [IpudueM mpoucxoauT 3TO B
JOCTATOYHO MIMPOKUX TEMIIEpaTypHBIX mpezaenax - or 200 mo 600+700 °C. Dro
00CTOSITENILCTBO JA€T BO3MOXKHOCTb, HCCIEysl PacCPeAOTOUYECHHBIE IO MECTYy
noXkapa XoJ0JHOAe(POPMUPOBAHHBIE U3JEIUS, BBIABISITH 30HBI TEPMUUYECKUX
TTOPAXKEHU M.

HccnenoBanne MOKHO MPOBOAUTH KakK B JIAOOPATOPHBIX, TaK U B TOJIEBBIX
YCIIOBHSIX, HEITOCPEICTBEHHO Ha MecTe noxapa. /[ onpeneneHus BEIMYUHBI TOKA
pa3MarHWYMBaHUs  LIMPOKOE  PACIPOCTPAHEHHE  MOJYYHJI  KOIPLUHUTHMETP
UMITYJIbCHBIN MuKportiporieccopablii KUM — 2M (pucynok4.8).Ilpunnmmn neiictBus
KOSPLMUTUMETPA COCTOUT B HAMAarHMYMBAaHUU KOHTPOJUPYEMOI'O ydacTKa JIE€TaIu
JI0 TEXHUYECKOT'O HACBIIICHHs HaKJIaJAHBIM MpeoOpa3oBaresieM, pa3MarHuUMBaHUs
€ro CTYIEHYAaTO-HApacTaloOUMM TMOojeM, (UKcalMu HANpsHKEHHOCTH — MOJIS
COOTBETCTBYIOIIETO KOAPLMUTUBHOM CHJIE MaTepHasia JIETalu 10 3HAYCHHUIO TOKa
pa3MarHMYMBAHMS U U3MEPEHUH aMIUIMTYbl CUTHANA 1aT4YuKa XO0JuIa.

Ha MecTe nokapa BCEraa HETPYJHO HAUTUOTHOTHUIIHBIE
X0JI0JHO1e(POPMUPOBAHHBIE METAJUIMYECKUE U3EIINS, PACCPEIOTOUCHHBIE IO 30HE
nokapa. 9T0 MOTYT OBITb OONTHI, TBO3/IM, IIYPYIIBL,
CTPOMUTENbHBIE CKOOBI, HEKOTOpbIE BUIBI TPYO
(M3rOoTOBJIEHHBIE METOJOM XOJIOAHOW Jehopmariim)
u np. uznenusa. Ocobasi MOArOTOBKA MOBEPXHOCTHU
U3JIeNUsl Tiepe] U3MEpEeHUEM He Tpedyercs - Halo
CUMCTUTh JIMIIb OCTAaTKM KpPAacKu M  Iy3bIpU
OKaJIMHBI.

JlaTuMKM  yCTaHABIMBAIOTCS Ha U3JEIHE,
npuOoOp aBTOMAaTHYECKHM B TEUEHHE HECKOJIBKUX
CEKyHJ| OCYILIECTBISET LMK «HaMarHWYWBaHUE —
pa3MarHWYMBaHUE» W OIPENEISIET KOIPLUTUBHYIO
cury[10]. IIpumep pacnpenenenus BEIMYUHBI TOKA
pa3MarHMYMBaHUsl OT CTENEHM HarpeBa 00pa3lioB
Pucynox 4.8. (rBo3meii ctpoutenbHbie J=4 MM, 1=100 wmMm)

KospunrumerpKM — 2M  TIpHBe/eH Ha pucyHke 4.9.
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Pucynok 4.9M3meHeHne BETUYHUHBI TOKA pa3MarHHYMBaHUs MPU HarpeBe 00BHEKTOB
MCCIICIOBAHUS B JUHAMHYECKOM PEKUME

Memannozcpagpuueckoe ucciedosanue meOHbvIX NPOBOOHUKOE, TAKKE, KAK
W CTalIbHBIX W3JIeJIUN, HAaUYMHAETCS C W3TOTOBJeHUS Mukpouuindos. Ilpu stom
MaJE€HbKOE TMOINEPEYHOE CEYECHHE IPOBOJHUKOB BBI3BIBAECT  ONPEICICHHBIC
TPYJAHOCTH Npu nutrdoBke. B HacTosIee Bpemst Ui 9TUX 11esIei 00pa3Ibl METHBIX
MIPOBOJIOB 3aJIMBAIOT TEPMOPEAKTUBHBIM COCTABOM HA OCHOBE 3MOKCUTHOM CMOJIBI.

[Tocne 3anMBKU MOTYYEHHBI MOHOJUT NITU(QYIOT U MOJTUPYIOT OOBIYHBIM
cnocobom. IIpoMexyTok BpeMeHH MeEXAy MPUTOTOBIECHUEM numMda U
MIPOBEICHUEM UCCJENIOBAaHUS JOJKEH OBITh MHUHUMAJIBHBIM, BO H30€KaHUE
OKHCIICHUSI OTHUIM(OBAHHON MOBEpXHOCTU. CTPYKTYypy MeIU IEeIeco00pa3Ho
uccienoBarh npu ypenmmaenun 100-200X.

[Ipu wucciaegoBaHWM MEIHBIX TPOBOJHMKOB 3HAUYUTEIPHOE BHHUMAaHUE
yAENAETCsS KOJIMYECTBY B HUX KHCJIOPOJIA, CBSI3aHHOTO B OKCHJ MEIU, KOTOPBIUA B
MEIHOM MPOBOJIOKE, HE IOJBEPTHYTOM BBICOKOTEMIEPATYPHOMY BO3AECHCTBUIO,
COJIEPIKUTCS B BUJIE MEJIKMX BKpAIJICHU cheprudeckoil popMbl.

ITpu HarpeBanuu a0 Temieparypsl miasienus mean (1083 °C) mpoucxoaut
nepepacrpezeneHie okcuaa Meau. OH BBITECHSIETCS HA TPaHUILY PaCTyILHUX 3€PEH,
00pasys TOHKYIO ceTKy (prcyHok4.10).

i .
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Pucynox 4.10 Pacnpenenenue Cu,0O B Meau npu HarpeBaHUU
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OmHUM U3 OCHOBHBIX MPU3HAKOB, IO KOTOPBIM MOXHO Iu(hepeHITMpoBaTh
IIK3 u BK3 sBnsercs coaepkaHue KHUCJIOpoJa B MecTe oruiaBiieHus. [lpu
temmeparype 500 °C pacTBOPHMOCTH KHCIOpOJAa B MEAHM HE3HAYUTEIbHA |
cocrassieT Beero 0,01%. C ysemuuennem temmeparypst g0 1100 °C kommyecTBO
KHCIIOpOJia B pacilaBIieHHON Meau MoxeT ObITh O60see 0,6%. Ecnu conepxkanue B
MEJTHOM MPOBOAHMKE Kucioposa npesbiimaet 0,01%, B ero cTpykType npoucxoauT
oOpa3oBaHKe MPOCIONKH dBTEKTUKH(pUCYHOK4S.11).

VYBenuueHue CcoAep)KaHusl KHUCIOpPOJa B COCTaBE MEJAHOrO IMPOBOJHUKA
xapakTepHo s ciaydas I[IK3 B OTKpBITO MNpPONOXKEHHON 3JIEKTPONPOBOIKE C
MEIHBIMU JKUJIAMU TP HOPMAJIBHOM COJIEpKaHUH B aTMOC(epe KHCIOpoa.

Hano 3amMeTuTh, 4TO KOJIMYECTBO OKCHAA MEAM MPU HArPEBAHUU BO MHOTOM
onpenensetrcs AMhPy3nOHHBIMU MTPOIIECCAMU MPOHUKHOBEHHS KUCJIOPOIa BIIIyOhb
MPOBOJHUKA, KOTOPHIE 3aBUCAT KaK OT €r0 UCXOJHOTO COCTOSIHMS, TaK OT YCJIOBUI
OKpyXarolei cpenbl (coiepkaHue B aTtMocdepe KUCIopoaa, TeMIlepaTypa,
BJIQYKHOCTb, JIaBJICHUE U T.I.). [103TOMYy KOJMYECTBO KHUCJIOPOJAa B MEIU MOMKET
KojebaTbes B mmpokux npenenax — ot 0,05 — 0,06% mo 0,6 — 1,0%.

Ecnun armocdepa HachllleHHa KHUCJIOPOJAOM, TO Ipolecc 00pa3oBaHMS
OKCHJIa MEIUAKTUBU3UPYETCS U COAEpKaHUE B MECTE OIUIABJICHUS KUCIOPOJa
MoxeT pocturath 1%. Ilpu cogepxkanuu B cmuiase 0,39% kucimopoja CTpyKTypa
MEJIHOTO MPOBOJAHUKA COCTOUT CIUIONIb M3 3BTEKTUKH. Eciu B pacIuiaBIeHHOU
Menu pactBopuioch cBbie 0,39% kucnopoaa, To HOMUMO 3BTEKTUKH B CTPYKTYpeE
HOSIBJISIFOTCS TIEPBUYHBIE KpUCTaibl okcuaa mean Cu,O (pucynok4.12).
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Pucynoxk 4.12 MukpocTpyKTypa METHOTO ITPOBOJTHUKA B MECTE OILJIABJICHUS TIPU
ITK3 (60maee 0,39% kuciopona)

ConepxaHne KHCIOpOAA B MECTE OIUIABJICHHUS MOXET OBITh 3HAYUTEIHLHO
menbiie  0,05%, ecaum Medp MOABEpriIach PACIUIABICHUI0O W OTXKUTY B
BOCCTAaHOBUTEJIBHOH aTMocdepe (B MPUCYTCTBUU Ta3000pa3HbIX MPOAYKTOB Ho,
CO, H,0O (map)), 9TO0 XapakTepHO /I Ta30BOM cpeianl, (HOpMHUpYIOMEHCS Ha
nokapax, To ectb B ciaydae BK3. Ilpu B3ammoneiicteun Cu,O ¢ BogopoaoMm u
OKCHJIOM yTJIepojia 00pa3yroTcs Mmaphl BOJIbI BEICOKOTO JaBiieHus. [Ipu ux BbIXoje
Hapy)Ky B MeJe O00pa3yroTCsi MHOTOYHCIICHHBIC Ta30BBIC PBITBHHBI W TIOPBI
(pucynok 4.13).
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Pucynok 4.13MukpocTpykTypa MEeIHOTO HpOBOjIHI:I‘Iéa npu BK3

Haubonee HMHTEHCUBHO BOCCTAHOBHUTEIBHBIM MPOLECC MPOUCXOAUT MpHU
collep’kaHuu B Ta3oBoM cpene 2-6% CO, xoTopblii oOpasyeTcsi B pe3yibTare
HEIOJIHOTO  CTrOpaHvs MPOAYKTOB TEPMHUUYECKOIO pa3JIOKEHUS BEIECTB U
MaTepUasoB MPH OrPaHUICHHOM I'a3000MEHE B 30HE TOPEHUS.

®opMHpOBaHUE  CTPYKTYpPhl MEIHOTO  MPOBOAHMKA, TOABEPTHYTOTO
OIJIaBJICHUIO B pe3yibrate K3, BO MHOrOM 3aBUCUT OT T€MNEPATYPHBIX YCIOBUM
KpUCTaJUIU3AI1H.

CrpykTypa J1000ro YMCTOro MeTajijia, KpUCTAUIU3YIOIIErocsl U3 pacIuiaBa,
3aBUCHUT, TMPEXIE BCEro, OT CKOpPOCTH oxJaxnaeHus. Huzkas Ttemmeparypa
OKpY>Karolero npocrpanctsa npu K3, Bo3HUKIIIEM 10 MoXxapa, 1 TeOMETPUUYECKUE
XapaKTEPUCTUKU  TMPOBOJHUKOB  OOYCIAaBIMBAIOT HEOJUHAKOBYIO  CKOPOCTb
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OXJIKICHHUSI  PACIUTABJICHHOW  MEOM 10  Pa3IMYHBIM  HaIMPaBICHUSIM.
OOpazyromuecss B paciuiaBe IEHTPHl KPHUCTAUTM3AIMA HAYMHAIOT WHTEHCUBHO
pacTd B HampaBiICHUM MaKCUMaJIbHOTO OTTOKAa TEIUla, a BBIACHAIONIAsACS B
Mpollecce KPUCTAJUIM3ALMU CKPBITAasl TEIJIOTa IUJIABJICHUS TPEMSTCTBYET POCTY
KpPUCTAJUIOB B JPYTrUX HarpaBieHUsX. B pesynbraTe o0pa3yeTcst 30Ha BBITIHYTHIX
KpHUCTAJUIOB, KOTOpBIE Ojarojapsi cBoeil (hopme MoJydusid Ha3BaHUE CTOIOYATHIX
JICHIPUTOB (pUCYHOK 4.14).

Pucynok 4.14 JlenaputHbie CTPYKTYpPHI B MecTe orutaBieHus npu [1K3
(60mee 0,39% xucnopona)

JleHpuTHAsT CTPYKTypa B YMCTOM Menu (coaepkaHue Kuciaopoaa He Oonee
0,06%) SBJISIETCS YCTOWYMBBIM g hepeHIUPYIOIMUM MPU3HAKOM,
xapakrepusyromuM [IK3. DOTOoT mnpusHak coxpaHAeTcs IpU  IMOCHEAYIOMIMX
BeicokoTemriepaTypubix  (800-1000°C) mMTENBHBIX OTXKMIax W Pa3IAYHBIX
pexuMax oxnaxaeHus. I[lpm giamrensbHoM HarpeBe cBeime 1000°C  mosker
MPOUCXOANTHh YaCTHUHOE BHIOM3MEHEHNE (POPMBI JCHIPUTOB.

Ecnu kopoTkoe 3aMbIkaHUE MPOUCXOIUT B YCIOBHSIX Pa3BUBILIETOCS MOXKapa,
TO HampaBi€HHE MPEUMYLIECTBEHHOIO OTBOJA Telja OTCYTCTBYeT, a
KPUCTAJUIM3alUsl U POCT 3apoibllIel B MeIu MPOUCXOIUT MPHUOIUUTENBHO C
OJIMHAKOBOI CKOpPOCTBbIO IO BCEM HampaBieHUsM. B pesyibTare o0pasyrorcs
paBHOOCHBIE 3epHa (pucyHok 4.15).

=1L M s

Ha pH BK3

AT 2

Pucynoxk 4.15 MpocyKTypa MEJHOTO IIPOBOJ
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Takum oOpa3zoM, aHaTU3HPYs MHKPOCTPYKTYPY OIUIABICHHOTO Yy4acTKa,
MOJKHO OIICHHTHh COCTaB Ta30BOH cpeapl, B KoTopod mpoucxomamino K3, u
OPUEHTHPOBOYHO OIPEIEIUTh TEMIIEpaTypy OKpYXKaIolmelH Cpeasl B MOMEHT
3aMBIKaHUS.

C nomoripio MeTauiorpaduuecKoro MHUKPOCKOIIA, CHaOKEHHBIM
doToanmapaToM, MOKHO KOJMUYECTBEHHO ONPEIEIUTh COACP)KaHHE KHCIOpO/aa B
MeCTe OIUIABJICHUS] MEAHBIX TPOBOJHUKOB (110 0,2% kuciopoaa). OcyuiecTBiasieTcs
OHO C TIOMOIIBI0 ATAJIOHOB MHKPOCTPYKTYPHl M TIPOBOAMWTCS Ha HETPABICHOM
MOJINPOBAHHOM TIITHM(E B PACCEIHHOM M TIOJSIPU30BAHHOM CBETE, B KOTOPOM
BruTroueHUS CU,O IMEIOT pyOMHOBYIO OKPACKY.

AJTIOMUHUEBbIE TPOBOIHUKH

HccnenoBanne MHUKPOCTPYKTYPHI ATIOMHUHHEBBIX TPOBOJHHUKOB B MECTE
OIUIaBIICHUS HAYMHACTCA TPAAUIIMOHHO - C W3TOTOBJICHHS MHUKpouutuda.
OcHOBHasE  1edb  MeTaiorpadUyecKoro  MCCIENOBAaHUS  aTIOMUHHEBBIX
MPOBOJTHUKOB ~ COCTOUT, Kak W B CJIy4a€ MEIHBIX I[POBOJIHUKOB, B
mubdepennnanuu nepBUUHbIX M BTOpuuyHbIX K3. CTpykTypa anrOMUHUEBBIX
NpoBOJHUKOB B ciaydae K3, mpesamecTByomero mnoxapy, XapaKTepusyercs
HAJIMYUEM 30HBI BBITAHYTHIX CTOJOYATHIX 3€pPEH B MECTE OIUIABJICHHS (PUCYHOK
4.16) 1 OTCYTCTBHEM T'a30BBIX PAKOBUH U TIOP.

T e T My == —

Pucynok 4.16 MukpocTpyKTypa alfoMHHHEBOTO MTpoBoAHMKa mpu [1K3
JI71s1 antoMHMHUEBOTO MPOBOJIHUKA B MecTe oruiaBieHus npu BK3 xapakrepna

pPaBHOOCHAs JTUTast CTPYKTypa. HacTo B MecTe OIUIaBJICHUS HAOIIOAAOTCS ra30BbIC
pPaKoBHHBI U TIOPHI (puc. 4.17).

64



J. \ =4 .- A- _'-':~ \\ "o . )»—_
I e R B

L N
5 ( g 5 50 ¢ (e,

Pucynox 4.17 MHKpOCprKTypa IIFOMUHKEBOT0 MpoBoiHKKa ipu BK3

Pemenne Bompoca O MOMEHTE BO3HHMKHOBeHHMs K3 10 MHKpPOCTPYKType
AIFOMUHHMEBBIX [TPOBOJIHUKOB OIPAHUUEHO TEMIIEPATYPOU MOCIEAYIOILETO HArPeEBa,
OHa He Jo/bkHa npesbimana 600 °C[4].

KonTpo/abHbBIE BONPOCHI:

1. Ha xakue rpynrsl AEnSTCS HEOPTaHUYECKUE CTPOUTEIIbHBIE MATEPHUAIIBI?

2. Ha3zoBuTe BU3yalbHbIC IPU3HAKNA TEPMUUYECKUX MOPAKEHUN OCTOHHBIX
KOHCTPYKIIHH.

3. BusyasnbHble npU3HAKU TEPMUYECKUX MOPAKEHUMN U31ETUI U3 TUIICOBBIX
MaTepUalIoB.

4. HazoBute Hanbosee pacpocTpaHEHHbIE METObI U CPEJICTBA,
IIPUMEHSIEMBIE I UCCIIEIOBAHUS UCKYCCTBEHHBIX KAMEHHBIX MaTEPUaIOB.

5. OnummMre NpUHLHKIIBI METAJUIOrpaUIECKUX UCCIIeT0BaHUN
IIPOBOJHUKOB.

6. HazoBuTe BU3yanbHbIC MPU3HAKKA TEPMUUYECKUX MTOPAKEHUIN
KOHCTPYKIIMHM U3 METAJUIOB U CILIABOB.

I'/TABA 5 XAPAKTEP IIOBEJEHUSI HA IIOKAPE BEHIECTB,
MATEPHUAJIOB, U3JEJIUA OPTAHUYECKOUM MPUPO/IbI

5.1 CocTaB OCHOBHBIX KOMIIOHCHTOB JIPeBECHHbI U MX NOBEACHUE IIPH
TePMUYECKOM BO31eHUCTBUH

JlpeBecuHa J000TO JepeBa COCTOMT M3 TECHO CPOCIIMXCSA KIIETOK,
YpEe3BBIYAIHO Pa3HOOOPA3HBIX TIO CBOEH BeMUYMHE U (DOPME U UMEIOIINX MOJIOCTh
U OJPEBECHEBIINE OOOJOUKH. ODJIEMEHTapHbIC KJIETKH OO0pa3yrT IpEBECHBIC
BOJIOKHA, KOTOPBIE PACcIoJIararoTCs TJIaBHBIM 00pa30M BJIOJIb CTBOJIA.

JlpeBecuHa cocTout u3 oprannydeckux BerecTB (98,9 — 99,7 %), G6onbinas
4acTh KOTOPBIX TMPEJCTABISET COOOH BBICOKOMOJICKYJISIPHBIE COCIUHEHMS, U
HEOOJIBIIOr0 KOJUYECTBA MUHEpaIbHbIX KoMIIOHEeHTOB (0,3 — 1,1 %), ocTaromuxcs
MIpU CTOpaHUU B BUJE 30Jibl. B cpegHeM aOCOMIOTHO cyxas ApEeBECHHA COJCPKUT
49,4 — 50,2 % yraepona, 6,1 — 6,9 % Bomopona, 43,6 — 45,2 % xucnopoja u
00b19HO 0,9 — 1,3 % a3ora.
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XUMHYECKUM COCTaB JPEBECHUHBI OYE€Hb CIOXKEH. KieToyHble CTEHKH,
oOpa3sylolue JAPEeBECHHY, COCTOST B OCHOBHOM M3 LEJUIIOJIO3bI, T€MHULIEIUITION03
(eHTOo3aHbl U TEKCO3aHbl) U JTUTHUHA.

[emmono3a (oT natuHckoro cioBa «cellulay - kineTka) uHOrIa Ha3bIBaeMast
KJIETYaTKOM, MMEET BOJOKHUCTOE CTPOCHHUE W  MpeACTaBisieT  coOoi
BBICOKOMOJIEKYJISIPHOE XMMHUYECKOE COCAMHEHUE C OOJIBIION M CIIONKHOM LIEMHON
MOJIEKYJION, HACUUTHIBAIOLIEH THICSAYU 3BEHbEB. Takas MOJIEKyJa UMEET JJIMHY 10
0,005 mm.

Hesir0103a — CTOMKOE XMMHYECKOE COEJUMHEHUE, HE pacTBOPSIOLIEECS B
CIHpTE, BOJE, FpUpe, alleTOHE U APYTrUX OOBIUHBIX pacTBOpUTENSIX. B abcomoTHO
cyxoi apeBecune conepxutrcs 40 — 50 % 1enono3sl.

['emuniemnonossl (0T rpedeckoro «hemy» - mMoy) HPEICTaBISIIOT COOOU
CJIOKHYIO CMECh MOJIUCaXapu0B (F€KCO3aHbl, IEHTO3aHbl U MOJIUYPOHUIBI). OHU
OTJIMYAKOTCS OT LEJUIFOJI03bl MEHBIIEH XUMUYECKOW CTOMKOCTBIO U JJIMHOW LIETH.
CopeprkaHre TeMUIISIUTION03 3aBUCUT OT MOPOJIbI IPEBECUHBI: Y XBOMHBIX 17 — 20
%, y muctBeHHbIx 30 — 35 %.

JIurauH (¢ maTuHCKOrO «lignumy - 1epeBo) — CIOKHASI CMECh OPTaHUYECKUX
BEIIECTB, cojiepKaliasi 0oJblliee KOJIMYECTBO yriepojia, ueM resutonosa (61 — 65
%), W Tmpuaaromas CTeHKaM KIETOK TBepaocTh. CojepkaHue JHWTHUHA B
npeBecuHe koseosercs ot 17 no 30 %.

B nonocTtsx kaeTok ApeBECUHBI COAEPKATCS TaKkKe TyOWIbHBIC U KpacsIue
BEIIIECTBA, CMOJIBI U KaMeld, (DUpHBIC Maciia U allKaJOU/IbI.

Ha ¢wusuueckue cBOWCTBa JPEBECHMHBI 3HAUUTEIBHOE BO3JICHUCTBHE
OKa3bIBaeT BJIAXHOCTh. Biara, copepskamasici B CTEHKaxX KJIETOK, Ha3bIBACTCS
TUTPOCKONMYECKOM. HacelllieHne BOAOW CTEHOK KJIETOK BO3MOXHO Kak IpHU
MOTPYKEHUU JPEBECUHBI B BOJY, TaK U U3 OKPYKAIOIIETO BIAXKHOTO BO3/1yXa, T.€.
TUTPOCKOMMYECKUM ITyTeM. Biara, conepskaimascs B MOJOCTSIX M MEXKIETOUHOM
MIPOCTPAHCTBE JIPEBECUHBI, Ha3bIBACTCS KA PHOM. Hacermmenne
MEKKJIETOUYHOI'O MTPOCTPAHCTBA U BHYTPEHHUX MOJIOCTEM KIIETOK BOJIOM BO3MOKHO
TOJIBKO TPH TIOTPY>KEHUH JIPEBECUHBI B BOTY.

VCTHHHAS MIOTHOCTb APEBECHHBI BCEX MOPOJ PaBHA IpuMepHO 1,54 r/cm’.
TennonpoBOIHOCTh CyXOW JpEeBECUHBI (COCHBI) Molepek BOJIOKOH paBHa 0,17,
B110s1b — 0,3 B1/(M C). TennonpoBoHOCTh MOBBIIIAETCS C YBEIHMUYCHUEM CpEIHEN
MJIOTHOCTH IPEBECUHBI U €€ BIAKHOCTH.

Utak, npeBecrHa sBISIETCS HEOJHOPOJHBIM MaTepHaioM, O00JIaaroluM K
TOMY € CBOWCTBOM aHM30Tponuu. M3-3a pas3inyHOrO CTPOCHUS, a TaKKe
OpUEHTAIIMHU KJIETOK TKaHEH, COCTaBJISIONIUX JAPEBECUHY, €€ CTPYKTypa U CBOMCTBA
W3MEHSAIOTCS HEOJWHAKOBO [0 pPa3HbIM HaIpaBJICHUSIM. IJTO CKa3bIBaeTCA Ha
OCOOCHHOCTSIX TIOBEJICHHS JIPEBECHUHBI MPU HAarpeBe W B YaCTHOCTH TIPU €€
TOPEHHUH.

Eme Oomee pasHooOpa3Ho BemyT ce0s TpU TOPEHUU Ppa3IUYHBIC
KOMITO3UIIMOHHBIE MaTepHaJIbl U3 JPEBECUHBI W TMPOJIYKTOB €€ IMepepaboTKH C
N00aBJICHUEM CBS3YIOIIMX, KOTOPHIE MOTYT OBITh TOJYYEHBI HECKOJIHKUMU
METOJIAMU:
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1) cknenBaHMEM U apMHUPOBAHUEM 0aJIOK;

2) npeccoBaHUEM JPEBECUHBI,

3) nmpeccoBaHuEM APOOJIECHBIX OTXOOB JIPEBECUHBI;

4) npeccoBaHUEM OTAEIbHBIX JTUCTOB.

B Hacrosiee BpeMs NPUMEHSIOTCSI caMble pa3JInyHbIe COYETAHUsS JIEpeBa C
Pa3HOOOpa3HBIMU CBSI3YIOIIMMH MaTepualaMu, THUIICOM, IIEMEHTOM, H3BECTHIO,
cmosiaMu. [[ns mosydeHHs JApEeBECHOBOJOKHHUCTBIX, JIPEBECHOCTPY)KEUHBIX MU
JPEBECHO-OMUJIOYHBIX IUIMT, OOJaJA0NIMX TEIUIOM30JISUUOHHON CHOCOOHOCTBIO,
Majoi  3BYKONPOBOJUMOCTBIO  HCIOJB3YIOTCS  OTXOJbl  JIECONWIBHOW U
nepeBooOpadaThIBAOICH MTPOMBIITUICHHOCTH.

JUIst M3rOTOBIIEHUS IPEBECHOBOJIOKHUCTBIX IUIUT, U3MEIBUYECHHBIE B BOJIOKHO
OTXOJIbI JIECO3arOTOBOK, LEJUTFOI03HO-0yMaXKHBIX MPEANPUATUN NEPEMEIINBAIOT C
INPONMUTOYHBIMA COCTAaBaMM, KOTOpPbIE NPHAAIOT OyAyHIEMY CTPOUTEIBHOMY
MaTepualy MOpO30- U OIHECTOMKOCTb, BOJOHEIPOHHUIIAEMOCTbH, IMOBBILIEHHYIO
MIPOYHOCTB, CO CBI3YIOILIEH AMYJIbCUEN U MPECCYIOT.

JInst cBA3BIBAHUS BOJOKHHCTOM MAacChl IIPU CYXOM METOJIE MPOM3BOJCTBA
IUTUT KCTONB3YIOT NapaduHOBYI0 M KaHU(DOIBHYIO SMYJIbCUU, TAJJIOBBIA KIIEH,
HETPOJIATYM ChIpOE CYIb(aTHOE MBLIO U MIPOYEE.

N30511MOHHBIE TUIMTHI UCTIONB3YIOTCS ISl TEIJI0- U 3BYKOHU3OJISILIUU.

[TonyTBepAbIe TUIUTHI UCIIOIB3YIOTCS KAK 3aMEHUTENIN MOKPOU IITYKaTypPKH,
JIJIs BHYTPEHHEW OOIIMBKYU MOTOJIKOB, CTEH, JIJISI YCTPOIMCTBA BCTPOCHHOM MeOeIH.

TBepable TUIMTHI BBITYCKAIOTCS KaK OKpAUICHHBIE, TaK U HEOKpALICHHBIE.
TBepable OOMUIIOBOYHBIE IUIMTHI TOKPBITBI TEKCTYpHOU Oymaroi, OebIMu
LBETHBIMU SMAJISIMU WM IUIEHKOW CMOJI.

JpeBECHOCTPYKEUHbIE  IJIUTHl ~ W3TOTOBIIAIOT ~ CIOCOOOM  TOPSIYEro
IIPECCOBAHMUS CTPYXEK, OMUIOK, OOpPE3KOB, MPONUTAHHBIX BOAHBIM (5+10 %)
pPacTBOPOM CUHTETUYECKUX CMOJI.

[ImuThl MOTYT TPHUMEHSATHCA Kak B HEOOIUIIOBAHHOM BHUJE, TaK H
OOJMIIOBAaHHBIC MITTOHOM, KJIEEHOW (QaHepor, MOJUCTUPOIBLHON IJICHKOW WIH
JIEKOPaTUBHBIMU TUIACTUHAMH.

Jlerkve MIMTHI WCIONB3YIOTCA JIsl TEIUIO- WM 3BYKOM3OJALMU. B HHX BO
BpEMs MMPECCOBAHUS MOTYT OBITh CHAEJIaHbI TPyOUaThie MPOJIOJIbHBIC MOJIOCTH WU
MyCTOThbl, KOTOPbIE HE TOJIKO YMEHBIIAIOT BEC IUIMUT, HO M YJIY4YIIAOT HX
TEIJIOU30JIALIMOHHBIE CBOMCTBA.

[TomyTsixkenble TUIMTHI NPUMEHSIOTCS ISl OOJIMIIOBKM CTE€H M TOTOJKOB,
W3rOTOBJICHUS ABEPHBIX IMOJIOTEH, MEPErOPOJIOK, MOJIOB, MIIMHTYCOB, KyXOHHON U
BCTPOEHHOU MeOemu.

daHepa  COCTOUT M3  HECKOJBKHUX  CKJIEEHHBIX  MEXIy  CcoOou
MPOTHUBOIIOJIOKHO HAMPABIEHHBIX TOHKUX CJIOEB JIPEBECUHBI (ILIIOHA).

Brimtyckaercs  HECKOJNIBKO BUIOB  (haHephl: KIeeHas, CIelualbHasid,
OoONMITOBaHHAs, TEIUIOBas, OTHECTOMKas, apMUpPOBaHHAs, METAJUTM3UPOBAHHAS,
ropupoBaHHas u ApyTHUE.
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Meramm3upoBadayo  (aHepy TMOIy4aloT WyTeM ONBUICHUS OOBIYHOU
(dbaHepbl TOPOIIKOBUAHBIM WJIM PACIUIABIIEHHBIM METAJIJIOM, KOTOPBIM 00pa3yer Ha
€€ MOBEPXHOCTH CIUIOIIHOE METAJUIMUECKOE MOKPBITHE.

OrnecTolikyto ¢aHepy Moiay4yaroT U3 MPONUTAHHOTO aHTUIIMPEHAMU IITNOHA
WM TPU MOKPBITHH 00BIUHOM (aHepsl acOoecTom. Takast haHepa caMOCTOATENBHO
HE TOPUT M HE TIEET Jlake€ MPU MECTHOM BO3JECHCTBUM HCTOYHUKA BBICOKOM
Temmepatypsi (800 — 1000 °C) u He pacpocTpaHseT MIAMEHH IO OBEPXHOCTH.

danepa HaNUIa MHUPOKOE NPUMEHEHHE B CaMBIX Pa3IMYHBIX OTPACIIAX
npoMbIIIIeHHOCTH. M3 Hee n3rotoBisatoT o 10 000 pasmmunsix u3gemmii[10].

5.2 Bu3dyaabHble NPHM3HAKM  TEPMHYECKHUX  MNOPAKEHHMH  HA
KOHCTPYKIHUSIX U3 IPeBeCUHbBI

['openue 11060ro KOHAEHCUPOBAHHOIO TOPIOYET0 MaTepHalia, B TOM YUCIIE U
JPEBECHUHBI, MOKET MPOTEKATh B BUJE IJIAMEHHOI'O TOPEHUs JINOO B BUJAE TJICHUS,
TO €CTh TIE€TEPOreHHOro ropeHus. [lns BO3HMKHOBEHHMs IUIAMEHHOTO T'OpPEHUS
TpeOyeTcss NpPEeaBAapUTEIbHOE XUMUYECKOE pa3JIOKEHUE M0/ BO3ACHCTBHEM
BHEIIHETO TEIUIOBOTO IOTOKA, B pe3yJbTaTeé KOTOPOro 00pasyrloTcs JeTydue
OpOAYKTHl (TOproYMe ras3bl, Maphl, MbUIEBUIHBIE YaCTHIIbI), KOTOpBIE, Cropasd,
oOpa3yroT minams. Ha onpeneneHHOM 3Tane pa3BUTUSI TOPEHUSI TBEPAOrO FOPIOYETO
MaTepurasa BHEIIHUN TEIUIOBOM MOTOK CTAHOBUTCS HeoOs3aTeNnbHBIM. BblneneHnue
NOCJIEAYIONIMX HNOPUUNA JIETYYHX TOPHOYMX MPOAYKTOB OCYIIECTBISETCA 3a CUET
TEIJIOBOTO BO3ACHCTBUS YK€ FOPAILEro Marepuania.

JlpeBecuHa HA4YMHAET TEPATh CBOM LBET M OOYIJIMBAaTHCA C BBIACICHHUEM
rOpPIOYMX JIETYYUX TPOAYKTOB IMpU Temrepatype o0braHo cBbire 200-250°C.
OpHako MpU JOCTATOYHO JMTEIBHOM HAarpeBe yKa3aHHbIE MNPOLECChl MOTYT
IPOUCXONTEL M MpU Temreparypax, HauuHas ot 120°C. Ilpu temmepatype 250 -
300°C maumnaercs OBICTpOE (PU3MUECKOE pa3pyIIECHHE APEBECUHBI. DTOT IPOLECC
HAQUMHAETCS Ha TIOBEPXHOCTH YIVIUCTOTO OCTaTKa C TIOSBJICEHHEM CIa0BbIX
TPEIIMHOK, MEPIEHIUKYIISIPHBIX HAIIPABJICHUIO BOJIOKOH, YTO IO3BOJIAET JIETYUYHUM
IPOAYKTaM JIETKO IPOCAYMBATBCS YEPE3 MOBPEXKICHHYIO MOBEPXHOCTh M3 CIIOS,
r7ie npousouuio odpazoBaHue ATHX MPOAYKTOB. [lo Mepe yBenndyeHHs yriiucToro
CJIOS TPEUIMHBbl PACIIUPSIOTCS, YTO NPUBOAUT K XapakTEPHOW KapTHHE
pacIIeIUIEHNs U PACTPECKUBAaHUS IOBEPXHOCTH.

[lo naHHBIM TEPMOIPaBUMETPUUECKOTO aHAJIU3a Pa3IMYHbIE COCTABIIAIOIINE
JPEBECUHBI PACMalalOTCsl C BBIJICJICHUEM JIETYUYMX KOMIIOHEHTOB IMPHU Pa3JIMYHBIX
TeMmeparypax: memmono3a npu 240-350 °C, remunemtonosa npu 200-260 °C,
maranH npu 280-500 °C. CootHollleHHE MEXIy JIETYYUMH MPOAYKTAMH MW
00pa3yromuMcs YIJIMCTBIM OCTaTKOM y XHMHUYECKHMX KOMIIOHEHTOB JIPEBECHHBI
TaK)K€ Pa3IUYHO. DTUM COOTHOLIEHUEM oOlpeenseTcss Oomplias WIM MEHbIlas
CKJIOHHOCTh MaTepualia K TJIeHut0. Tak, JIMTHUH HarpeTbii A0 temnepaTtypsl 400-
500°C wa 50 % mnpeobpa3syercst B JieTydne MPOAYKTHI U Ha 50 % B YIJIHCTHIN
ocratok. Ywucras nemmnono3a npu HarpeBanuu 10 300 °C maer jummb 5 %
YIIUCTOrO — OocTaTka. TakuMm  o0Opa3oM, HMMEHHO JIMTHUH B  OCHOBHOM
MpEeNoNpenensaeT CIOCOOHOCTh JPEBECHHBI K TETEPOTCHHOMY (TJICIOIIEeMY)
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ropernto. OOBIMHO TPH CXKHWTaHWUM WM HarpeBe apeBecuubl mpu 450 °C Ha
YIIUCTBHIN ocTaTtok npuxoautcs 15-25 % (B OCHOBHOM, 3a cyeT JurHuHa). [lpu
W3MEHEHHHM BBIXOJIa YIJIUCTOTO OCTaTKa W3MEHAETCS U COCTaB JIETy4HX
KOMIIOHEHTOB.

J1J1st TOBBILIIEHUSI OTHECTOMKOCTHU APEBECUHY 00Ma3bIBAIOT UJIM OKPAILIMBAIOT
OTHECTOMKMMH COCTaBAMU — AHTUIIMPEHAMU, MOBBIMIAIOIIMMUA €€ CKIOHHOCTh K
TiaeHuto. Takue aHTUNMHUpEHbl Kak Oypa, XJOPUCTHIM LMHK W Jpyrue, IpU
temmneparype 350 — 400°C miaBATCS, MOKPBIBAsE MOBEPXHOCTH JAPCBECHHBI
OTHE3ALIMTHOM IUIEHKOW, KOTOpas NMpeKpalaer JOCTYN K HER Kuciopoaa. pyrue
AHTUIIMPEHBl B 3THX YCJIOBUSX PA3JIararoTCs, BBIAENAS MHOTO HETOPIOYMX Ta30B
WJIM TIApOB, OTTECHSIOIIMX BO3AYX OT MOBEPXHOCTH JIPEBECUHBI U 3aTPyAHSIOMINAX
BOCIUIAMEHEHUE Ta3000pa3HbIX MPOAYKTOB €€ paszioxkeHusa. [IpeBecuHa,
IPONUTAHHASL BOJHBIMU PacTBOpaMH (POCHOPHOKUCIOTO aMMOHHMS, CEPHOKHUCIOTO
aMMOHHUS WIH UX CMECSAMHM IOJ BO3JIECHCTBUEM OTHSI pas3iaraercs MeIJIeHHO, 0e3
miaMeHd. OrHe3alluTHbIE KPACKU, M3TOTOBJICHHBIE HA MKUJIKOM CTEKIIE, MPHUIA0T
JIPEBECUHE BPEMEHHYIO OIHECTOMKOCTh. C NMOMOIIBIO yKa3aHHBIX OTHE3aIUTHBIX
MEPOIPUATHNA MOKHO ITOBBICUTH BBIXOJ| YIVINCTOI'O OCTaTKa B Lemioo3e 10 40 %.

JInsg  uenmed MOKAPHO-TEXHUYECKOM JKCIIEPTU3bl OYEHb BAXXKHO YMETh
YCTaHABJIMBATh OCYILIECTBISUIOCH JIK TOPEHUE B PEKUME TIICHUS WIA B PEKUME
IJIAMEHHOTO TopeHus. TemrepaTypa BOCIUIaMEHEHHUSI OOJBIIMHCTBA COPTOB
ApeBecUHBI HaxoauTcs B mpeaenax 240-260°C. TemmepaTypa ke, P KOTOPOW
MOTYT HA4aThbCsl MPOLECCHI, CIOCOOHBIE MPUBECTU K TICIOIIEMY TOPEHUIO IMPHU
JOCTATOYHOW JUIMTENBHOCTH TEIUIOBOIO BO3JEUCTBHS, KAK YK€ YKa3bIBaJlIOCh,
MoryT ObITh B mpefenax 120°C. OTcroga MOKET BBHITEKATh OYE€HDH Ba)KHBIN BBIBOJI
00 HCTOYHMKE 3aKUTaHUsS — €CIU MPOoLlecC TOPEHHs] HAYMHAJICA C TIEHUS, TO
WMCTOYHUK 32KUTAaHUS MOT UMETh MAJIYI0 MOIIHOCTb.

Bo3MOXHBI [Ba IyTH BO3HMKHOBEHMS TJCIOLIETO I'OPEHMS B JIPEBECHHE.
OauH W3 HUX — D3TO TIEHHE, CMEHSIoUlee IUIaMeHHoe ropeHue. [lpu
BOCIUITaMEHEHUU (PpOHT O0OyriIMBaHUS TOCTENEHHO TIEPEIBUTAETCS BIUIYOb
JPEBECUHBI, MPU OTOM BBIACISAIOTCA BCE HOBBIE MOPLUU TOPIOYMX JIETYUYHX
BEILIECTB, KOTOPBIE CrOPAIOT B BUJE IUIAMEHHU.

Korma npeBecuna oOyriuTcst Ha CYIIECTBEHHYIO TITyOWHY, YTIUCTBIN CIION
CTAaHOBUTCSl SKpaHUPYIOUIEH 3amuToi A 6osiee TiTyOOKHX CIIOEB, HAXOASIIUXCS
noja HUM. B pe3ynbpTaTe 3TOro nmpouecca s 00pa3oBaHUsl HOBBIX OPLUUNA JIETYUUX
MPOAYKTOB TpeOyeTcsi 60Jiee BHICOKUM TEIJIOBOM MOTOK. MOXKET CIOKUTHCS TaKas
CUTyalus, IPU KOTOPOW BBIIEJICHHUE JIETYYUX MPOAYKTOB PE3KO CHHKAETCS, U UX
HAYMHAET HE XBaTaTh U1 MNOAJIEPKAHUS IUIAMEHHOIO TOPEHUSA, KOTOpPOE
MEPEXOAUT B TETEPOrCHHOE TOPEHUE - TJIEHHUE. YTJIMCTBIM CIIOW MOMKET TJETh
BIUIOTh 1O IOJHOTO BBITOPAaHMS OPraHMYECKOW Maccel. B pesynbrare npeBecHas
KOHCTPYKITUSI JIUOO TOJMHOCTBHIO BBITOpaeT, OO B HEW oOpa3yeTcsi CKBO3HOU
rporap.

IIpr OTHOCHUTENBHO HHU3KOM TEIUIOBOM BO3JCUCTBUM Ha JIEPEBSIHHBIE
KOHCTPYKIIMM KOJWYECTBA BBIIEIAEMBIX JIETy4YUX MPOAYKTOB HM3HAYAIBHO
OKa3bIBACTCA HENOCTATOYHO JUISI JOCTMIKEHMS HM)KHETO KOHLIEHTPALIMOHHOTO
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mpezesia pacpocTpaHeHus miaMenn. [naMeHHoe ropeHrne MOKeT He BO3HUKHYTb.
PexxuM Tienust OyneT MOANEPKUBATHCA WM B TEUEHUE BCErO0 BPEMEHU TOPEHUS
BIUIOTh JO TOJHOTO BBITOpaHUS WM, NPU U3MEHEHHH BHEUIHEro TEeIJIOBOTO
BO3JICUCTBUSI W YCJIOBHM BO3yXOOOMEHAa, MOXET CMEHHUTHCS IJIAMEHHBIM
TOPEHUEM.

B pesynbrare TepMHYECKOTO pPa3NIOKEHHS] W TOPEHHUS JIPEBECHMHBI B
pa3IMYHBIX peXUMax (QOPMUPYIOTCS CJeAbl IMOTEMHEHUS JPEBECUHBI, €€
oOyTIIMBaHMsI HA Pa3HYIO TIIYOMHY, CKBO3HBIC MPOTAPhI HA OTAEIHHBIX ydacTKax
JEPEBIHHON KOHCTPYKIIMH WJIM TIOJHOE BBITOpPAHHWE JO OOpa3oBaHUS 30JHHOTO
oCTaTKa.

[To BHemHEMY BHIy VI MOXKHO J€JaTh BBIBOJ O PEXHME TOPCHHUS
npesecunbl. [Ipu TheromieM ropeHuu oOpasyeTcsi IUIOTHBIA YepHBIA (MHOTAA C
OypoBaTbIM OTTEHKOM) yTOJIb C MEIKMMH TpEeIuHaMH. YacTo Mmpu 3TOM Ha yriie
MO>KHO Pa3JIMYUTh TEKCTYPY UCXOJAHOU JIPEBECUHBI, B YACTHOCTH T'OJ0BBIEC KOJIbIIA.
Takoit BujA yriasi TIEHUS JIETKO OOBSCHAETCS MAajoll CKOPOCTBbIO 00pa3oBaHUs
JETYy4YuX TMPOAYKTOB, KOTOpPbIE TOHEMHOTY BBIJICIAIOTCS C IOBEPXHOCTHU
JIPEBECUHBI, HE PA3pBIXJIss €e.

B cBoro ouepens npu miaMeHHOM TOPEHHUH, KOTJa CKOPOCTh 0Opa3oBaHUs
JETYyYuX TMPOAYKTOB BEJIMKA, OHU HWHTECHCUBHO BBIJEISAIOTCA C IOBEPXHOCTH.
OO6pazyeTcst peIXJIbIi YTOb YEPHOTO 1[BETA C KPYMHBIMU TPEIIMHAMMU.

['myObuHa oOyrIvMBaHWS IPEBECHHBI — OJWH W3 BAXHEHIINX KPUTEPHUCB
CTCTICHU €€ TEPMUYECKOTO TIOPAaXEHUS B pPa3IUYHBIX 30Hax moxkapa. C ero
MIOMOIIIBIO  OICHWBACTCS  HAMPABICHHOCTh W  HMHTCHCHUBHOCTH  TEIUIOBOTO
BO3JICHCTBHS.

[Ipu ommcanwM TEPMUYECKUX TOPAKECHUNW IPEBECHUHBI B 3aKITIOYCHHUU
CHEeIUaINCTa MeCTa To)Kapa HEAOMYCTUMO JIMIIh KOHCTAaTUPOBATh HAJTUYHE
oOyIrIMBaHUs B T€X WM WHBIX 30HAX. JTa WHGOpMAIUsS T0JDKHA 00s3aTeIbHO
COTMPOBOXKIAThCS 3aMepaMu TITyOUHbBI O0OYTIIUBAHUS .

W3meputs 1iyOMHY  OOYIJIMBaHHST MOXHO  METOJOM  TIEHETPAIMH
(MpOTBIKaHUS) C TTOMOIIBIO JIFOOOTO TOHKOTO OCTPOTO METALUTMYECKOTO MpeaMeTa
(mmta, TBO3JSM, METAIMYECKOW nuHelku). Jlydine Bcero mis 3TOM  Ieiu
HCITIOJIb30BATh KOJIYMOYC, TO €CTh IITAHTCHIIMPKYJIh C BBIJIBUYKHBIM XBOCTOBHUKOM.
[IpoTbiKaTh yroib ClHEAyeT OCTOPOKHO, HE Jenasl CIUIIKOM OOJBIIMX YCHUIIUH,
YTOOBI HE BOWTH B HEBBITOPEBIINE CJIOW APEBECHHBI. Pazymeercs, mpu 3TOM B
WU3MEPCHUSI BHOCHTCS HM3BECTHAs JOJNS CYOBEKTHBH3MA, MOATOMY JCNIAaTh TAaKUE
3aMepbl B Pa3HBIX TOYKaX Ha KOHKPETHOM MECTE ToKapa JOJKCH OJIMH YEIIOBEK.
HawnGosbe CI0’)KHOCTH BO3HHKAIOT MPU M3MEPCHUH TIIYOWHBI OOYTJIMBAaHUS B
YCIIOBHUSIX HU3KUX TEMIIepaTyp, KOTJa YroJib CMEp3aeTcs BMECTE€ C TPOIUTON
BOJIOM.

['mybuna oOyriMBaHUS BKIIOYAET B c€0S MTOMHUMO COOCTBEHHO TOJIIUHBI
cnos yris (h), wu3MepseMOil NPOTHIKAHWEM, BEIMYMHY IIOTEPU CEUCHUS
nepeBsiHHOM KOHCTpYKIMH (hp) 1 paccuuteiBaercst o popmyie 5.1.

H=h,+h, (5.1)
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IToteps ceuenust o6pa3yercsi B pe3yibTaTe OOPYIIECHUS PHIXJIBIX HEIPOUHBIX
CIIOEB YIJI NPU MEXAHWYECKOM WM TUIPABIWYECKOM Bo3xaeWcTBuu. s ee
OIpe/eNIeHUs] HEOOXOIMMO M3MEPUTh TOJIIIMHY JEPEBSIHHOIO AJIEMEHTa B MECTE,
HE IMOJBEPrHYTOM OOYIJIMBAaHUID U BBIYECTb M3 O3TOTO 3HAYEHUS TOJIIUHY
COXpaHUBIIICHCS YacTH B Touke 3amepa(pucyHok 5.1). B ciyyae ecnu nepeBsiHHAs
KOHCTPYKLHUsI OOyrjieHa MO BCEW JUIMHE, CIENyeT IOUCKaTh Ha MECTe IMoxapa
AHAJIOTUYHYI0 KOHCTPYKLMIO (TapKETHUHY, OAJIKy MEpPEeKpbITHS, Jary mojia u T.1.),
HE NOBPEKIECHHYIO MTOXKAPOM.

h h

P ¥

.- e 1 C ' |'__'--._|- .‘_:.' _--.__' -E:

Pucynok 5.1 CxeMa n3mepenust riayOruHbI OOyTrIMBaHUS

Benuuunel riiyOuH 0OyriauBaHUsl MOXKHO M HY’KHO MCIOJIb30BaTh JIMIIb KaK
CpPaBHUTEJIbHBIE MOKA3aTeIN CTENEHU TEPMHUUYECKOrO MOpPAXKEHUs JIPEBECHUHBI B
pa3NUYHbIX 30HAX Mokapa. YacTo CHerUalucThl TOMyCKalT OMUOKY, MbITAsACh HA
OCHOBAHMHM 3THX JIAHHBIX OLIEHUBATh JJIUTEIIBHOCT TOPEHUSI.

JIOXHBIM OCHOBAHUEM IS TAKOM OLIEHKH CITY>KUT TOT (DAaKT, YTO B YCIOBUSAX
CHELUATIbHBIX HCIBITAHUN - MPU CKUTAHWU JIPEBECHHBI B OTHEBBIX II€Yax IIO
CTaHJIAPTHOMY TEMIIEpATypHOMY pPEXHUMY - CKOPOCTh €€ OOyIJMBaHusl BIIyOb
cocrasisier 0,6+0,8 mm/MuH. [Ipy 3TOM HE YYHTBHIBAIOT, UTO pPEaIbHBIM MOXap —
3TO HE CIELMAIBHBIEC UCIIBITaHUS. | OprOYECTh APEBECUHBI HA MOXKApE 3aBUCHUT OT
MHO’K€CTBa (paKTOPOB: MOIIHOCTH TEIIOBOI'O MOTOKA, YCIOBUNA BO3yX000MEHA U
CBA3aHHBIM C HHUMH TEIUIOOTBOJOM, 30HHPOBAHUEM TEMIIEPATYphl MO BBICOTE
noMemieHus: U T.4. PyKOBOJCTBYSICb CKOpPOCTBHIO BbIrOpaHusi apeBecunbl 0,8
MM/MHH, @ WHOTJIa M OKPYIJsisi ee Juisl MpPOCTOThl A0 1 MM/MHH, HEKOTOpHIE
CHEIUATNCTBl ONPENESAIOT AJIUTEIBHOCTh TOPEHHS] YHUCICHHO PaBHOM TIIyOHHE
oOyrnuBanus. [lpu oOyrnuBaHuM nocku Ha riayOuHy 20 MM, JAenaroT BBIBOJA O
BPEMEHHU €€ TopeHus B TeueHue 20 MuH.

3aBUCUMOCTh CKOpOoCcTH oOyrauBanus (R,) OT TEMIOBOTO MOKa BBIPAKAETCS
dbopmyroit 5.2:

Rw=2,2-10%" 1 Mv/Mus., (5.2)
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rae | - TennoBoi MOTOK, BO3AEHCTBYIOLIMN HAa MOBEPXHOCTh JIPEBECHHBI,
kBT/M.

IIpu Ttemneparype 1100°C , xoTopas IOCTHIaeTCs B OTAEIBHBIX 30HAX
TOMEIICHHS Ha [I0KApe, H3IIyUeHHe YepHoro Tea cocrasisier 200 kBr/m%. B sTom
cllydae CKopocTh o0yriauBaHus Ry coctaBuT 4,4 MM/MUH.

A o0mmii nuana3on koynedanuit Ry, Ha Moxape B 3aBUCUMOCTH OT TEILJIOBOTO
MOTOKa WJIM COOTBETCTBYIOIIEH TeMIeparypbl MUPOJM3a MOXKET COCTABUTH:
0,3+4,5 MM/MHH, T.€. pa3IHIaTHCA.

OdeHb BaXXHBIM NPU3HAKOM OSKCTPEMAJIBHO BBICOKMX TEPMHUYECKHUX
NOPAKEHUW JIEPEBSIHHBIX KOHCTPYKLUHUW SBJISIOTCS CKBO3HBIE IMPOrapbl WIM HX
KpalilHee MpOsBIIEHWE - TNOJIHOE BbIropaHue. OcoOblii HHTEpPEC MpU 3TOM
NPEACTABIAIOT €IMHUYHBIE WJIM MAJIOYHUCIEHHBbIE Mporapbl B moiy. Ilockombky
NOJIbl Ha MECTE MOoXKapa HMEIOT, KaK MPaBWIO, HAUOOJBIIYIO COXPaHHOCTD,
Iporapsl 1oja BCerja CBsA3aHbl C KAKUMU-THO00 OCOOCHHOCTSIMU Pa3BUTHS MOXkKapa,
KOTOpPBIE HAJAO HEINPEMEHHO BBIICHUTH. JIOKaJIBbHBIE TIporapsl € YETKO
OUYEPUYCHHBIMU TPAHUIIAMU OOpa3yIOTCsl MPU IUTEILHOM HU3KOTEMIIEPaTypHOM
nuponuse (TieHun). CBO0 OCOOEHHOCTh MMEIOT MpOTraphl, 0Opa3yroLIuecs IMpH
TOPEHUU TOPIOYUX KUIKOCTEN.

Mecra HaxoXJACHHS TMPOTAPOB WM TIOJHOTO BBITOPAHUS JE€PEBSIHHBIX
KOHCTPYKIIMH BcerJa CIEIyeT CBS3bIBATh C  JIOKAJBHBIM  TEPMHUYECKUM
Bo3nelicTBueM. M eciu B 3TOW 30HE HE BBIABISETCA (DAKTOPOB, (HOPMUPYIOLIUX
BTOPHYHBIE OYard rOPEHHs], TO OHA JTOJKHA BOCIIPUHUMATHCS, KaK ovar rmoxapa.

[ToMUMO OMMCaHHBIX BHEIIHUX MPU3HAKOB TEPMUUYECKOTO MPeoOpa30BAHUS
JIEPEBSHHBIX KOHCTPYKIUH, (PUKCUPYEMBIX BHU3YyalbHO, UMEETCS ILENbId Pl
(U3UKO-XMMHUYECKUX CBOMCTB JIPEBECHUHBI, KOTOPbIE MEHSIOTCS MpPHU TEIJIOBOM
BO3JICUCTBUM, W OMNPEIAEICHUE KOTOPBIX BO3MOXHO JHIIb C IOMOILBIO
WHCTPYMEHTAJILHBIX METOJIOB HCCIICIOBAHUSI.

Ilo mepe BbITOpaHUS MEHSETCS DSJEMEHTHBIM COCTaB JPEBECUHBI, B
YaCTHOCTH CHUYKAETCS OTHOCHUTEIBHOE COJEPKAHUE BOJIOPOA, KUCIOPOa, a30Ta U
YBEIMYHMBAECTCS OTHOCUTEIBHOE COAEPKAHUE YIJIEPOAa, TO €CTh HPOUCXOIUT
KapOOHU3allMs JIPEeBECHHBbl BIUIOTH 10 0Opa3oBaHUs MOYTH YHMCTOTO YIJIepoja.
OueHuBaTh COOTHOUIEHUS PAa3JIMYHBIX XMMHYECKUX 3JIEMEHTOB B JPEBECUHE W,
CIIEIOBATENIbHO, CTENEeHb TEPMHUECKUX MpeoOpa3oBaHUM MOXXHO METOAaMHU
syieMeHTHOro anaiau3a[10].

5.3 HHcTpyMeHTAJIbHBbIE METOAbI M CpPeACTBA, MPUMEHsieMble J1JI
HCCJIeIOBAHMS MOCJIE MOKAPA KOHCTPYKIMMA U3 IPeBeCHHBbI

Taxke 1O Mepe BBITOPAHMS CHUIKAETCS CIIOCOOHOCTh JIPEBECHUHBI
00pa3oBBIBATh JIETYYHE MPOAYKTHI, COCTOSIIME W3 MPOAYKTOB IOJHOTO WM
HEIOJIHOTO CTOPaHUsl OPTaHUYECKUX KOMIOHEHTOB JPEBECUHBI. DTy CIIOCOOHOCTH
OLICHUBAIOT IO TAK HA3BIBAEMOMY OCTATOYHOMY COJEPKAHUIO JIETYYMX BELIECTB
WM, YTO TO K€ caMoe, M0 BEJIMYMHE MOTEPHU MacChl 00pasiia Mpu MPOKATHNBAHUH,
OTIpEJIEISIEMBIM METOJIJaMU TEPMUYECKOTO aHAIN3a. DTH METOIbI BKIIOUYAIOT B CEOS
KaK MPOCTEHIINII BECOBOM (TUreNbHbIN) TEPMUUYECKUN aHAW3, TAK U Pa3IMYHbIC
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BapuaHThl nuddepennranbaoro tepmudeckoro ananmmsa (JITA). Ecnu TurenbHbrit
METO/, KAaK M DJEMEHTHbIM aHalu3, MOTYT UCIOJb30BAaThCA JMIIb IS
CPAaBHUTEJIBHOW OIICHKM CTENEHU TEPMUYECKOTO TOPAXKEHUS  Pa3IUUHBIX
oOpasioB, To JITA mo3BossieT pemars 1 psij 0oJiee CIOKHBIX 3a7a4. B yacTHOCTH
N0 BEJIIMYMHE TIUIOMIAAU DHK30TepMUYecKoro mnuka Ha kpuBoit [TA MmoxHO
KOJMYECTBEHHO OIICHUBATh CTENEHb TEPMHUYECKUX MOPAKEHUN, CBA3AHHBIX C
BbITOpaHuem yrias. Meron JITA maeT BO3MOXHOCTh YCTaHaBIIMBAaTh T'PYMNIOBYIO
MPUHA/JICKHOCTh HEM3BECTHOIO MaTepuaa, JIeJlaTh BHIBOJ O €r0 MOTEHIIUATbHON
MOKapOOIAaCHOCTH U CIIOCOOHOCTU K TOPEHUIO, OIIEHUBATh Kau4€CTBO OTHE3AIIUTHI
AHTUIIHUPUPOBAHHOU JIPEBECUHBI.

OnHa ¥ Ta xe CTENEeHb TEPMHUYECKOTO MOPAXKEHUS JPEBECUHBI MOKET OBbITh
CJICICTBUEM JJIUTEIILHOTO TOPEHUSI MPU OTHOCUTEIBHO HU3KHUX TEMIIepaTypax WiH
KPaTKOBPEMEHHOT'O TOPEHHUSI TIPU BBICOKUX TEMIIepaTypax. Y CTaHOBUTH Pa3/IeIbHO
JUIUTEIBHOCTh M TEMIIEPATYpy TOPEHHSI — JIOBOJIBHO CIIOXHas 3a/ada, KOTopas,
OJIHAKO, MOKET OBITh YCIICIIHO pEIIeHa MpH IOMOIIM METO/Ja HU3MEpPEHUS
AJIEKTPOCONPOTUBIIEHNS OOYTJIEHHBIX OCTATKOB JIPEBECHBIX MaTepuaynoB. Merton
OCHOBAaH HAa COBMECTHOM OIPENENICHUU TJIyOMHBI OOYTIJIMBAaHUSA JPEBECHUHBI U
YAEIBHOTO 3JEKTPOCOMPOTUBIICHUS YT, OTOOPAHHOTO B TOUKE 3amMepa.

C yBenuyeHuEeM CTENeHU KapOOHU3AIMK CBS3aHO M3MEHEHHE Ba)XKHOTO IS
BBIIBJICHUSI Oyara I0Kapa CBOMCTBa JPEBECHHBI — BJIEKTPOCONPOTHUBICHUS
oOpa3yronierocsi Mpu TOPEHUU YIS, KOTOPOE CHIXKAETCA B OYEHb OOJBIIUX
npejenax no Mepe ee Beiropanus. HensmeHneHHast [peBecrHa MpeAcTaBisieT coOon
JIURJIEKTPUK, TO €CTh €€ JJIEKTPOCONPOTUBJICHHUE PaBHO OECKOHEUHOCTH.
DJIEKTPOCONPOTUBIICHUE OOYTJIEHHOW JPEBECUHbl 3aBUCUT OT TeMIepaTyphl
nuposn3a. JlpeBecHbI yroib, OOpa3yIOIIMIICS TpPU CPABHUTEIBHO BBICOKHUX
TeMmreparypax  IUIJAMEHHOTO  TOPEHHsI  UMEeT  BEJIMYMHY  YJEIbHOIO
AJEKTPOCONPOTUBICHUST B auanazo”He 1+10 Owmccm.,, a yroab TJICHUS,
00pa30BaBIIUICS MIPU CPABHUTEIILHO HU3KUX TEMIIEPATypax - BEIIMYUHBI MOPSIIKA
1-10° -1-10° Om-cm.

Texnuueckue TpeOOBaHUS METOMUKH  pPEaTU30BaHbl B  KOMILJIEKTE
obopynoBanuss AKO1-01-DI1(pucyHok 5.2), KOTOPBIH COCTOMT Ha BOOPYIKCHHH
CHEIUAINCTOB HCCIIEOBATEIbCKUX HCIBITaTEIbHBIX JabopaTtopuii PecryOnuku
Kazaxcran. [lns pabGoThl Ha MecTe TMOKapa HCIHOJIb3YETCSIAAHHBIA KOMIUJIEKT
o0opy10BaHUS.

73



EmMiocTe 0014 pacTEOpHTENA — 1 111
I TaHr eHIHPKYIE -TIYOHHOME TP — 1 1T,
Cramnems — | T,
Epiu gna npecc-dopuer — 1 1t
Kucte dneiiepas — 1 wr;
CoegMHHUTENEHELT NMPOBOR — | T
Mectmx— 1 mwr,;
Crym¢a — 1 it
[Mpecc rugpaemuy eckud, opecc-gpopma — 1; 2 T
[MTaxeTe! ¢ saxumoM — 50 T
MymeTumMeTp — | T,

- TurpockommMeckas gata— 50T,

Pucynok 5.2 Kommnekt o6opynoBanust AKO1-01-311

Tax »snexkTpoconpoTHBIEHHE OOYIJIEHHBIX OCTaTKOB C YBEJIWYEHHEM
TEMIIepaTypbl U JUIUTEILHOCTH TOPEHUSI CHUKAETCS Ha MOPSAKUA M ONUCHIBAETCS
AMIIMPUYECKUM YPABHEHUEM CIIEIYIOUIEr0 KOHEYHOTO BUAA:

_ 5.3
inl| 2= || =426 -6270/T ©9
P-z,
rne P -  BeomumHa  gecatMyHOro  jorapudma  yAENIBHOTO

anektpoconportusienus (IgR).

CuuTaercs, 4To €CiIM TOYKA WU3MEPEHHS TIyOWMHBI OOYTJIMBAHHUS U MECTO
orbopa mpoObl yris coBmamarT, To ypaBHeHus (5.2,5.3), omuceiBaromiue Ba
nporecca MPOTEKAIONINX B OJTHUX U TEX )K€ YCIOBUAX (0OyTIMBaHHE W U3MEHEHUE
DJIEKTPOCOITPOTUBIICHHS ), MOKHO OOBECTUHUTH B CHCTEMY:

in | 227 || =216 - 6270/T;
P-z,
(5.4)
In H =2,01-1730/T
Tn
Pemenne cucteMbl ypaBHeHWil (5.4) maeT BO3MOXHOCTH
ONPENENIUTh JBAa HWMEIOIIUXCS B HEH HEW3BECTHBIX — TEMIEpaTypy H

MPOAOJKUTEIBHOCTD TEINIOBOTO BO3ACHUCTBUS HA APEBECUHY.

JInst pacyeTa OpUEHTUPOBOYHBIX 3HAYEHHUM CPETHEBPEMEHHOW TEMIIEPATYPHI
M JUINTEJIBHOCTH  HAarpeBa  COMVIaCHO  METOAMKUIIONYYAeEM  CIEAYIOIINE
MaTeMatudeckue Beipakenuit (5.5, 5.6):

~ 4540

K. (5.5) _ {In{llg ;H ’ 2’15}

74



P

r, =exp41,38In H +0,38 In[ }—1,19
10 ,Mua  (5.6)

Oomee Bpemst muposu3a coctapisiet(5.7):

Toous =T 4 +7

°(5.7)

rae “° WHIYKIMOHHBIA IMEPHOJ TEPMUICCKON ACCTPYKITHH.
[TpoaOKUTETLHOCTh HMHIYKIIMOHHOTO TIEPHOJAa PACCUHMTHIBAIOT IOCIIE
OTIpEJICIICHUS TEMITepaTyphl 1o SMIuprdeckoit popmyie(5.8):

7,=77-0086-T . (5g)

T

IIpu Ttemmnepatypax Bblmie 895 K BpeMs HMHIYKUMOHHOIO IE€pUoja o

CUHMTAETCSI PABHBIM HYIIIO.

B ciydae, ecnu B Touke 0TO0pa mpoObl PparMeHT AEPEBIHHON KOHCTPYKIIMH
yraedUuIupoBaH MOJHOCTBIO MM MUMEETCS] CKBO3HOM Mporap KOHCTPYKIUH, TO B
METOJMKE YUUTHIBAETCSl BpeMs, HEOOXOIUMOE JJIsi BHITOPAHMS B PEXKHUME TIICHUS
obpazoBasiierocs yrisi(5.9):

r,=H, -exp(690-T ™), (5.9)

H
rae. Y — TOJIIIMHA BBIT OpCBUICTO CJI0sA YIJIA,

T
Y — IIUTEIBLHOCTh T€TEPOTCHHOTO TOPEHUSI YTJIs, MUH.
Bpemst 0611ero TemiaoBoro Bo3JaeHCTBUS B 30HE 0TOOpa MPpOOBI HAXOAT IO
dopmyne(5.10):

To6u4:z-ﬂ +7T,+7T

Y (5.10)

CrnenyeT OTMETUTh, 4YTO TMOJYyYEHHBIE B METOJUKE HMIIUPUUYECKHUE
YpaBHEHUSI HE SIBJISIIOTCS CTPOTMMHU, YTO MPUBOAUT K HE BCEraa OJHO3HAYHOU
WHTEPIIPETALUY MTOJTYYEHHBIX PE3YyJIbTaTOB.

AHaNOTUYHO JpeBECHHE, KUHETUKA OOYTIUBAaHUS JIPEBECHO-CTPYKEUHBIX
T (JCI) u (u3uko-xuMu4Yeckue CBOMCTBA HX OOYIJICHHBIX OCTAaTKOB,
00pa3yIoMXCcs B YCJIOBUSIX, MPUOIMKEHHBIX K TTOXKAPY, OMPEACISIOTCS TIaBHBIM
oOpa3zoM, JIByMs (akTopamH: TEMIIepaTypoldl U JIJIUTEIBHOCTHIO TEIJIOBOTO
Bo3jaeicTBus. OqHako B oTiamuue oT apeBecuHbl, B JICII He HaOmomaeTcs 4€TKO
BBIDQKEHHOTO Pa3jiMyusg [0 MEXAaHWYECKOW TMPOYHOCTH MEXAY YIJIeM U
HEJICCTPYKTUPOBAHHON 4YacThlO, TOATOMY 3aMEpUTh TIyOWHY OOYIJIMBaHUS
JIOBOJILHO  cJokHO. [lapameTpoM, OOBEKTMBHO  OTPaKAOUIUM  CTENEHb
TEPMUUYECKOTO TTOPAKEHUS JaHHOTO MaTepuala sBJISeTCS YObUIb CEUCHUS B TOUKE
oroopa mpoOwl. JICIl kak mJIOCKOTO MNpPECCOBaHUS, TaK M SKCTPY3UOHHBIE,
MPAaKTUYECKU HE BCIIYYHMBAIOTCS TPU TOPEHUH W 00pa3yloT IUIOTHYIO Maccy.
YObulh CEUeHHMS 3a CYET BBITOpaHUS MPOUCXOIUT YK€ C TEPBBIX MHHYT U
MOCJIEA0OBATEILHO BO3PACTaeT C YBEIUYCHHEM TeMIepaTypbl W JJIUTEIbHOCTH
Harpesa.

3aBUCHUMOCTb yJEIBHOTO 3JEKTPOCONPOTUBIICHUSI OT TEMIEpaTypbl U
JUTUTEIbBHOCTH TOPEHMsI ISl TaKUX MaTeprayioB (OPMAIbHO MOXKET OBITh
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BBIpAKEHA KUHETUYECKUM YpPAaBHEHUEM [JIi XHUMHUYECKUX PpEaKIuid BTOPOTO
nopsiika. COBMECTHOE €ro pelieHHe B CUCTEME C KHUHETHYECKUM YpaBHEHHEM
MOTEPU CEUYECHMSI KOHCTPYKIUMU JIa€T BO3MOXKHOCTh PacCYUTATh OPUEHTUPOBOUYHYIO
temriepatypy u giautenbHocTh roperus ICII B Touke oTOopa mnpold oO0yrieHHBIX
OCTaTKOB.

Ot6op mnpoO yriel nanusi HCCIEAOBaHUS OCYIIECTBISIOT aHAJIOTHYHO

npesecune. [IpeaBapuTenbHO B TOUKax 0TOOpa MpoO U3MEPSIOT BEIUUYHHY MOTEPU
h

CCUCHUA IINIUTBI 7,
Pacuér OPUCHTHUPOBOYHBIX 3HAYCHUH TCMIICpATypbl W JIUTCIIbBHOCTHU

TepMOOKI/ICHI/ITCJII)HOﬁ ACCTPYKIHMU IUIMTBI B XOJAC IIOXKapa IIpOBOIAT IIO

pe3yybTaTaM ONpeAcIICHHUS Ny upec nomotibio popmyn(5.11, 5.12):

_ 4080
{In{h” ' P}+3,61}
11-P ,K(5.11)

7, =exp1138In(h,) + 0,5InLlID

}—0,51
P ,Mua (5.12)

@opMyJIbl TIOJYYEHBI IO SKCIEPUMEHTAIBHBIM JTaHHBIM JUISI TPEXCIIONHBIX
IJIAT TUIOCKOTO TMPECCOBAaHMUS IUIOTHOCTHIO 700 KI/cM® | TOJIIUHON 16 MM.
OpHako OHM MOTYT OBITh TPUMEHEHBI HJii OPUEHTHUPOBOYHOTO OIPECICHHUS
TEMIIepaTypbl U JUIMTEILHOCTH TEIJIOBOTO BO3JEHCTBUS M HA JPYrHUX THUIAX
HeornezanuineHHbIX JICIT, B TOM 4Kciie, CIUTONIHBIX 3KCTPY3HOHHBIX [4].

Jlpyrue MeTobl UcCJIeJ0BAHUSA

UccnenoBarh cTeneHb TEPMUUYECKOTO MOPAXKEHUS JIPEBECHBIX MaTEpPUAJIOB,
MOJYYEHHYIO TIPU CPABHUTEJIBHO HEBBICOKUX TeMIIepaTypax MOXKHO MyTeM
WU3MEPEHUS JTIOMUHECLCHIIMU IKCTPAKTOB 00pa3IOB MUPOJIU30BAHHON JIPEBECUHBI.
Conepxanuecss B JPEBECHHE  OKCTPAKTUBHBIE  KOMIIOHEHTHI — 00JIaaroT
CIIOCOOHOCTBIO  (hIyOpecuuMpoBaTh 1O/  BO3JICUCTBHEM  YJIbTPa(uOJIETOBOTO
uzinydeHus. C yBeIMYeHUEM CTENEHU TEPMHUYECKOro TpeoOpa3oBaHus KOJTUYECTBO
DKCTPAKTUBHBIX KOMIIOHEHTOB B JPEBECHBIX MaTepuanax CHIDKAeTCsA, |
COOTBETCTBEHHO CHIKAETCS CIOCOOHOCTh K (uyopecuiennuu. B dacTtHOCTH,
JIMara30H TEeMIEpaTypHOrO BO3ACHCTBUS, B KOTOPOM MOKHO JOCTATOYHO
YBEPEHHO C MTOMOIIBIO (DITyOPECIEHITNN BBIJICTSATH 30HBI OOJIBIIIETO WIIM MEHBIIIETO
TEPMUYECKOTO MOPAKEHUS MMEET JIJIi COCHOBOW JIPEBECHUHBI BEPXHIOI TPAHUILY
250 °C; nst 1peBeCHO-BOJOKHUCTHIX U APEBECHO-CTPYKeuHbIX nT - 200 °C, ms
daneps - 300 °C.

Ot6upaTh TPoOBI MUPOJM3OBAHHOW JPEBECHHBI U JPEBECHBIX YIJIEH Ha
MecTax TMOXapoB CieyeT Ha OOYIJICHHBIX y4acTKaX JEpPEBSIHHBIX KOHCTPYKIIUH,
Tam, TJI€ CJIOM YIJIsl HE MOBPEXJECH C TeM, UYTOObl Ha aHAJIU3 MOCTYIUJ CaMbli
BEPXHUM CcJI0M M3yuaemoro oopasia. C moBEpXHOCTH YIJIsI KHCTOYKONH CMaxuBarOT
30J1y U OCTATKU MOKapHOTO MYCOpa, MOCJIE Yero akKypaTHO Cpe3aroT BepxHue 3-5
MM yriist. s mpoBeseHust BceX BHUIOB JIAOOPATOPHOrO aHaiM3a JOCTAaTOYHO HE
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oonee 3-5r yrnsa. Ilpu wu3ydeHum yriaed METOAOM HM3MEPEHUS YIEIbHOIO
AJIEKTPOCOIIPOTUBJIEHUSI B TOUYKE OTOOpa MPEABAPUTEIBHO HU3MEPSIOT IIIyOHHY
oOyrnuBanus. IIpy UCHOIB30BaHUMU CPABHUTENIBHBIX METOJOB HCCIIEIOBAHMS
yriae HeoOXOoAMMO, KaK M B CIIy4ae HM3Y4YEHHs] BCEX APYTUX KOHCTPYKIIMOHHBIX
MaTEpUajIoB, CTPOTO MPUAECPKUBATHCS MPUHIUIIA OTOOpa MPOO Ha OJTHOM BHICOTE.
KonnuecTBo u yactora 000opa mpod He perJaMeHTUPYIOTCS U 3aBUCAT OT pa3MepOB
U3y4aeMoH IUIOIIAau ToXKapa M TpeOyeMOol TOYHOCTH OIpPEAEIEHUS O4YaroBOil
30HBI. [IpOOBI yIiI yakoBBIBAIOT B MOJUATHICHOBBIE WM OYMaKHbIE NAKETHUKH,
HYMEpYIOT, OQOPMIISIIOT H3BATHE MPOO B COOTBETCTBUU C MPOIECCYaTbHBIMU
HOpMaMH M OTHPABIIAIOT Ha MCCIICA0OBaHNE B JabopaTopuio[4].

KoHTpoJibHbIE BONPOCHI:

1. HazoBuTe cOCTaB OCHOBHBIX KOMIIOHEHTOB JIPEBECHHBI M X TIOBEJICHUE
IPpU TEPMUUYECKOM BO3/ICHCTBUHU.

2. HazoBuTe Bu3yaabHbIE MPU3HAKA TEPMUUYECKUX MOPAKEHUN HA
KOHCTPYKLUSAX U3 IPEBECUHBI.

3. Kakum 06pa3om npou3BOIUTCS U3MEPEHUE MTyOUHBI 00YTJIMBaHUS
JIEPEBSHHBIX KOHCTPYKITUN?

4. HazoBUTE MHCTPYMEHTAJIBHBIE METO/IbI U CPENICTBA, IPUMEHSAEMBIE JISI
UCCJIEJOBaHMSI KOHCTPYKIIMM U3 TPEBECHHBI.

5. OnummTe 3aBUCUMOCTD 3JIEKTPOCOTPOTHBIICHHUS YTIIMCTHIX OCTATKOB
JPEBECHHBI OT TEMIIEPATYPHOTO BO3/ICHCTBUS

6. Ilpuniun padotsl koMiiekTa obopynoBanust AKO1-01-OI1.

I'/TABA 6.YCTAHOBJ/IEHUE ITPUYHUHBI IIOKAPA

6.1. [lonsiTHe 0 TEXHMYECKOI MPUYKMHE MOKaApa

YcraHoBIeHHE MPUYUHBI MOXKapa MPOBOAAT IMyTeM OTPaOOTKU OTAEIbHBIX
DKCIIEPTHBIX Bepcui.Ilpruuem Kpyr 3TUX BEpCUM CIELUAIUCT OYEPUYMBAECT, UCXOS
U3 00CTOSATEILCTB TOXKapa, a TJIAaBHOE, HMCXOAS M3 OOHApYyKEHHBIX B oOuare
MaTepHaIbHBIX OOBEKTOB U WX COCTOSHUS (IIPOBOJIOB C OIJIABJICHUSIMH, OCTATKOB
AJIEKTPOIIPUOOPOB, CPEICTB MOIKOTA U T.J1.). AHAIIN3 BEPCUH 0 MIPUYMHE T0Kapa
CTPOUTCS NyTeM apryMEHTHUPOBAHHOTO  OTBEJICHUSI HEBO3MOXHBIX WM
MaJIOBEPOSITHBIX (C HHMX OOBIYHO HAUYMHAIOT) W 3aKaHYMBas €IUHCTBEHHO
BO3MOXXHOM MJIM HanboJjiee BEPOSTHOM.

CBoe cyxXjaeHHE M0 KaxJI0M BEPCUM HYKHO JIOXOJYHUBO OOBSICHUTH.
OObsicHEeHHE NTOJDKHO OBITh MOJAPOOHBIM, COAEPKAUIUM CCBHUIKA Ha pPe3yJIbTaThl
COOCTBEHHBIX MCCJIEAOBAaHUNA MAaTepUAIBHBIX 00BEKTOB, U3BITHIX C MECTA MOXKapa
¥ MaTepualbl yrojaoBHOro aena. [Ipu aTom He crneayer 3a0bIBaTh, UTO U3JIOKECHUE
CYXKJICHUIB 3aKJIIOUCHUUCIICIIMAINCTA JOJKHO BECTUCh Ha S3bIKE, JOCTYITHOM
TEXHUYECKH HEMOJTOTOBICHHOMY YYacTHUKY Tmporecca. [Ipu Heobxomumoctu
WCIIOJIb30BAHUS CIEIUATBHBIX TEPMHUHOB, MX CMBICI JOJIKEH OBITH JOCTYITHO
pa3bsICHEH.
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Ecnu, ucxonas u3z matepuainoB gena, CIeHUAIUCT HE MOKET OCTAHOBUTHCS Ha
OJIHOW BepcUU, HEOOXOUMO yKa3aTh 1-2 NMPUUYUHBI MMOXKapa HauboJiee BEPOSTHHIE,
a TaKXXe JPyrue BO3MOXKHbBIC, HO MEHEE BEPOSITHHIC.

B nonsiTe TEXHUYECKON MPUYUHBI MOKApa BXOAUT YCTAHOBJICHNUE HAIUYMS
W TIOpsiAKa B3aUMOJICMCTBHS, MO KpalHEW Mepe, Tpex MaTepUaIbHBIX
KOMITOHEHTOB, HEOOXOUMBIX JIJI1 BOSHUKHOBEHUS TOPECHUS:

- ICTOYHHKA 3aKUTaHUSI;

- TOPIOYEro BEIIECTBA;

- OKHCJIMTEIIS.

Pemienne Bompoca o0 mnOpuUMHE TOXKapa JOJDKHO —3aKJII0YaThCs B
YCTaHOBJICHUH TIPUPOJIBI ATUX TPEX OOBEKTOB U, UTO HE MEHEE BaXKHO, MOPSIIKA UX
B3aUMOJICHCTBUS. B mepByro oudepelib, YCTAHABIUBACTCS UCHIOUHUK 3AMCUSAHUA
WITUROMCAPOONACHBLIL RPOYecc, TIPUBEANINN K BOSHUKHOBEHUIO TOPEHUS.

3aTeM CHEUMaIUCT JOJDKEH BBISICHUTH M Pa3bsICHUTH CJEJACTBHIO, UTO 3a
20prouee eeuiecmeo MMEIIOCh B o4are, U MOTJIO JIM OHO 3aropeThCsl OT JTaHHOTO
HCTOYHHKA 3aKUTaHUS.

W, nakoHeln, B OTACIBHBIX CIAydasX MPUXOJUTCS OOBSICHATH TaKXKe, KaKOB
OBLI 110 TIPUPOJIC U KOHIICHTPALUK oKucaumess. Ha 60IbIIMHCTBE MTOKAPOB OTBET
Ha TOCJICAHUN BOMPOC OYEBHUJEH - OKHCIUTENIEM SIBIISIETCS KHUCIOPOJ BO3AyXa B
MpUCYIIeH BO3AyXy KoOHIeHTparuu. Ho ObIBalOT cUTyaluu, Korja TOpeHHue
HAYMHAETCS U IIPU KOHTAKTE CrOpaeMbIX MaTepUalioB ¢ IPYTUMH, 00JIee CUIbLHBIMU
okucnutensaMu. Tak, B KauyeCTBE WHUIIUATOPOB TOPEHMS MPH MOJKOrax MOTYT
MPUMEHSTLCA MEePMAaHTaHaT Kajus, COJIM a30THOM KucioThl. Ha BOIONPOBOAHBIX
CTAHIUSIX OKHCIUTEJIEM MOXET SBUThCS CBOOOMHBINA XxJiop. Hakoner, ropexwue
MOXET HauaThCsi B OOOTaIIEHHONW KHUCIOpOJaOoM cpenae (B MEIUIIMHCKOM
OapokamMepe). OTO MOXKET pemawimM o0pa3oM OTpa3uThCs Ha caMou
BO3MO>KHOCTH BO3HUKHOBEHUS TOPEHUS U JUHAMUKE €r0 Pa3BUTHS.

Ha ocHoBaHuMM BBISBIICHHBIX HMCTOYHHUKA 3a)KUTAHUS, CrOpaeMoro
MaTepuasa, OKUCIUTEINS U, YTO OYE€Hb BAXKHO, MEXAHUZMA UX 83AUMOOCIICMEU,
dbopmMupyeTCcs BBIBOJ O MPUUUHE MOXKapa.

B dbopMynupoBke TEXHHYECKON MPUUYMHBI MTOYKapa JOKHBI OBITh OTPayKEHbI
BCE YKa3aHHbIC€ KOMITOHEHTHI.CHEIUAIIMCT HE BIPAaBE€ OTBEYaTh Ha BOIPOCHI,
KacCaroluecs: IPUINYECKON WIM MOPAIBHO-TICUXOJOTHYECKON OLECHKH JCHCTBUHN
KOHKPETHBIX JIUIl U 00 UX MPUYACTHOCTH K BO3HUKHOBEHHUIO Toxkapa. [loaTomy
HUKAKHX MPABOBBIX OIEHOK (KakK B (JOPMYJTUPOBKE «HEOCTOPOKHOE OOpalieHue ¢
OTHEM») B BBIBOJIaX OBITh HE JOJIKHO.

JIsi BO3HMKHOBEHHSI TOPEHHUS HEOOXOIMMO HaJW4Yue W B3aUMOJICUCTBHUE
TpeX MaTepUaIbHbIX KOMIIOHEHTOB:

- ICTOYHHKA 3a)KUTaHHS;

- TOPIOYETO BEIECTRA;

- OKHCIIMTEIIS.

Pemenue Bompoca O TpUYMHE TOXKapa JOJDKHO —3aKJIKOYaThCs B
YCTaHOBJICHUH TIPUPOJIBI ITUX TPEX 0OBEKTOB U, YTO HE MEHEE BAXKHO, MOPSIKA UX
B3aUMOJICHCTBUSL. B mepByl0o  ouepedb, yCTAaHABIMBACTCA  UCHIOUYHUK
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3AHCUZAHUANTTANONCAPOONACHBLIL  npoyecc, TPUBEAIINA K BO3HHUKHOBEHHUIO
TOpPEHUS.

[Ipoiiecc BO3HUKHOBEHHMS TOPEHHSI MOKHO Pa3/IeNITh HA TPU CTAIUU:

- UTHUITUMPOBAHUE (3aXOKEHUE),

- BOCIJIAMEHEHHUE,

- TOpEHUE.

NuunuupoBanue OOBIYHO OCYIIECTBISETCA TIPU TOMOIIM HCTOYHHUKA
3aKATaHUsA, (OPMHPYIOMIETO TEIJIOBOM HWMITYJIbC, KOTOPBIM  cooOmaercs
OTPaHUYCHHOMY yYaCTKY MTOBEPXHOCTH COCTABA.

OCHOBHBIC HCTOYHHKH 3KUTAHUS MOXKHO Pa3ACIUTh Ha CIEIYIONTUE
TPYIIIIBL:

- MQJIOMOIITHBIE WCTOYHUKH 3aXHWTaHus (TJICIonIue TaOayHble W3ACIHA,
packajieHHbIC YAaCTHIIBI, 0O0pa3yIOIHecs TP JICKTPUUECKOW M Ta30BOM CBapKe,
pe3ke, GPUKIMOHHBIE UCKPBI, MEJIKME YaCTUIIBI TOPSIIETO BEIIECTBA);

- aBapUiiHbIE PEXKUMBI B JJIEKTPOYCTAHOBKAX (KOPOTKOE 3aMbIKaHUE,
TOKOBas Meperpyska u T.11.);

- CaMOBO3TOPAHKE TEIJIOBOE, MUKPOOHOJIOTMYECKOE, XUMUYECKOE;

- OTHEBBIE PaOOTHI ((hakesbl MIaMEHU Tra30BOM TOPEJIKH, MAasILHON JaMIIbl,
M0KapOoTacHbIe (haKTOPHI AJIEKTPOCBAPOUHBIX PAdOT);

- IPUPOJIHBIC SIBJICHUS (pa3psibl aTMOC(EPHOTO AIEKTPUUECTBA);

- HapyIICHUE TEXHOJOTHUECKHUX MPOIIECCOB;

- HarpeBaTeIbHBIC U OTOMUTEILHBIC IPUOOPHI;

- AICTOYHHUKHU OTKPBITOTO OTHS (TIIaMs CIIMYKH, 32)KUTANIKH, (haKelia IIaMeH!
U T.Il. UICTOYHUKOB).

BocnnmameHnenreM NMpUHATO HA3bIBaTh PAcIpOCTpaHEHUE TOPEHUS IO BCEH
TTOBEPXHOCTHU COCTAaBA.

JUIss omHOTO W TOTO K€ COCTaBa TOPIOUEro BEIIECTBA CKOPOCTh
BOCIIJITAMEHEHUS 3aBUCHT:

1) ot cTeneHn U3MeNbLYCHUSI KOMIIOHEHTOB; Ye€M TOHBIIIE U3MENbYeHUE, TEM
OombI1Ie 00II1ast MTOBEPXHOCTh COCTABA U TEM OBICTPEE UET BOCITIAMEHEHHUE;

2) OT IJIOTHOCTH COCTaBa: 4eM OO0JIbIIIE TNIOTHOCTh, TEM MEHbIIIE CTAHOBUTCS
oO1asi MOBEPXHOCTh COCTaBa (YMEHBINIAETCS KOJUYECTBO TMOP) M TEM TPYIHEE U
MeJICHHEE MPOUCXOIUT BOCILUIAMEHEHHE;

3) OT HavambHOW TEeMIlepaTyphl: YeM OHA BBINIE, TEM JieTde W ObICTpee
MPOTEKACTBOCTIAMCHCHHC,

4) OT BHEIIHETO JABJICHUS: MPU €r0 MOBBIIMICHUH CKOPOCTh BOCIIJIAMEHEHUS
CHJIPHO YBEJIUYHMBACTCS; CXKAThIC Ta3bl MEPEAAOT B OTOM CiIydae OOJIbIIE TEIUia B
CIMHMITY BPEMEHH BOCIITIAaMEHSIEMOW UMHU TTOBEPXHOCTH;

5) or cocrtaBa ra3oBoi (a3pl M, B YACTHOCTH, OT COJCpP)KaHUS B HEH
KHCIIOPOJIa, KOTOPBIM aKTUBHO yYacTBYET B MPOIECCaX BOCIUIAMEHEHHS MHOTHUX
MUPOTEXHUIECKUX COCTABOB.

CoOCTBEHHO TOPEHHEM HA3bIBAIOT JBIKEHUE MTPOIlecca B IITyOnHY.

B ¢opme ropenus MOryT mpoTeKaTh BRICOKOIK30TEPMHUUECKHE XUMUUECKHE
peakuun. HaOmomaemoe mpu 3TOM B OOJIBIIMHCTBE CIIyd4aeB oOOpa30BaHUE
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mIaMeHu (WM CBEYEHHE) HE SBIAETCS, OJHAKO, HEMPEMEHHBIM MPU3HAKOM
TOPEHHUS; TaK, HAIPUMEP, IPU TOPEHUHN JBIMOBBIX COCTABOB IIJIAMEHH U BBIACICHUS
CBETa HE HAOJII0IaeTCs.

[Iponecc ropeHust XxapakTepus3yercsi:

1) HanmuyueM MOoABUKHOM 30HBI PEaKI[UU, UMEIOIIEH BBICOKYIO TEMIIEPATYPY
(COTHM ¥ TBHICSYM TPaayCcoB) W OTACIAIONICH elle He MpopearupoBaBIIne
(X0JI0IHBIC) BEIIECTBA OT MPOAYKTOB PEAKIIHH;

2) OTCYTCTBUEM CKayka JaBJICHUSI B 30HE peakuuu (B IJIAMEHH), 3TUM
MPOIIECCHI TOPEHUS CYIIECTBEHHO OTIMYAIOTCS OT MPOLIECCOB B3PHIBA.

[Io creneHH TOMOTE€HHOCTH HAYaJdbHOW CHCTEMBI Pa3IMYalOT HECKOJBKO
BUJIOB TopeHus. ['opeHre TBEpJIOro WM *UJIKOTO TOIJIMBA 3a CYET KHUCIOpOJa
BO3/yXa - A3TO TeTeporeHHoe ropeHue. ['opeHue B3phIBUATHIX Ta30BbIX (MU
KUJKUX) CMECEeM WM HUHAMBUIYAIbHBIX B3PBIBUATHIX BEIIECTB - ATO TOPEHHE
TOMOTEHHOE.

YcraHoBIeHHE MPUYUHBI MOXKapa MPOBOAAT IMyTEM OTPaOOTKU OTAEIbHBIX
AKCHEPTHBIX Bepcui. [IprueM Kpyr 3TUX BEpCHUH CIIEIUATUCT OYEPUUBAET, UCXOS
U3 OOCTOSITENICTB TOXKapa, a TJaBHOE, HCXOIs U3 ouaza hoxycapa u
OOHapYy>KEHHBIX B OYare MaTepHUabHBIX OOBEKTOB U UX COCTOSHHS (IIPOBOJIOB C
OILIABJICHUSIMH, OCTATKOB AJIEKTPOIIPUOOPOB, CPEJCTB MOIKOTa U T.1.).

3aTeM CHEUHAIUCT JOJHKEH BBISICHUTh M Pa3bsICHUTH CIEICTBHUIO, YTO 3a
roproyee BEIIECTBO MMEJIOCh B O4are, ¥ MOIJIO JIU OHO 3aropeThCs OT JAHHOTO
HMCTOYHUKA 3a)KUTAHUS.

B oTaenpHBIX ciyyasx NOpUXOAUTCA OOBSICHATH TakkKe, KakoB ObLI IO
MPUPOJIC M KOHIICHTpAIMU OKHUCIUTEeNh? Ha OONbIIMHCTBE MOXapoB OTBET Ha
MOCJIEAHUN BOMPOC OYEBHUJICH - OKHCIIMTENIEM SBISETCS KHUCIOPOJ BO3AyXa B
npucyliel BoO3AyXy KoHIeHTpaiuu. Ho ObIBaloT cuTyaluu, Korja TropeHue
HAYMHAETCS ¥ TIPU KOHTAKTE CTOPAEMBIX MAaTEPHUAIIOB C APYTUMH, 00JI€€ CUIIbHBIMU
okucnurensaMu. Tak, B KauyecTBe WHULIMATOPOB TOPEHHS] MPHU MOIKOrax MOTYT
MPUMEHSTHCA MEPMAHTaHAT Kajius, COJM a30THOW KucinoThl. Ha BOIOMPOBOAHBIX
CTaHIUSAX OKHCIUTEIIEM MOXET SIBUThCA CBOOOIHBIN XJjop. Hakoner, ropeHue
MOXET HadaTbcsi B OOOTAlIEHHOW KUCIOPOJAOM Cpele, B MEIUIIMHCKON
Oapokamepe. DOTO MOXET pemarmuM o0pa3oM  OTpa3uTbCI Ha  camoi
BO3MO>XHOCTH BOZHHUKHOBEHUSI TOPEHHS U IMHAMUKE €r0 Pa3BUTHUS.

Ha ocHOBaHMM BBISIBICHHBIX HCTOYHUKA 3a)KUTAHUS, CropaemMoro
MaTtepuasia, OKUCIUTENS U, YTO OYCHb BXKHO, MEXAHUIMA UX 63AUMOOEIICHIBUSL,
dbopmupyeTcst BBIBOJ] O MPUUUHE MOXKapa.

B ¢dopMmynupoBke TeXHWYECKOW MPUYUHBI MOXapa [OKHBI OBITH 10
BO3MOXXHOCTH Ha3BaHbl: MCTOYHMK 3a)KUTAaHMS, 3aropeBIIEECs BEIIECTBO WU
MaTepual, OKUCIUTENb (TP HEOOXOAWMOCTH) M, HAKOHEIl, OMKCAaH MPOIECC UX
B3auMociCcTBH. [IpaBOBBIX OLIEHOKOBITH HE TOJDKHO[3].
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6.2. AHAJIM3 NPUYACTHOCTH K BO3SHMKHOBEHMIO N0KAPa 3JIeMEHTOB
3JIEKTPOCeTen

3agaun M MOC/IEAOBATENBHOCTH OCMOTPA JJIEKTPOOOOPYAOBAaHUS Ha
MecTe Mokapa

CornacHo CTaTUCTHKH, MpuBeAeHHONW Ha odunuaibHoM caiiTeKUC MB/]
PecnyOnuku Kazaxcran ycTaHOBJIEHO, YTO HAaMOOJIBIINK MaTepUANIbHBIN yIiepO oT
II0’KAPOB IIPUXOJUTCS HA UCTOYHUKH 3a)KUT'aHUS, CBA3aHHBIC C HAPYILICHUE ITPABUJI
yCTpOMCTBA W OKCIUTyaTallud  DJEKTPOOOOpYIOBaHMS U OBITOBBIX
AIEKTPONPUOOPOB.

[Toxxapbl M3-3a HENPABWIBHOW SKCIUIyaTalldy 3JIEKTPOIPUOOPOB HEPEIKO
CONPOBOXKAAIOTCSI  THUOENbIO  JIIOICH, TOCKOJBKY  HapylleHHEe  pexuma
AKCIUTyaTally MOPOH yCYryOmsieTcs moTepel JTI0AbMU KOHTPOJIS 3a UX paboToil B
pe3yapTaTe CHA WM HETPE3BOTO COCTOSHUS.

Bepcun 0 BO3HHMKHOBEHMM I0Kapa OT 3JEMEHTOB JJIEKTPOCETEM HIIM TaK
Ha3bIBAEMBIE «QJIEKTPOTEXHUYECKHE» BEPCUU PACCMATPUBAIOTCS BO BCEX CIIyYasX,
KOI'JIa B 0YaroBOil 30HE UMEJIOCh 3JIEKTPOOOOPYI0BaHNUE, a INEKTPOCETh ObLIA MO
HaNpsDKEHUEM.OJTO CBA3aHO C TEM, YTO 3JEKTPOOOOpYJOBaHME, KaK IpaBUIIO,
IIPENCTABIIET PEATBHYIO IMOKAPHYIO OMACHOCTb, U BBIIBUTH WJIM UCKIIFOUUTH €T0
IIPUYACTHOCTH K BO3HUKHOBEHHUIO [10Kapa CJIEyeT HEPEMEHHO.

DNEeKTpOCETH pA3NMYalOT 1O pPOAY TOKA: IOCTOSHHBIN, IEPEMEHHBIN,
Tpex(da3Hblil 1 MHOTO(a3HBIMN.

I1o ypOBHIO HanpsKEHUS:

- CBEPXBBICOKOTO HanpskeHuss UnoM.>330 kB,

- BbIcOKOTO HamnpsbkeHust Unom.= 3/220 kB,

- HU3Koro HampsbkeHnss Unom.<1kB,

- CBepXHU3KHUe HanpspkeHus (10 50 BoJibT).

B 1moXapHO-TEXHMYECKOM JKCHEPTU3€  CHELMAIMCTBl  4Yalle  BCEro
paccMaTpHUBAKOT ABAPUHBIE PEKUMBI, TPUBOISIINE K IMOXKAapaM, B CETSAX HU3KOTO
HanpspkeHus 10 1 kB (ObITOBBIE, TPOMBILIICHHBIE, OCBETUTENIBHBIE ...) U B CETSIX
CBEPXHHU3KOIO0 HampskeHHsl (CTpOMUTENbHBIC, TPAHCIOPTHBIE, TeaehOHHBIE,
KOMIBIOTEPHbIE ...). B TakuX »3JlEKTPUYECKUX CETSIX aBapUilHbIe PEKUMBbI
OPUBOAAT K  BBIJCICHUIO DJJIEKTPUYECKOTO TEIla 3a CYET MPOTEKAHUS
MOBBIIIEHHBIX TOKOB.

B snextpuueckux cersx Bbime 1 kB cimenyer yuumThIBaTH MOKUTArOLIME
CBOMCTBA QJICKTPUUECKOW Jyrd BO3ZHMKAIOIIEH NpU MNpodOe H30ISALUUU WU
BO3/IYILIHON CpEJIbI.

B 000011eHHOE MOHSATHE 3JEKTPOCETh BXOJAT BCE DJIEKTPONPOBOAA U
Ka0enu, BCEBO3MOXKHbIE KOMMYTAllMOHHBIE YCTPONCTBA (PO3ETKH, BBIKIIOYATEIH,
NATPOHBI BJIEKTPOJIAMIIOYEK U T.J.), DJIEKTPONOTPeOUTENN (OCBETUTEIbHBIE U
HarpeBaTeNbHbIE TPUOOPHI, FIEKTPOHHBIE MPUOOPHI, OBITOBBIE M MPOMBIIIICHHbIE
AIIEKTPUYECKUE MAIIMHBI U T.J1.), allapaThl 3aLIUTHI.

Baxneiimeldi U HEOTHEMJIEMOM YacThIO JIFOOOM DSIIEKTPOCETH SBIISIOTCS
COEMHUTENbHBIE TPOBOA U KaOeH.

Kabeap - ogHa MM HECKOJIBKO HM30JIMPOBAHHBIX TOKONPOBOISALIMX KU,
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3aKJIFOYEHHBIX, KaK PABUJIO, B METALIMYECKYIO WIM HEMETAINIMYECKYIO 000JI0UKY,
MOBEPX KOTOPOW B 3aBUCHUMOCTH OT YCJIOBUW MPOKIAJKU U AKCIUTYyaTallUd MOYKET
MMETBCS COOTBETCTBYIOIIMM 3alllUTHBIM ITOKPOB, B KOTOPBIA MOXET BXOIUTH
OpoHSI.

IIpoBoa - oAaHA WIM HECKOJBKO HM30JMPOBAHHBIX TOKOIPOBOISIIMX >KHIIL,
MOBEPX KOTOPBIX B 3aBUCHUMOCTH OT YCJIOBHUU MPOKJIAIKH U SKCILTyaTallud MOYKET
UMEThCS HeMeTainyeckass 0007104ka, 0OMOTKa (M) WM OIJIETKAa BOJIOKHUCTHIMU
MaTeprUalaMi WIN MPOBOJIOKOM.

IInyp - nBe WK O00Jee N30JUPOBAHHBIX THOKUX KUJI ceYeHUeM 110 1,5 mwm,
CKPYUYEHHBIX WJIH YJIOKEHHBIX MMapajuleIbHO, TOBEPX KOTOPHIX B 3aBUCUMOCTH OT
YCIOBUHM 3KCIUTyaTallud MOTYT OBITh HEMETAJUIMUecKas 000JOYKa M 3alllUTHBIC
MOKPOBBI, JJIsI MOJIKJIFOYEHHUS IEPEHOCHBIX U NEPEABUKHBIX TOKOTTPUEMHHUKOB.

OCHOBHBIMM 3JIEMEHTAMH BCE€X THUIOB Kalened, NpOBOJOB W LIHYpPOB
SBJISIOTCS TOKOIIPOBOJAIINE KUJIbI, U30JISIUS, SKpaHbl, 000J0YKa U HAPY>KHbIE
MOKPOBBL. B 3aBUCHMMOCTH OT Ha3HA4YEHUS W YCIOBUN SKCILTyaTaluu kalemnel u
MIPOBOJOB U30JIALIUS, SKpaH U HApPYKHbIE TIOKPOBBI MOT'YT OTCYTCTBOBATb.

[locxxapHast ~ OmacHOCTb  DJIEKTPOCETEHOOYCIOBIMBACTCS  BO3MOXHBIM
BO3HUKHOBEHHMEM B  YCIOBHUSIX  OKCIUTyaTalldd HWCTOYHUKOB  3a)KUTaHMUS:
AIEKTPUYECKUX HUCKpP, OYT, HArPEThIX KOHTAKTHBIX COCIMHEHUN W TOKOBEHAYIIHUX
JKWJI, YaCTUI] PACIUJIABJIEHHOIO METAJIJIa U OTKPBITOTO OTHSI BOCILIAMEHUBIIEHCS
U30JISIUU, A TaKXKE CIHOCOOHOCTBIO AJEKTPUUECKUX MPOBOAOK PACHPOCTPAHSITH
TOpeHUE BAOJb UX TMNPOKIaAKu. Kaxnaplii M3 MNEpeurCICHHBIX HCTOYHUKOB
3a)KUTaHUS XapaKTEPU3YETCs] CBOMMH OCOOEHHOCTSIMH.

[loxkapHass OIACHOCTH HAarpeBa TOKOBEAYIIMX JKWJI 3aKIKOYaeTcs B
ONACHOCTH 3aropaHus MU30JSLHH, a TAKXKE TOPIOYNX MATEPUAJIIOB, HAXOIAIINXCS B
HETMOCPEACTBEHHOM KOHTAKTE € AJIEKTPUYECKON MPOBOAKOM. Harpes TokoBeaymumx
JKUJT MOXKET OBITh JIOKAJbHBINA, MECTHBIM M 00IIHi. JIOKaNbHBIN HAIPEB - 3TO TaKOM
HarpeB, KOT/la JIMHEHHBIM pa3MepOM 30HBI HArpeBa MOKHO MpeHeOpedb. MecTHBIN
HarpeB - 3TO HArpeB, OXBATHIBAIOIIWNA YacCTh JJIMHBI MPOBOJHMKA, a OOIIWN -
HarpeB, OXBaThIBAOIINI BECh MPOBOJHUK.

JlokanbHbIli HarpeB BoO3HUKaeT npu K3 ToOkoBeaymMX KU B TOUKE HX
kacanus. Eciu oOpasyercs KOHTaKT ¢ OOJIBIIMM TMEPEXOIHBIM COMPOTHUBIICHUEM
(Hampumep, TpH CiIadOM HaXaTUH), TO BBIJACISIETCS OOJBIIOE KOJIUYECTBO
TEIJIOTHI, YTO BEAET K OBICTPOMY HarpeBy KOHTAKTHOW 30HBI. Harpe moxker
BBI3BAaTh OIUIABJICHUE MPOBOJOB B 30HE KOHTAKTa, a TaKKe HMX nepexor. B
JEUCTBUTEILHOCTH JIOKAJbHBIA HarpeB TOKOBEAYIIUX >KUJ TMPU WX 3aMbIKAHUU
MEXKTy COOOM MPOUCXOUT YpE3BbIYAITHO OBICTPO U MOXKET OBITh MPEICTABICH KaK
JIOKaJIbHBIN TEIUIOBOM yzaap. CKOpOCTh BBIAEIICHHS TEIJIOThI B KOHTAKTHOM TOYKE
HACTOJIBKO BBICOKA (MOPSIKAa HECKOJIBKUX JECSITKOB ThICSY T'PAAyCOB B CEKYHIY),
YTO TEIJIOTa, aKKyMYJIMPOBaHHAs B TOKOBEAYIIUX Kujax B 30He K3, mpakTruecku
HE IepenacTcs B OKpyKawollyro cpeny. IloaTtomy MOXKHO cuMTaTrh, 4TO B 30HE
KOHTAKTa B TE€UYEHHUE OIPEIECICHHOTO MPOMEKYTKa BPEMEHH, BECbMa Majoro Io
CBOCH BEJMYMHE, CYIIECTBYET OYEHb BBICOKAs TeMmIeparypa, OJmM3Kas K
TeMIepaType KUIIEHUS MeTaUla. YUWThIBas, 4YTO TEMIleparypa Harpena
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TOKOBEAYIUX KUJI B 30HE KOHTAaKTa OYEHb BBICOKAs, CIEAYET OXKHUJATh
BOCIUIAMEHEHUs  M30JIS1IMM, HaxXoJdlleics BOMM3uM 30HBI  HarpeBa. Ee
BOCIVIAMEHEHHUIO CIIOCOOCTBYET TaKke TEIUIOBOM A(PGhEKT 3JIeKTPUYECKON IYyTH,
KOTOpasi, Kak TMpaBujiao, Heu30exkHOo Bo3HukaeT nipu K3. Bo3MmoxxHOCTH
BOCIUIaMEHEHUA U30Js1uu B 30He K3 ompeaensiercss JIMTEIbHOCTBIO aBAPUITHOTO
peXrMa H  BpEeMEHEeM, HEOOXOJMMBbIM JJI1 IOJATOTOBKHM  H3OJALMH K
BOCIJIAMEHEHUIO (BpEMS UHIYKIIHH ).

MecTHBIE HarpeB 3JIEKTPONPOBOAOB BO3MOXKEH B CIy4ae COCAUHCHUS
MIPOBOJIOB BCKPYTKY 0€3 OmpeccoBKH. B 3TOM ciydae mpolecchl Harpesa,
0oOyCJIOBTUBAEMbIC MECTHBIM  YBEIMYCHHEM IEPEXOJHOTO COMPOTHBICHHS,
MpOXOJsAT MemjieHHO. Eciaum Temmeparypa HarpeBa NMpPOBOJOB B MECTE CKPYTKHU
MPEBBICUT TEMIIEPATYPY CAMOBOCILJIAMEHEHUS U30JISII[UU, TO OHA BOCTIIAMEHUTCS.

OOmuit  HarpeB TOKOBEAYIIMX JKWJI TIPOBOJOB  MPOUCXOJIUT TP
MPOXOXKIECHUA TOKa, IO CBOEMY 3HAYEHHUIO MPEBBIIIAIONIETO HOMUHAIBHBIN.
Beinensroniasics npu 3TOM TEIUIOTa BEAET K HArpeBy H30JSIUU, KOTOpas MpHU
JOCTUKEHUHM  TEMIEpaTypbl  CaMOBOCIUIAMEHEHHUs  BocIulameHsercs. g
TPAHCIIOPTUPOBKH u pacrpeneneHus AIEKTPOIHEPTUH Tpedyercs
COOTBETCTBYIOIIIEE PA3BUTHE DIEKTPUUECKUX CETEH, KOTOPOE Yallle BCEro UIET IO
OyTH TPOKJIAAKKA Kalejaedl B BHUAEC TMYyYKOB WIM KaOENIbHBIX IOTOKOB,
COCPEJIOTOYMBAEMBIX B CIICIMAIBHBIX KaOETbHBIX COOpYyX eHUsx. OJHAKO 5TO
CHUYKAET HAaJIC)KHOCTh CUCTEM YIPABJICHUSI U DHEPTOCHAOKEHUS B ClIydae Mmokapa
M TIOBBIIIAET TMOXKApPHYK oONacHOCTh. Iloxkapsl B KaOENbHBIX COOPYKEHHUAX
COMPOBOXKJIAIOTCS OOJIBIIMMHU MaTE€pPUATbLHBIMUA TOTEPSIMU B BHUJE CTOMMOCTH
Croparmomnmx kabeiaeil W TPOBOJAOB M KOCBEHHBIX YOBITKOB H3-3a OCTAHOBKHU
MPOU3BOJICTBA, HAPYIIECHUS YHEPTOCHAOKEHUS U HEJIOBBIPAOOTKHU DJICKTPUUYECKON
SHEPIUH.

[ToxkapHast oOmacHOCTh KaOeynel XapakTepU3yeTcsi HMX TOpPIOYECThI0 H
CITOCOOHOCTBIO PACIPOCTPaHATh ropeHue. ['oprodecTs Kabemnel - 3T0 CloCOOHOCTh
NOAJACPKUBATh TOPEHUE MPH BO3ACHCTBUM HA HUX MCTOYHUKA 3axkuranus. OHa
3aBUCUT OT KOHCTPYKTMBHOTO WCIIOJIHEHHsI KaOels, ero pacroJIOKEHUus B
MPOCTPAHCTBE, TOKAPOOIACHBIX XaPAKTEPUCTHUK H3OJSAIUU Kalenss W JPyrux
dbakTopoB. Hampumep, eciu OIWHOYHBIM Kabelb C TOJMBUHUIXJIOPHIHOU
M30JIALMEN BOCIUIAMEHSIETCSI W TOPUT TOJBKO MPHU MOCTOSIHHOM BO3JEHCTBUU
HMCTOYHUKA TEIUIOThI, TO MyYOK TOYHO TaKUX e Kaleel mocie 3aKuraHusi TOpuT
camocTosiTebHO. CeayeT Takke OTMETHTh, UTO TOPIOUeCTh Kabesneil u mpoBOJOB
MOBBIIIACTCS MTPU HAHECEHUHU Ha HUX JIAKOBBIX MOKPBITHIA[3].

OcMOTp 3JI€KTPOOOOPYAOBAHUS JOJDKEH HAYMHATHCS C W3YYEHUSI CXEMBbI
AIEKTPOOOOPYIOBAHUS U €€ JOKYMEHTAIIUH.

VY anMuHHCTpaiuu 00bEKTa U3BIMAIOTCS, U U3Y4atOTCSI:

- MAaCHOPTHBIE ~ KApThl  WJIM  JKypHaJIbl C  ONHChIO  OCHOBHOIO
AJIEKTPOOOOPY/IOBAaHUS U 3alUTHBIX CPEACTB C YKa3aHUEM HX TEXHUYECKHX
XapakTepUCTUK, TMPOTOKOJbI M AaKThl HCHBITAHWM, pPEMOHTAa U PEBU3UU
000pyI0BaHUS;

- o0mue CcXeMbl DJIEKTPOCHAOKEHHS 10 TPEANPHUATHIO B IIEJIOM U
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OTJIEJBHBIM LIEXaM U y4acTKaMm;

- MPAKTUYECKAsI TOKYMEHTAlUs Ha yCTPOWCTBO JJEKTPOOCBEILICHHS, CXEeMa
CETHU OCBEILICHHUS], KAPTOTEKA TEKYIIEH IKCILUTyaTallud U PEMOHTOB.

[Ipu 3TOM ycTaHABIMBAIOTCA TAaKXE JaHHBIE O COCTOSTHUU, OCOOEHHOCTSIX
YCTPOMCTBA OJIEKTPOCETH M €€ OHKCIUIyaTallud B TMEPUOJ, NPEALIECTBYIOLIUN
noxapy.

3aTeM MNPOU3BOAUTCS HEMOCPEICTBEHHBI OCMOTP JJIEKTPOCETH MECTa
nokapa. DJIEKTPOCETH MOJI0KEHO OCMATPUBATH HE TOJIBKO B 30HE TOPEHUS, HO U Ha
BCEM YYacTKe OT CHMJIOBOro TpaHcdopmartopa (B KpailHeM ciydae, OT anmapaToB
3aIUTHI, PACMIOJIOKEHHBIX BHE 30HBI TOPEHUS) O KOHEYHOTO MOTPEOUTENS.

IIpm ocmotpe:

- YTOUHSIOTCS TPACCHI U CLOCOOBI MPOKIAJKHU JIEKTPOITPOBOIKH;

- YTOUHSIIOTCSL (WJIM COCTABJISIFOTCS) ACKU3BI  CXEMBI JJIEKTPOCETH C
IPOBEPKOl ee (PaKTUUECKOro COOTBETCTBHSI TOM CXEMe, KOTOpas MOoJyuyeHa Yy
JOJKHOCTHBIX JIMLI;

- OTMEUAIOTCA BCE MECTa CKPYTOK, MEpPerudoB, COCTOSTHUE KOHTAKTHBIX
COEIMHEHMI, MeCTa Mpoxo/ia Kabenel yepe3 KOHCTPYKLINH;

- YCTaHaBJIUBAIOTCS THIIBI U HOMUHAJIbHbBIE XapaKTePUCTUKU
JIEKTPOIPUEMHHUKOB, COCTOSIHUE YCTPOUCTB 3JIEKTPO3aLUTHI;

- BBISIBJIISIIOTCS.  YYAaCTKU TOKOBEAYIIMX OKWJI KaOEIbHBIX M3JCIUNA U
KOHTAKTHBIX COEAWHEHWW C OIUIABJICHUSAMH, IYTOBOW D3pO3HEM W JAPYTrUMHU
IpU3HAKaMU aBapUitHOM paboTHI;

- cnennanmuct  WUIIJI  moxer ykasaTh JO3HABATENI0 HA  Y4acTOK
ANEKTPOCETU UM KaOENbHBIX U3JENHM, a TAaKXKE JIPYTUX AJIEMEHTOB 3JIEKTPOCETH C
MPU3HAKaMU aBapHUIHBIX MPOLECCOB JJIA OCYIIECTBICHUS MPOLEAYPbl U3BATHS C
COOTBETCTBYIOIIHI (hpUKCALMEH B TPOTOKOJIE OCMOTpA.

Cxema snekTpoceTu 06€3 MOATBEPKACHHSI €€ JOCTOBEPHOCTH B X0/I€ OCMOTpa
MecTa MOo)Kapa HE UMEEeT JO0Ka3aTeJIbCTBEHHOIO 3HAUEHHMS W HE MOXKET ObITh
UCTOYHUKOM  HMCXOAHOM  HMH(pOpMalUMW  TNpU  HPOBEACHUM  SKCIEPTHBIX
uccienoBanuii[3].

6.3ABapuiiHbIii PpeKUM KOPOTKOI0 3aMbIKAHMS M NPU3HAKH €ro
NPUYACTHOCTH K BOSHMKHOBEHHUIO I0Kapa

JIns  DIEKTpOYCTAaHOBOK XapaKTEpHBI YETBIPE pEKHMMA: HOPMAJIbHBIN,
ABAPUMHBIN, II0CIICABAPUMHBIAI WU PEMOHTHBIM, IIPUYEM aBAPUMHBIA PEKUM
ABJISIETCA KPAaTKOBPEMEHHBIM PEXKHMOM, a OCTAIBbHBIE - MPOIOJIKUTEIbHBIMU
pexnmamu. OCHOBHBIMU aBapUIHBIMU PEKUMAMH B DJIEKTPOCETIX, TPUBOAAIIUMU
K MOKapy SIBJSIOTCH:

1) kopotkoe 3ambikanue (K3);

2) neperpyska;

3) 6onbmmoe nepexoaHoe conpotuieHue (bIIC).

3aMeTuM, YTO aBapUHHBIC PEXKUMBI MEPErpy3Ku U OONBIIOTO MEPEXOHOTO
COIPOTHUBIJIEHUSA MOT'YT CO BPEMEHEM IIPUBECTH K KOPOTKOMY 3aMBIKAHMUIO.

OOBIYHO AJIEKTPOOOOPYI0BaHKE BBIOMpAETCS o rnapaMeTpam
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IPOJOJKUTEIBHBIX PEKUMOB M MPOBEPSAETCA MO MapaMeTpam KpaTKOBPEMEHHBIX
PEKHUMOB, ONMPEAEISAIONIAM U3 KOTOPBIX SIBIISIETCS PEKUM KOPOTKOTO 3aMbIKaHUS
(K3).

Koporkoe 3amblikaHue - 3aMbIKaHHE, IIPU KOTOPOM TOKH B BETBAX
AIEKTPOYCTAHOBKH, TNPUMBIKAIOIIMX K MECTy €ro BO3HUKHOBEHUS, pE3KO
BO3pACTAIOT, TMPEBBIMIAsT HAUOONBIIMKA JTOMYCTUMBIA TOK MPOJOJKATEIHLHOTO
pexuma.

IIpu K3 B MecTtax coequHEHUs MPOBOAOB COMNPOTHBIEHUE MPAKTUYECKH
paBHO HYJIIO, B pE3yJbTaTe€ YEro TOK, MNPOXOJSIIMIA MO NPOBOAHHKAM U
TOKOBEAYIIMM YacTsAM amnmapaToB U MaIlllH, JOCTUTAeT O0NbIIuX 3HadeHu. Toku
K3 Ha HECKOJBKO MOPSAKOB NPEBBIIAIOT HOMHUHAJIBHBIE TOKH IPOBOJOB H
TOKOBEIYIIUX YaCTeH M JTOCTUTAIOT COTEH M ThICSIY amIiep. Takue TOKM MOTYT He
TOJIBKO TIEPErpPeTh, HO M BOCIUIAMEHHUTH H3OJISILIUIO, PACIUIABUTh TOKOBEAYIIHE
yacTd W mpoBoja. [lnmaBiieHHE METaUIMYECKUX JAETalel MalluH M anmnapaToB
COIPOBOX/IAETCS OOMIIBHBIM Pa3jeTOM UCKP, KOTOPbIE B CBOIO OUEpENlb CIIOCOOHBI
BOCIUIAMEHUTh OJIM3KO pacHOJIOKEHHbIE TOPIOYME BEIIECTBA U MaTepHallbl,
MOCIYKUTh IPUYUHON B3PhIBA.

KopoTkue 3aMbIKaHUs B 2JEKTPUUYECKUX CETAX Yallle BCETO CIyYaroTCs U3-3a
pa3pylIeHHUs] U30JSUUU TOKONPOBOISALIMX YacTeld B PE3yJIbTATE MEXAHHYECKHX
BO3JICHCTBHI, ECTECTBEHHOTO CTAPEHUs, BO3JACHCTBUS arpECCUBHBIX CPEJ U BIIArH,
a TaKXe OIIMOOYHBIX JEUCTBUN HSIIEKTPOTEXHUUECKOTOo mnepcoHana. Koportkoe
3aMbIKaHUE COIPOBOXKIAETCA PE3KUM BO3pacTaHUEM TOKa B IE€NHU, a TaKXKe
3HAYUTEIBHBIM YBEIMYEHUEM BBIJCISIOIETOCS TEIJIa, MPONOPLHUOHAIBLHOIO
KBaJ[paTy BeJIrMuuHbI TOKa (6.1).

Q = I?Rt(6.1)

Bo3zgeiictBue  TEMIOBOrO HarpeBa Ha MPOBOAKY PE3KO  CHMXKAET
MEXaHUYECKYI0 M JIMAJIEKTPUYECKYH0 NPOYHOCTh H30JAUMU. A B pe3yibTaTe
PETYJISIPHON MEPErpy3KU JJIEKTPUYECKHX CETEM TOKaMH, KOTOPBIE CYIIECTBEHHO
IPEBBIIAIOT AOIMYCTUMYIO JUISl JTAaHHOTO BHJA M CEYEHUH IMPOBOJHHUKOB HOPMY,
IIPOUCXOAUT €€ TEIUIOBOE CTapEHHUE.

[Ipu 3amplkaHuM oOpa3yeTcss dJIeKTpUYecKas Jayra - YCTOWYHBBIM
ANEKTPUUECKUI  pa3psl  MeXIy JBYyMsS  METAUIMYECKHUMH  3JIeMEHTaMu
AJIIEKTPOYCTAHOBKHA, B KOTOPOM IIPOMCXOJMT WHTEHCHUBHAs MOHM3alUsl Tasa,
IaBJieHue W ropeHue Metawia. DOpPMUPOBAHMIO BJIEKTPUUYECKON  Iyru
MPEAIIeCTBYET KOPOTKMM HECTaMOHApHBIA MpoLecC B MNPOCTPAHCTBE MEXKIY
ANEKTPOJAMU - Pa3pAIHOM MPOMEXYTKe. JIIuTenbHOCTH 3TOro mpouecca
cocrapmster 00braHO ~ 10°+10™ ¢. Temmeparypa smekTpHuecKkoil Ayrd OGBITHO
cocrasisier Temreparypy 1500-4000 °C B 3aBHCHMOCTH OT JaBICHHS M poja rasa,
JUIMHBI Pa3psAHOTO MPOMEXKYTKA, COCTOSIHUS TOBEPXHOCTEMN 3JIEKTPOAOB U T.J.

DnexTpuyeckas Ayra MOXET BOCIUIAMEHHUTH JIt00OH roprouuii Marepual, He
TOJIBKO HEMOCPEIACTBEHHO COIpUKAcasiCb C HUM, HO TaKXe IOCPEICTBOM
W3ITyYCHUs] WU MyTeM pa3OpbI3TUBaHMs PACIUIABICHHBIX YACTHUI[ MeTallia. JTO
HEOOXOJMMO YUYHUTHIBATh, OILICHUBAs] MIPUUYMHHO-CIICACTBEHHbIE CBS3H, MPUBE/IIINE
K I10Xapy.
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XapakTepHbIMU TMPU3HAKAMU OIUIABJICHUS] MTPOBOJHUKOB AYrol KOPOTKOIO
3aMbIKaHUS SIBIISIETCS BbIpaXKEHHAs! JIOKAIbHOCTh. DopMa OIIaBlIeHU MOKET ObITh
mapooOpa3Hoi, OBaJIbHOM, KOHYCOOOpa3HOHM, B BHJI€ KOCOTO WJIM IONEPEYHOTO
cpe3a. Ha mpueraromield K OIUIABICHUIO TOBEPXHOCTH MPOBOJHUKA, MOTYT
HaOMIOAAThCSl MEJIKUE ImapooOpasHblie Kamau Metamia. CylnecTByeT peskas
IpaHUIla MEXIY 30HOM OIUIaBJICHUS W MPUJIETAIONIed K HEel 30HOM MPOBOIHUKA.
Y4acTok JyroBOrO OIUIABJIEHUS OOBIYHO BBITSHYT BJOJIb OCH IPOBOJHHUKA.
[ToBepXHOCTH OIIaBIIEHUA I1a/iKasi - 0€3 ra30BbIX MOP U BHIPHIBOB.

B oTimuume OT OIUIaBIIeHWHA TOKaMHU KOPOTKOTO 3aMBIKAHUS IPOBOJHUKH,
MOBPEXJICHUE KOTOPBIX MPOM30LUIO B PE3YJIbTATE TEPMHUUYECKOTO BO3AECHCTBUSA
N0Kapa, XapaKTepU3ylOTCAd 3aMETHbIMH W3MEHEHHSIMU CEYEHHs IPOBOJHHUKA I1O
JUIMHE ¥ TIPOTSHKEHHOCTBIO PACIUIBIBYATON 30HBI OIUIaBieHUsA. B OoibIIMHCTBE
Clly4aeB aJIOMHUHHMEBBIE MPOBOJAHUKMA HMMEIOT BOJIM3M OIUIABICHHS MPOAOJbHBIE
CKJIAJKA Ha TOBEPXHOCTH, CBUJICTEILCTBYIOIIME O HaWOOJBIIEM HArpeBe u
pacIUIaBICHUM METa/llla TOKOBeAylled Kuibl. OIUIaBI€HUS YacTO HMEIOT
Kareoopa3Hyto (GopMy, BBITIHYTYIO MO HalpaBIECHUIO JEHUCTBUS CUJIbI 36MHOTO
TATOTEHUS.

[Ipy KOPOTKOM 3aMBbIKAHHH HArpeB MPOBOJHUKOB MPOUCXOIUT IPAKTUYECKU
MTHOBEHHO, U YKa3aHHBIX IPU3HAKOB HE 00pa3yeTcs.

Ecnu  omnnaBneHud  HECKOJIBKO - HEOOXOAMMO IMPOCMOTPETh  BCIO
ANIEKTPUYECKYIO 1IEeNbh M HAWTH OIJIaBlieHHE, HauboJiee yJajJeHHOE OT MCTOYHHKA
AIEKTPOIUTAHHUS.

O HanMuuM aBapUUHOTO PEKHUMA AJIEKTPONPOBOAHUKA MOYKHO CYJIUTh U MO
coctostHuto n3ossuu. [Ipu Hammuuu ceepxtoka (K3) uzomnsuust orcianBaeTcs OT
YKUJTBI U JIETKO CHUMAETCS, U, HA0OOPOT, IPU HArpeBe U30JSAIUU TOPSIYUMHU ra3aMu
Ha TMOXKape OHa MOXET pa3MsrdyarhbCcsi, T€Yb, HO B OCHOBHOM OYJI€T IUIOTHO
npuseraTh K npoBoanuky[10].

KopoTtkne 3aMmbIKaHUsA MOTYT ObITh IEPBUYHBIMU U BTOPUYHBIMH

[IepBrYHBIMM HaA3BIBAIOT KOPOTKHUE 3aMBIKAHUS, ITPOU3OLIEAIINAE 10 TOXKapa
WJIM HA HAYaJIbHOU €T0 CTAIMU U MOTYIIUE ABUTHCS PUUYUHOMN TTOXKapa.

BTopuuHbIMH Ha3bIBaIOT KOPOTKUE 3aMbIKaHUsSA, IOSBUBIIMECS B XOJI€
noxkapa, Korja W30JIIUsl MPOBOJOB MOBpExIeHa moxkapoM. Bropuunsie K3 He
ABJISIFOTCS MEPBOHAYAIBHBIMUA NPUYMHAMH 10Kapa, HO CBUAECTEIBCTBYIOT O TOM,
YTO MPOBOJ, HA KOTOPOM OHHM BBISIBIICHBI, HAXOJWJICS MOJI HAMPSIKEHUEM B XOE
noxkapa.

JIOTIOTHUTENIBHBIMA TPU3HAKAMU MPUYACTHOCTA KOPOTKOTO 3aMBIKAHUA K
BO3HUKHOBEHHUIO TMOKApA SBIISIIOTCS KOCBEHHbIE (PAKTOPBI, CBUIECTEILCTBYIOIINE
O CYILIECTBOBAaHUM aBAPUIHBIX PEKUMOB:

- cpa0aTblBaHUE  AJICKTPUYECKUX  3alIUTHBIX  amnmapaTtoB  (TJIaBKUE
MpEeAOXPaHUTENN, AaBTOMATHI);

- HeHOpMaJIbHOE (YHKIIMOHWPOBAHUE DJIEKTPOYCTAHOBOK (MUTAHHUE CBETA,
nepeHanpspKeHne, HeyCTOMUMBas paboTa JIEKTPOIBUTATENIEH - TY/ICHHE);

- CIUIABJICHUE KOHTAKTOB KOMMYTAIIMOHHBIX aIllapaToB;

- 3aI1ax pasjararoliencs u30IsUun (TEPMUUYECKOE Pa3I0KEHHE);

86



- puxcanmst u3MEpUTENBHBIMU TpUOOpaMu OpPOCKOB TOKa, KojeOaHui
Hanpspkenus|[10].

6.4 ABapuiiHbIil pe;KuM Neperpy3ku

Ileperpy3ka- mpoxoXKJeHHE MO MPOBOAHUKY, OJJIEKTpoarmapaTry Win
KOMMYTAIlMOHHOMY YCTPOWCTBY pabouyero TOKa, MPEBBIMIAIONIETO IUTEIHHO
JIOITYCTUMBIH.

KopenHoe oTiinune pexruMa KOPOTKOTO 3aMBbIKaHUSI OT PEKUMa NEPErpy3Ku
COCTOUT B TOM, YTO B IIEPBOM CJIy4yae aBapuiiHas CUTyalls BO3HUKAET BCJIEICTBHUE
pa3pylieHus M30JSLHUH, @ BO BTOPOM - SIBJISIETCSL €r0 MPUUYMHON. B HEKOTOpBIX
CllydasiX Meperpys3ka 3JEKTPONPOBOAKMA BO BpPEMs aBAPUIHOIO pPEKUMA MOKET
UMETH OOJIBIIYIO MOKAPHYIO OMMACHOCTh, YEM KOPOTKOE 3aMbIKAHHE.

[Ipy BO3HMKAKOIIKMX B CETH MEperpy3kax Ha BOCIUIAMEHSIOINLYIO
CIIOCOOHOCTH TIPOBOJIOB CYIIIECTBEHHOE BIIMSIHUE OKA3bIBAET MaTepuall KHUJIbI.
[IpoBenéHHBIE B pexXUME TEPErpy3KH MCIBITAHUS YOSIUTENHbHO JOKa3alld, 4TO
BEPOSITHOCTh 3arOpaHus M3OJISIIUKN y KaOenel ¢ MEeTHBIMH KWJIAMH BBIIIE, YEM Y
MpPOBOJOB M3 AJIIOMHHUEBOrO0 Martepuaia. [lpu uCHOBITAHHUSIX Ha KOPOTKOE
3aMBbIKaHHE MPOSIBUIIACH CXOXasg 3aKOHOMEPHOCTh. KpoMme Toro, okaszanoch, 4To
MPOBOJIa M KaOeH B MOJUITUIICHOBOM 000JI0UKE, a TAKXKE MCIIOJIb3yeMbI€ TIPU UX
MPOKJIAJIKE TOJUITHICHOBBIE TPYyObl HUMEIOT OOJIBIIYI0 «CKJIOHHOCTB» K
BO3TOPAHMUIO, YE€M  AHAJOTMYHAas  JJIEKTPONPOBOJIKA,  BBINOJHEHHAas B
BUHUILJIACTOBBIX TpyOax.

Oco00 omacHa meperpy3ka B YaCTHOM HJIOM CEKTOpE, T.€. B JAOMaXx, IJe
OOBIYHO OT OOIIEld >JIEKTPOCETH 3aMHUTaHbl BCE MOTPEOUTENH, a 3alUTHOE
obopynoBanue paccuutano Jwmmb Ha Toku K.3. K Tomy ke, HHMYTO He
MPENATCTBYET KUJIbI[AaM MHOTOKBAPTUPHBIX JKWIBIX JOMOB OECKOHTPOJIBHO
YBEIMYUBATH TOTPEOJIIEMYIO MU MOIIIHOCTb.

OCHOBHBIMM IPUYHHAMU MEPETPY30K SABISIFOTCS:

1) HECOOTBETCTBUE CEUCHHS POBOJHUKOB pabodyemMy TOKY;

2) mapajUieibHOE BKIIOYCHHE B CETh HE MPEIyCMOTPEHHBIX pacuyeToM
TOKOIIPHUEMHHUKOB 0€3 YBEIMYECHHS CEUCHUS MPOBOTHUKOB,;

3) monagaHue Ha MPOBOJIHUKU TOKOB YT€UKH, MOJTHHH;

4) MOBBIIICHUE TEMIIEPATYPHl OKPY>KAIOIIEH CPEIbI.

[locnenHue BpemMs yYaCTWIMCh TIOKapbl, BBI3BAHHBIE IEPErPY3KOM
ANEKTPUUECKUX CEeTe B paHee IMOCTPOEHHbIX naoMax. C TMOsBIEHHE HOBBIX
OBITOBBIX MPUOOPOB, B TOM YKCJIE MOIIHBIX U HUCIOJIb30BaHUS DJIEKTPUUECCKUX
MEPEHOCOK, BO3POCIIa HArpy3Ka Ha AJIEKTPUUYECKUE CETH U, B YACTHOCTU Ha BUJIKU
U PO3ETKH, paHEe Ha TaKHe AJIEKTPUUECKHE TOKU HE paccuMTaHHble. B oTnnumne ot
aBapUMHBIX PEKUMOB, CBSI3aHHBIX C OOJIBIIIUMH MEPEXOAHBIMU CONTPOTUBIICHUSIMH,
KOTJ]a HarpeB MPOMCXOJUT B OJHOM W3 KOHTAKTOB, IIPU MEPErpy3Ke MPOUCXOIUT
HarpeB 00OMX KOHTAKTOB.

JIOTIOTHUTENBHON NPUYUHON JJIMTEIBHOTO MPOTEKaHMsS IO IMPOBOJHUKAM
TOKOB TIEPErpYy3KU SIBISIETCSI HECOOTBETCTBUE allapaToB 3alIUThl CEUYECHUIO
MIPOBOJTHUKOB, U30JISAIIAU, YCIOBUSAM OKPYKAIOIIEH Cpe/bl U CIIOCO0Y TPOKIIAIKH.
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XapakTepHbIM NPU3HAKOM MEPErPY30K IIIEKTPOYCTAHOBOK SBISETCA UX
NOBBINIEHHBIN HarpeB. [Ipu aTom HabmonaeTcs:

1) cierudpriueckuit  3amax  pe3wHbl (Y MPOBOJAHUKOB C  PE3MHOBOM
H30JIALHEH);

2) CHI)KEHUE HaKalla, MOPTaHUE CBETA AJIEKTPUUECKUX JIAMIT;

3) yMeHBIIIEHUE YaCTOThI BpAIllEHUS JIEKTPOIBUTaTENEH;

4) neperpy3ka OKa3bIBaeT HaMOOJEE€ CHIBHOC BIUSHHEC HAa KOHTAKTHBIC
COCJIMHEHHUS W OKOHIIEBAHUS NPOBOJOB, €CIM OHU BBINOJHEHBI HEIOCTATOYHO
Ka4€CTBEHHO.

OCHOBHOI1 3KCIIEPTHBIN ITyTh YCTAHOBJICHUS] HAIMYUS PEKUMA IEPETPY3KH —
pacyer mapaMeTpoB JIEKTPOCETH.

Bepcus o mneperpy3ke OTpaOaThIBAa€TCs CHEUUATUCTOM B CIEAYIOIIEH
MOCJIEIOBATEIbHOCTH

1) HEOOXOMMO  TOCTApaThCsl  BBUSICHUTH ~ CYMMAapHYK  MOIIHOCTh
noTpeduTesei, BKIIOYEHHBIX B IaHHYIO CeTh. VICX0l M3 3TOr0, pacCUUTHIBACTCS
BEJIMYMHA TOKA MEPErpy3KH, ONPEAEIAeTC HOMUHAIBHBIA TOK Ul JTaHHOIO THUIIA
IIPOBOJIHUKA, A 3aTEM IIyTEM CPABHEHHMSI 3TUX BEJIUYUH PACCUUTHIBACTCS KPATHOCTh
HEpPETPYy3KHU.

[Tpu HeOONBIION KPaTHOCTH MEPETPY3KU MPOBOJ I'PEETCs 10 TEMIIEPaTypBhl,
HEJOCTAaTOYHOW JUIsl 3arOpaHusl M30JISILUHM, a IIPU CIMIIKOM BBICOKON KpPaTHOCTH
Kuia MpoBoa OBICTPO MeperoparoT (Kak IJIaBKUM MpeloXpaHUTENb) U N30SI
HE yCIIEBAET 3arOPEThCA.

2) BusyanbHbIM OCMOTPOM BBISBISIIOTCS TPU3HAKKA NEPErpy3kd Ha
MPOBOJIAX.

HarpeB mpoBoJI0B npu mneperpy3ke MPUBOAUT K BU3YaJIbHBIM MpPU3HAKAM,
CXOJHBIM C TEPMUYECKUM MOPAKEHUEM OT BHEUIHETO HArpeBa Mpu Moxape:

- IPOTSHKEHHBIE 30HBI OIIABIICHUS;

- UI3MEHEHHUE ceueHus U (OpMbI MPOBOJA MO JJIMHE.

O HaMuuu mNeperpy3kd B DJIEKTPONPOBOAKE MOXKHO CYIUTh M IO
cocTOsIHUIO M30isIiuu.IIpu Hanuumm CBEpXTOKa Meperpy3kud H30Jsuus Oyner
IUIOTHO TpWJIeraTh K MPOBOAHMKY, U 3a4acTyl0 HMeeT OOYyIJIeHHOCTh C
BHYTPEHHEU CTOPOHBL.

OnHako HE3HAUYUTENBHBIE IEPETPY3KH TOXKE MPEACTABISAIOT OMMACHOCTh. Tak,
npu 65°C pe3suHOBas H3OJIKSA MPOBOJOB BBICHIXAET, TEPSACT OIACTUIHOCTD,
PacTpPECKUBAETCS - BOBHUKAET OMACHOCTh KOPOTKOTO 3aMbIKAHMS.

MoXHO paccuuTaTh TEMIEpaTypy, 10 KOTOPOH MOXKET Harperbcs MpOBOJ
IPU COOTBETCTBYIOLIEM TOKE M YCTAHOBHUTb, MOIJIA JIU MPHU 3TOM OIUIABUTHCS U
3aroperbcsi u3oJsAuMA. M3BEeCTHO, YTO KOJMYECTBO TEIJIa, BBIAEISIEMOTrO
ANEKTPUYECKUM TOKOM B TMPOBOJHUKE NPSIMO MPOMOPIMOHAIBHO KBaJpary
BEJIMYMHBI TOKA, CONPOTHUBIICHUIO NPOBOJHHKA M BPEMEHH IPOXOXKIEHUS TOKA.
Cy1iecTBYIOT ClelMAIbHBIE KOMIIBIOTEPHBIE MPOrpaMMBbl pacdeTa TeMIIEpaTyphl
IIPOBOJIA IPH Neperpyske u Tokamu K3.

3) MHoroe MOHO BBISICHUTH H3 ONPOCA OYEBHUALEB JI0 MOXKAPHOI
oOctaHoBKkH. IleperpeB W30MAIMM BCIEJACTBHE TMEPErpy3Kd COMPOBOKIACTCS
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crienn(UIECKUM 3aIaxoM JOKEHOW Pe3HHBI, pa3iiararolerocs Jiaka, Macesl U T.JI.
CHIDKaeTCsl HaKajl SJIEKTPOJIAMIT, CKOPOCTh BPAIIEHHUS 3JIEKTPOABUTaTENIEH.

Ilpu otpaboTke BepcHii O TNPHYACTHOCTH ABAPHUMHBIX DPEXKHMMOB K
BO3HUKHOBCHHUIO IOYKapa MPOBOIMTCS TINATEIBHBI OCMOTpP MPOBOIOB B 30HE
ropenus u BHe ee[3].

6.5 UcciienoBanue 3J1eKTPONPOBOTHUKOB HA MeCTe MoKapa

Buemrnuit Bu1 npoBooB (KW U U3OJISIMH) TO3BOJISIET OLEHUTH (IIpaBna,
OYEHb MPUOIHU3UTENBHO) MAKCUMAJbHYIO TEMIIEpaTypy HarpeBa MpoBOAa Ha
noskape.

Tam rae uzonanus coxXpaHWiIach, HE U3MEHWJIA I[BET, MEIHBIA MPOBOIHUK
COXPaHUJI YUCTOTY U OJECK MOBEPXHOCTH METalia - TEPMHUECKOTO BO3JICHCTBUS
HE OBLIIO.

[IpenmyniecTBEHHOE OIUIaBJIEHUE U OOYIJIMBaHME M3O0JIALMU MO HApPY>KHOM
NOBEPXHOCTH, KaK MPaBUJIO, SIBJISETCS CIEICTBUEM TEPMUYECKOTO BO3JEHCTBUS
nosapa.

Tam, roe uzonduus OTCYTCTBYET, Ha MOBEPXHOCTH MEAM HMEETCS CIIOU
OKaJIMHBI, TIOJHOCTHIO HE YAAISIEMbIA MPU MPOTUPAHUU TKAHBIO CO CIIUPTOM, HO
KUJIbl U MPOBOJIOKH B KUJIaX MEXaHUYECKH Pa3/ICNAIOTCS - TeMIlepaTypa OTKHUra
osi1a 500-700 °C.

CriekaHne MEIHBIX MPOBOJOK B KHWJIAX, MU3MEHEHHE (HOPMBI M pa3MepoB
CEUYEHHUs, XPYNKOCTh (MPOBOJIOKA JIOMalOTca mocie 2-4  meperu0oB)
CBHMJICTEIBCTBYIOT O TOM, YTO TeMIIeparypa oTxkura 6siia 6osee 900 °C.

3menenne  ceueHWsT Ha  TMPOTHKEHHOM  y4acTKe  MPOBOJHHUKA
CBUICTEIHCTBYET O JOCTMKEHHUH TEMIIEPATyphl MOXKapa B JaHHOM MeCTe TOpsaKa
1050 - 1100 °C.

CreneHb  TEpPMUYECKOTO  MMOPAXKEHHUS  ATIOMUHUEBBIX  MPOBOJAHHUKOB
OTIpPEIENSAETCs MO CIEAYIOINUM MTPU3HAKAM:

- €CJIM M30JISLUSl Ha MPOBOJIE COXPAHUIIACh, & TIOBEPXHOCTh JKUJI OJIeCTAIIAs
U YKCTas, TO TEPMUYECKOTO BO3IEUCTBHUS HE ObLIO;

- €CJIM U30JIALHSA OTCYTCTBYET, U3MEHEHMsI CEUEHUs IO JJIMHE MPOBOJHUKA
HE HAOJNIOMAETCs W, MO CPaBHEHUIO C KOHTPOJBHBIM 00pas3ioM (IMPOBOJIHHUKOM
TAKOro JK€ THUIA, H3bATOM Ha OOBEKTE B 30HE OTCYTCTBUS TEPMUYECKHX
MOPaXCHU W OYUIIIEHHOM OT M30JIALIMH), JTAaHHBIA MPOBOJIHUK Jierue u3rubdaercs,
TO TeMIIepaTypa OTKUra coctapuia mopsaka 400 - 500 °C;

- ecnu HaAOMIOMAeTCs W3MEHEHHWE CEYCHHMS M0 JUIMHE MPOBOJHUKA, TO
TeMIieparypa omxkura cocrasuia 550 - 650 °C.

[Ipy OSKCHEpPTHBIX WCCICAOBAHUAX METAIUTMUECKUX TPOBOJHUKOB CO
clieJaMH OTUIaBJICHUH PEIaloTCs Ba OCHOBHBIX BOITPOCA:

1. IIpousouwnno u onjiaBjieHue NPOBOAHUKOB B pe3yJibTaTe KOPOTKOIO
3aMbIKAHMSl, HHOTO ABAPUIHOI0 peKUMA WIH TEPMHUYECKOT0 BO3JeiCTBUSA
noskapa.

2. Eciiu omnaBieHue mnpousounnio B pesyiabrate K3, 10 ompemeautb
MOMEHT €ro BO3HUKHOBEHHUs (10 MoKapa WM B Mpolecce Mokapa).
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OxoHyaTenbHbIA BBIBOJ O MpUUYMHHOW cBsi3u K3 m moxkapa aemaercs npu
MPOU3BOJICTBE KOMIUIEKCHOM MOKapHO-TEXHUYECKON IKCIEPTU3bI C MPUBIICYEHUEM
pe3ynbTaTOB MHCTPYMEHTAIbHBIX aHATU30B.

BaxxHbpIM sBiSIETCS TakKe U OMNpEACNICHHE CTENEeHH TEPMUUYECKOTO
MOPaXKEHUs CaMOT0 MPOBOJIHUKA OT BO3JICUCTBUS MOXKapa, YTO MCHOIb3YETCS IS
ONpeJieieHHs] 30H  HauOOJBIIMX  TEPMUYECKUX  MOBpexacHui. JlanHas
uHdopMaIus MOXKET ObITh BEChbMa MOJIE3HOU MPH BHISIBJICHUHU ovara rnosapa.

Xapakrepnbie npusnaku K.3.:

Xapaxmepubvle onnasienus Ha MOKOBEOYUIUX YACMAX

[Ipu3HakamMu OIJIaBJICHUS] MPOBOJHUKOB TOKAMHU KOPOTKOTO 3aMBIKaHUS
ABJISIETCA  BBIpAKEHHAsT JIOKAJIbHOCTh. dopma oImIaBieHUNd MOXKET ObITh
mapooOpa3Hoi, OBaJIbHOM, KOHYCOOOpa3HOH, B BHJIE KOCOTO WJIM IOMEPEYHOTO
cpe3a; Ha NpWIEraloled K OIUIaBJICHUIO IOBEPXHOCTH IPOBOJHUKA, MOTYT
HaOMIOAaThCSl MEJIKUE ImapooOpasHble Karu Metawia. CyliecTByeT peskas
IpaHUIAa MEXK/y 30HOM OIUIABJICHUS U MPUJICKAIIEH K HEMl 30HE TPOBOAHUKA.

[IpoBOOHUKM, TMOBPEXKIECHUE KOTOPHIX MPOM30LUIO B  pPE3yJbTaTe
TEPMHUUYECKOTO BO3ACHCTBHS MOXKapa, XapaKTEPUYIOTCS 3aMETHBIMA U3MEHEHUSIMU
CEYEHUs MPOBOJHUKA [0 JJIWHE M MPOTSHKEHHOCTHIO PAaCIUIbIBYATON 30HBI
oruiaBiieHUs. B O0BIIMHCTBE Cily4aeB aTlOMUHUEBBIC MPOBOIHUKU UMEIOT BOJIM3H
OIUIABJIEHUSI MPOAOJIbHBIE CKJIAAKA HAa MOBEPXHOCTH, CBUIAETEIHCTBYIOIIUE O
HanOOJIbLIIEM HArpeBe U PaCIIaBICHUU METaJlJIa TOKOBEAYIIEH KHIIbI.

[Ipu KOPOTKOM 3aMBIKaHHHM HAarpeB MPOBOHUKOB MPOUCXOJAUT MPAKTUUECKU
MTHOBEHHO U YKa3aHHBIX IPU3HAKOB HE 00pa3yeTcsl.

Cocmoanue uzonayuu

O HanmMuuu aBapUHUHOTO PEXKHMA DJIEKTPOIPOBOJHUKA MOXKHO CYIHUTh U IO
COCTOSIHUIO M30JIALMU: NpU Hanuuuu cBepxToka (K.3) uzonsmus orcnauBaercs OT
JKUJIBI U JIETKO CHUMAETCS, M, HA000pOT, IPU HArpEeBE U3O0JIALNUA TOPSIYUMH Ta3aMu
Ha TIOKape OHa MOXKET pa3MsryaThCs, T€4Yb, HO B OCHOBHOM OYJET IUIOTHO
MpPUJIEraTh K MPOBOAHUKY.

Ouenka cmenenu mepmuiecko20 6030eicCmeusi Ha NPOBOOHUK

Ecnu uzonsiius Ha mpoBOJIe COXpaHMIIACh, a TIOBEPXHOCTD JKUJT OJIeCTsIas u
YHUCTasi, TO TEPMUUECKOTO BO3CHCTBUA HE Ob10. Enu n30ms1ust OTCYyTCTBYET U Ha
MOBEPXHOCTU HMEETCSl CJIOM OKaJIMHBbI, YaCTh KOTOPOrO HENb3d YIOAIUTh MpHU
MPOTUPAHUU ITUJIOBBIM CIIUPTOM, HO KUJIBI €Ille Pa3estoTCs, U TPOBOJIHUKUA HE
JIOMAKTCs MpH U3rube, TO Temieparypa oTkura Oeiaa B mpenenax 500-700 °C.
CrekaHue TpPOBOJIOK B KWJIE M M3MEHEHHE CEUYEHUs MPOBOJIOKH MO €€ JJIMHE
IPOMCXOAUT IpH Temrieparype omxkura 6ojee 900 °C u ero npomoInKUTEILHOCTH
He MeHee 40 MUH, MPOBOJHUKHU MPHU 3TOM JIOMaroTcs mnocie 3-4 meperudoB (6
npouecce 8blNOIHEHUA PAOOMbl NPOGOOHUKU He nepezubams!)

N3MeHeHne  ceyeHussT Ha  MPOTSKEHHOM  Y4acTKE  MPOBOJIHHUKA
CBUJIETEJIbCTBYET O JIOCTUKEHUU TEMIIEPATYphl MOXKapa B JAHHOM MECTE MOpsIKa
1050 - 1100 °C.

CreneHb  TEPMHYECKOTO  MOPAXKEHHS  AJIOMUHUEBBIX  MPOBOJHUKOB
ONpeeIIeTCs MO CICAYIOINM TPU3HAKAM:
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- €CJIM M30JISIUS Ha TIPOBOJIE COXPAHUIIACh, a TTIOBEPXHOCTH KU OJIeCTSIIAs
U YKCTasl, TO TEPMUUECKOTO BO3ACHCTBUS HE OBLIIO;

- €CJIM U30JIALMSI OTCYTCTBYET, H3MEHEHHUsI CEUCHHS MO JJIMHE MPOBOJHUKA
HE HaAOJIOMAeTCs] W, MO CPaBHEHUIO C KOHTPOJIBHBIM 00pa3noM (MPOBOJIHUKOM
TaKOro >K€ THUMA, HU3BATOM Ha OOBEKT€ B 30HE OTCYTCTBUS TEPMHUYECKHX
MOPAKEHUU W OYUILEHHOM OT M3OJISIIIUU), TaHHBINA MPOBOJIHUK JIErye u3rudaercs,
TO TeMIIEpaTypa OTKUra cocrapuia nopsaka 400 - 500 °C;

- ecnu HaONMIOaeTcsl M3MEHEHHE CEYeHHS M0 JUIMHE MPOBOJHUKA, TO
TeMIieparypa omxkura cocrasmia 550 - 650 °C

Ilpuznakom HaxodxcoeHus MeOH020 UNU ANIOMUHUEE020 NPOBOOHUKA 6
pedxicume nepezpy3kKuno moKy CiyxuT ¢akT oOyriauBaHUS BHYTpPEHHEH
MOBEPXHOCTU HM30JIALMU (HEMOCPEACTBEHHO MPUMBIKAIONIEH K MPOBOIHUKY) MPHU
HEMOBPEX/ICHHON €€ BHENIHeW dYacTh, NPOTSHKEHHOCTh 30HBI  OIUIABIICHUS,
IpUIUIIaHUE U30JISIUHN K TOKOBEIYLIEH JKuJIe.

Yacto BO BpeMsl MCCIEIOBAHUS AIIEKTPOCETEN MPUXOIUTCS IMOJIb30BATHCS
pacueTHBIMM MeTojaMu. B 4yacTHOCTH, ObIBaeT HEOOXOAMMO OIPENETUTh
BO3MO>KHBIE BEJIMYMHBI TOKOB MEPETPY3KU U TOKOB KOPOTKOTO 3aMbIKaHMSL.

OnpeneneHve BO3MOXHBIX BEIMYMH TOKOB KOPOTKOIO  3aMbIKaHMS
IPUMEHUTEIBHO K KOHKPETHOM 3JIEKTPOCETH C yYE€TOM MECTa BO3HUKHOBEHUS
KOPOTKOT'O 3aMbIKaHUS TO3BOJISIIOT 0XapaKTEPU30BATh €ro MOKAPHYIO OMACHOCTb,
Ha OCHOBE KOJIMYECTBEHHBIX MOKa3aTeneld 00bACHUTh MEXaHU3M BO3HUKHOBEHUS U
Pa3BUTHA ABAPUMHOTO PEKUMA.

CyIiecTBYIOT MHCTPYMEHTAIBHBIE METO/bI MCCIIEIOBAHUS DJICKTPUUECKUX
MIPOBOJHHUKOB, TO3BOJISIONIME YTOYHUTh HalW4Me€ B HHUX CIEJAOB M XapakTepa
aBapUIHBIX PeXUMOB. {7 McciaenoBaHUsl y4acTKH MPOBOAOB C OIUIABICHHUSIMH
HEOOXOMMO U3BATH CIEIYIOIINM 00pazoM.

B nmepByio odepenp mojuiexaT M3BATHIO TPOBOJA C  JIOKAIbHBIMU
OIJIaBJICHUSAMHM C YYacTKOB, HaubOosee YHaJeHHbIX OT HCTOYHUKA IHUTaHUS.
M3bimMaTh Bce MpOBOJAA C MEcTa MoXKapa, B pacdyeTe Ha TO, YTO CIELUAJIUCT caM
pa3bepercsi, Kakue HY>KHbI U BaXKHbI, @ KaKue - HET, HE CIeAyeT.

JUInHA U3BATOrO ydyacTKa IMPOBO/A C OIUIABJICHUEM JIOJKHA ObITh HE MEHEe
35 mm (myume 40-50 mm.), HO y HuKak He Oombiie 0,5 - 1,0 merpa. [IpoBox
U3bIMAIOT B TOM BHJE, B KOTOPOM €ro OOHApYKWJIM, HU B KOEM Ciy4yae He
CKpyuuBasi, He wu3rubas Bo wu30exaHue wuznoMa. I[IpoBoa yHmakoBBIBAIOT,
oopmisiroT u3bsaTue[3].

6.6 Ilopsimok wucciIeIOBaHMS aNNAPATOB YNPABJEHUS] M 3aIIUThI
3JIeKTpoceTei

bomee 20 % Bcex mOXkKapoB, CBS3AHHBIX C  OJKCIUIyaTauuen
AJIEKTPOYCTAHOBOK, TMPUXOJUTCS Ha DJJEKTPUUYECKHE ammaparbl YIpaBlICHUS,
peryJIupOBaHUsI U 3aLUTHIL.

Ha mnpoMbIUIEeHHBIX MNPEANPUSATHSIX B  3JEKTPOYCTAHOBKAX  IIUPOKO
NPUMEHSIOTCSI MarHUTHBIE MyCcKaTeNu. B MarHuTHOM myckarene u3-3a J1e(eKToB
OpU M3rOTOBJICHUHM M HEMPAaBUIBHOTO pPEXMMa SKCIUTyaTaluu (Teperpyska
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MycKaTens, ochaablieHne 3aTsDKKM  KOHTAKTHBIX — COCAMHECHHM, 3arps3HeHHe
KOHTAKTHBIX TIOBEPXHOCTEH U M3HOC TIIaBHBIX KOHTAKTOB).

Jist 3ammTel oT TOKOB K3 W 3HAYMTENbHBIX MEPErpy30K HA OTXOSALIUX
JVHMSX CHJIOBBIX TpaHC(OpMATOpoB, Oarapeil CTaTHUECKUX KOHICHCATOPOB
DJIEKTPOJIBUTATENICH, CBETUJILHUKOB M JAPYTUX BJICKTPOYCTAHOBOK MPUMEHSIOT
TUTAaBKHE TIPEIOXPAHUTEH U BO3YIITHBIC aBTOMAaTHUECKUE BBIKITFOYATEIIH.

JIiss  3aIIUTBI  DJEKTPUUECKUX IIETIe  YCTPOHCTBAMU HEOJHOKPATHOTO
cpabaTeiBaHus  (HEpa3pyMIAOIMIMIACS  DJIEMEHT)  OOBIYHO  MPUMEHSIOTCS
aBTOMATHUYECKUE BBIKITIOYATEITH.

B HU3KOBOJIBTHBIX METSAX TAKKE MPUMEHSIOTCS CAMOBOCCTaHABINBAIOIIIHECS

PETOXPAHUTETH.
CaMOBOCCTaHABIMBAIOLIUIICS IPEIOXPAHUTEND - IIOJIMMEPHOE YCTPOHCTBO C
MOJIOKUTEIbHBIM TEeMIIepaTypPHbIM ko3 pureHTOM CONPOTHUBJIECHHS,

IIPUMEHSEMOE B 3aLLUTE JICKTPOHHOU annaparypsl.

[IpyHUMI OEWCTBHUS OCHOBAH HA PE3KOM YBEJIMYEHHUU CONPOTHUBIICHHS IPHU
MPEBBIIIEHUHA MOPOrOBOTO TOKA, MpOTEKaromero 4yepe3 Hero. COmpoTHBIECHUE B
cpa0oTaBIIEM  COCTOSIHUM  3aBUCUT OT  CIEAylonmx  (akTopoB:  TuUIA
UCIIOJIb3yEMOT'0 YCTPOMCTBA, MPUIIOKEHHOTO K HeMY HarpsikeHus: U U MOIITHOCTH,
paccenBaeMoi Ha yctpoiicTBe Py. BennunHa 3TOro CONpoTHBICHHUS MOXKET OBITH
BbIUKCIIcHA 110 popmyite (6.2):

R, = U?/P, (6.2)

[TonuMepHBII CaMOBOCCTAaHABIMBAIOIINICSA NPENOXPAHUTED MPEICTABISAET
co00l MaTpHIly U3 HEMPOBOJAIIETO TOK MOJUMEPA, CMEIIAHHOTO C TEXHUYECKUM
yIJIEPOIOM. B XO0JIOTHOM COCTOSIHMM NOJIMMEP KPUCTALUIU30BAH, & POCTPAHCTBO
MEXIy KpUCTAJUIaMH  3allOJIHEHO  4YacTUIlaMHU  yriepoja, o0pa3yroIuMu
MHOJKECTBO MPOBOMSAIIMX Lenouek. Eciu 4depe3 npenoxXpaHUTENb HAYMHAET
MPOTEKaTh CIMIIKOM OOJBIION TOK, OH HAUYWHAET HArpeBaThCsi, U B KAKOH-TO
MOMEHT BPEMEHH TOJIUMEp MEPEeXOIUT B aMOpPhHOE COCTOSIHHE, YBEIMUYMBASCH B
pasmepax. M3-3a 3TOro yBenWYEHUs YIJIEPOJAHBIC LENOYKA HAYMHAKOT
pa3pbIBaThCS, YTO BBI3BIBAET POCT CONPOTUBICHUS, W IPEIOXPAHUTEIb
HarpeBaeTcs eile ObicTpee. B KOHIIE KOHIIOB, CONMPOTHUBJICHUE MPEAOXPaHUTES
YBEIIMYMBACTCA HACTOJIBKO, 4YTO OH HAYMHACT 3aMETHO OrPaHWYMBATH
MPOTEKAONIUN TOK, 3allulas, TakuM oO0pa3oM, BHEIIHIOW 1enb. [locie
YCTPAHEHUs 3aMbIKaHMWS, KOTJla MNPOTEKAKOIIAN TOK CHU3UTCSA JI0 HCXOIHOIO
3HAYEHHUS, MPEAOXPAHUTENb OCTHIBAET M €ro COMPOTHUBJICHHE BO3BpallaeTCs K
HAa4YaJIbHOMY 3HAYEHUIO.

[li1aBKuMil NpeJOXPAHUTEIb COCTOUT U3 METALNINYECKOU IIJIABKOW BCTABKU,
MOJJEPKUBAIOIIETO €€ KOHTAKTHOI'O YCTPOMCTBA U KOpItyca. B kauecTBe riaBkou
BCTaBKHU HCIIOJIb3YETCSA OTPE30K ITPOBOJIHHKA co CIIeLIMaJIbHBIMU
XapakTepUCTUKAMHU. JTO MPOBOJHUK OTHOCUTEIBHO MAJIOTO CEYEHHUSI U U3 TAKOTO
CILJIaBa, YTO MPH JOMYCTUMBIX TOKAX HAarpeB IMPOBOJHUKA HE MEPErPEBAET €ro, a
Opy  4Ype3MepHO OOJIBIIUX TIEPETrpeB TMPOBOJHUKA CTOJIb 3HAYUTENIEH, YTO
MIPOBOJHUK PACIUIABISETCS U pa3MbIKaeT 1ienb. BcTaBka nperoXxpaHuTenns 0ObIYHO
OJIHOPa30Basl. B HU3KOBOJIBTHBIX 1(S15:0¢ TaKXKe MIPUMEHSAIOTCS
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CaMOBOCCTAHABJIMBAIOLIUECS TPEAOXPAHUTEIH.

I[lnaBkasi BCTaBKa TPENOXpAaHUTENsE OOBIYHO MPEJCTaBIsET COOOM
CTeKIsiHHYyI0 wid  ¢dapdopoByto  000JOYKY, Ha OCHOBAHMSIX KOTOPOM
pacronaratorcsi KOHTaKTbl, a BHYTPHM HaXOAUTCA TOHKUN NPOBOJHUK U3
OTHOCHUTEJIBHO JIETKOIIAaBKOT0o MeTauia. OnpeneiéHHON cuiie ToKa cpabaThiBaHUs
COOTBETCTBYET OINPEICIEHHOE NTONIEPEUHOE CEYEHNE TPOBOIHKKA. Ecnu cuita Toka
B LENH TMPEBBICUT MaKCHUMaJbHO JOIYCTUMOE 3HAUYEHUE, TO JIErKOIUJIABKUUI
IPOBOJHUK NEPErpeBacTCs M PACIUIABIIACTCS, 3alUIIas LEeNb CO BCEMH €€
AJIIEMEHTaMH OT NIEPErpeBa U BOTOPAHHUS.

[loxxapHas ONACHOCTb MArHUTHBIX IyCKaTEJIEHIPOSBISIETCS B  BUAC
Ype3MEpPHOro IMOBBIIIEHUS TeMmeparypbl aetaneid. HemomycTumoe NOBBILICHHE
TEMIIEpaTypbl KAaTyIIKA B OOJBIIMHCTBE CIy4YaeB CBS3aHO C MOSBICHHEM B HEU
MEXIYBUTKOBBIX K3. DkcrepuMeHTanbHO  yCTAaHOBIEHO, 4YTO IPUYMHOU
MOBBINIEHHOTO HAarpeBa KaTYIIKHM MOXET OBITh TaKXKE YBEIMYCHHE HAIPSHKCHUS
ceTH BhIlIe gonyctuMoro npeaena (105%o0t HomuHanbHOro). UpesmepHslil Harpes
TOKOBEAYIIMX 4YacTed moJy4yaeTcsl IMpH Neperpy3ke IycKaTels, OcCiIa0lIeHuu
3aTSKKM KOHTAKTHBIX COEAWHEHUW, 3arpA3HCHHH KOHTAKTHBIX IMOBEPXHOCTEH M
W3HOCE IVIaBHBIX KOHTaKTOB.

IHoxapHasi ONMACHOCTHL anmapaToB 3alUThl 3aKIIOYAETCS B MOSBICHUU
AJIEKTPUYECKON AYT'M U UCKpOOOpa30BaHMsI MIPHU NEPETOPAHUM IIJIaBKOM BCTAaBKH, a
TaK)K€ B BO3MOKHOCTH HarpeBa TOKOBEAYIMX YacTeil IpH HapyILIEHUH IJIOTHOCTU
KOHTAaKTOB.

YacTto moxapbl SBISIIOTCA pPE3yJIbTaTOM HEHAAEKHOW pabOThl armapaToB
3aIMThl U HaJU4Msl TJIaBKMX BCTaBOK 3aBBIIICHHOIO ceueHusd. Ha mpennpusitusx
TJIABHBIM 00pa30M MPUMEHSIOTCS TpyOUaTsie pegoxpanutenu cepuit [1P-2. [TH-2,
HITH u HIIP. Ilpenoxpanutens [1P-2 (mpegoxpanutens pa300pHbIA) TPUMEHSIETCS
B yctaHoBKax /10 500 B Ha HomuHaibHBIE TOKU 710 1000 A. Ha KoHIIaX OCHOBHOM
yacTu mpenoxpanurtens (GpudbpoBoil TpyOkH) HacakeHbl 00OWMBI C pe3b0oil, Ha
KOTOpbIE HABUHYEHBI KONMAYKU JJI 32)KUMA KOHTAKTHBIX HOXEH, K 3TUM HOXaM
MPUKpEIUICHA IUIaBKas BcTaBka. [Ipu meperopanuu miaBKOW BCTaBKU LIEMb TOKA
pa3phIBaeTCs U BHYTPU TPYOKH 00pa3yeTcs dJeKTpudecKas ayra.

[IpenoxpaHuTeny UMEIOT YCTPOWCTBA NJisi TAlleHUs IyTd, 00pa3yrolmeucs
IIPY PACIUIaBJIICHUU TUIaBKOM BcTaBku. HamOosblliee pacrpocTpaHeHre MOTyYrIIH
KBaplIeBbI€ U Fa30r€HEPUPYIOINE NPETOXPAHUTENH.

B xkBapueBbix npepoxpanurtensix (IIK) marpon 3amonHeH KBapleBbIM
MECKOM, M JAyra racuTcsl IMyTeM YUIMHEHHS, JPOOJICHHS U CONPUKOCHOBEHUS C
TBEPJBIM JTUIIEKTPUKOM.

B rasoreHepupynomux npegoXpaHUTeNsIX Uil TallleHUd  JyTH
WCIIOJIB3YIOTCSl TBEPJIble Ta30reHepupyrome Marepuanbl (pudpa, BUHUILIACT U
np.). Ilon neiicTBueM BBICOKOW TeMIIEpaTyphl IyTd 3HAYMTENbHAS 4acTh (HUOPHI
pa3naraeTcsi W TMEpPeXOAMT B Tra3000pa3HOE COCTOSHHME, MpPU OTOM Ta3bl
CHOCOOCTBYIOT OBICTPOMY TallI€HUI0 AYTH. ['a3oreHepHupyromme npeoXpaHuTeIu
BBITIOJIHSFOTCSI C BBIXJIONOM M 0€3 BBIXJIONA Ta3a W3 MaTpoHa MpuU cpadaThIBAaHUU.
[IpenoxpaHuTenn ¢ BBIXJIONIOM Ta3a W3 MaTpOHA HA3bIBAIOT TAKKE CTPEIAIOIIMMU
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(IICH-10 u TIIC-35), mockonbKy cpaOaThIBAHHE WX COIMPOBOXKIAETCS 3BYKOM,
MOX0KUM Ha OPY>KEHWHBIN BBICTPEIL.

[Ipu mnpaBwIbHOM BBIOOpPE TIUIABKUX BCTaBOK mpenoxpanurenu [1P-2
JIOCTaTOYHO HAJEXHBI B pabore. OQHAKO CllydaeTcsl, YTO U3-3a NMPUMEHEHHUS B
MPEIOXPAHUTENSAX HEKAaJTUOPOBAHHOM MPOBOJOKM B KAaueCTBE IUIABKOW BCTaBKU
MPOUCXOAUT TIporopaHue QGuOPoBOll TPyOKM W OT BBUICTAIONIMX YACTHI]
PacCIUIaBIEHHOTO METajljla BOZHUKAIOT 3aropaHusl.

[InaBkue BcraBku TpyOuaThix mnpenoxpanuteneii HIIH  (maceimHoi
npenoxpanutens Hepa3oopHsiid) u HITP (HackimHON mpemoxpaHuTenh pa300pHBIN)
Ha Takoe K€ HANpsHKEHUE U HOMUHAIBHBIA TOK OT 60 10 200 A BBINOJHSIOT U3
OJTHOM WJIM HECKOJIbKHX MapajulesIbHbIX MEIHBIX NpoBOJOK. [lmaBkas BcTaBka
MOMEIIEHA B 3aKPBITYIO0 (hapPopoByI0 TPYOKY, 3alIOJHEHHYIO KBAPIIEBBIM MECKOM.
[Ipn neperopaHny BCTaBKM Jyra TOPUT B Y3KOM KaHaje, OOpa3oBaHHOM B
pe3yJibTaTe UCIapeHus METaIA IUIABKOW BCTaBKU. ['allleHne Ayru yCKOpSETCs IpH
COIIPUKOCHOBEHUU €€ ¢ KBaplLeBbIM neckoMm. [latponsl npenoxpanureneit HITH ne
MOJICKAT Tepe3apsake M TMpU MEPEeropaHrM IUIABKUX BCTAaBOK JOJKHBI
3aMeHATbCsl HOBbIMU. llatponsl npenoxpanutenesn HIIP MoxxHO MHOrokpatno
nepe3apsikaTh Mociie X cpadaTbIBaHHIM.

B ycranoBkax nmxe 1000 B Manoil MOITHOCTH NPUMEHSIOT MPOOOYHBIE
npenoxpanutenu. B HUX TUTaBkas BCTaBKa MpUMasHa K pe3b0e U HEeHTPaTbHOMY
KOJNA4Ky CMEHHOIO  JJIEMEHTa, KOTOPBI  BBEPTHIBAETCSI B  KOPIIYC
NPENOXPAHUTENS. 3aluTa SJEKTPUUYECKUX CETe IJIAaBKUMH IMPEIOXPaHUTEISIMU
HECOBEpIlIeHHA. Tak, Hampumep, 4acTo IMpU NEPErOpaHUHd OJHOW M3 IUIABKUX
BCTABOK JJIEKTPOABUTATENId HAYMHAIOT paboTarh Ha JABYX (a3ax u OBICTPO
BBIXOJSIT U3 CTpos. Takue MpegoXpaHUTeNId JOBOJBbHO 3(P(HEKTUBHO MPOU3BOIAT
3amuTy anektpocetn auiib npu K3 um Menee 3(d(exkTuBHO - OT meperpysox.
[TonbITKM NPUMEHATH IUIABKHE BCTABKA C BO3MOXXHO MEHBIIMM HOMUHAJIbHBIM
TOKOM cpabaThIBaHMs YXYAIIAIOT UX CTOMKOCTh K KOJCOAHHUSIM TOKOB IMPH MYCKaX,
KpPAaTKOBPEMEHHBIX MEperpy3kax ©u T. . BHavane Takue NpeaoxXpaHUTENU
BBIIEP)KUBAIOT 3TU KOJI€OaHUs], HO MOCTENEHHO M3-3a MOBTOPSIOIIETOCs Mpoliecca
neperpeBa MOBEPXHOCTh IUIABKUX BCTABOK OKHCISAETCS, UX paboyee ceueHue
YMEHBIIAETCS, YTO YCKOpPSET NEPEeropaHve IUIaBKMX BCTaBOK. bouee
COBEPUIECHHBIMU allapaTaMu 3alluThl OT TOKOB K3 1 neperpy3ok B 3JEKTPUUECKUX
CeTSIX SBIJIAIOTCS AaBTOMATUYECKHE BO3AYIIHbIE BbIKIIOYATENU. WX MOXKHO
AMU30AMYECKH HCMOJIb30BATh JJII PYYHOTO BKJIIOYEHUS U OTKIHOYEHUS
anekTpuueckol cetu. [lpm  HenmpaBWIBHOM  MOHTaXX€ M AKCIUIyaTaluu
aBTOMATHUYECKUE BBIKIIIOUATENIN TAKKE MOTYT SBUTHCSI IPUUMHOMN MOKapa, TaK KaKk
IpU pa3pbiBe LENU B HUX BO3HHUKAIOT AJIEKTPUUECKHE UCKPHI U Iyru. Bo3moxkeH
HarpeB UX TOKOBEIYIIUX YaCTEH OT OOJBIINX MEepeXoaHbIX conpotuBiacHuii[10].

Oco0eHHOCTH HCCIeI0BAHUSA PA3JIHYHBIX IVIABKUX BCTABOK

IIpenoxpanntenu tuna [P-2

[Mpenoxpanutenu tuma [IP-2 (pucyHok 6.1) HUMEIOT KOpmyc B BHIC
bubpoBori TpyOku. IlmaBkue »dIEMEHTHI TMPEACTABISIIOT COOOM IIMHKOBBIC
IJIACTUHBl TEPEMEHHOro cedeHus. Ilpu Tokax KOpPOTKOrO  3aMbIKaHUs
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pacIulaBlI€HHEe BCTAaBKM IPOHUCXOJHMT B HECKOJBKHMX Y3KuX mnepemeiikax. [lpu

HEOOJIbIION KPAaTHOCTH TOKOBOM Harpy3kH, pa3pylleHHWE BCTaBKU MPOUCXOJUT

TOJBKO B OJJHOM U3 MEPEUICHKOB, Yalle BCEr0 B CPEAHEN YaCTH TJIIaBKOUW BCTABKHU.
[1naBkue MenHbIe BCTABKU MOTYT OBIThH

TaKkKe UCCIIEOBAHBI METOJ0M o

MeTasorpadumu. Ln |

HpI/I KOPOTKOM 3aMbIKaHHUHN  MCCTO

OTUIABJICHUSI HWMEET PE3KO BBIPAKEHHYIO . LHHKOBAA
TpaHuIly n3-3a B3PBIBOOOPA3HOIO MTACTHHA
paspyLIeHus TJTABKOM BCTABKHU. Ha l J MepeMeHHOr0
BHYTPEHHEU MTOBEPXHOCTH KopIyca "] cedenns
MPEIOXPAHUTENST OOHAPYKUBACTCS OOJIBIIOE

KOJIMYECTBO  MEJIKUX  4YacTul  (OphI3r)
MeTalia.

TTpu meperpyske u K3 uepes Gombioe Pucynox 6.1.I1penoxpanutens [TP-2

MEePEX0IHOE COMPOTUBJICHUE (TaK Ha3biBaeMOM HemosiHoM K3) - uaet MensieHHbIN
HarpeB, OCTENEHHOE MJIaBJIeHHE BCTaBKU. Ha Heil 00pa3yroTcsi MOTEKH, HAIlIbIBbI
MeTasuia. bpeI3ru Ha BHyTpEHHEN MOBEPXHOCTU OTCYTCTBYIOT.

B ycranoBkax Hmwxe 1000 B Manmoil MOUIHOCTH NPUMEHSAIOT MPOOOYHBIE
npefoxpaHuTenu. B HUX 1uiaBkas BCTaBKa NpUIasHa K pe3bOe M LEHTPATBLHOMY
KOJNa4yKy CMEHHOIO  JJIEMEHTAa, KOTOPBIM  BBEPTHIBAETCS B KOPIIYC
IIPENOXPAHNUTENA. 3alIuTa SJIEKTPUUYECKUX CETEH IIAaBKUMH IPEIOXPaHUTEISIMU
HECOBEpILIECHHA. Tak, HampuMmep, 4acTo IpU NEPETOPaHUHU OJHOW M3 IUIABKUX
BCTABOK DJJIGKTPOABUTATENIM HAYMHAIOT padoTath Ha JBYX ¢azax U OBICTPO
BBIXOAST U3 cTpos. Takue nmpenoxpaHUTENn JOBOJBHO 3(PPEKTUBHO MPOU3BOIAT
3alMTY dJIeKTpoceTH Juilb pu K3 u MmeHee 3 PpeKTHBHO - OT meperpy3ok[2].

HoxeBble kepamuyeckue npenoxpanurean tuna [1H-2 (pucynok 6.2) u
Oonee coBpeMeHHBIAI ITTH-33npeacrapnstor
coboii HaumbOoyiee yHOOHbIE U IKOHOMHUYHBIE ‘nepopauna
YCTPOMCTBA 3alIUThl KAOENbHBIX JIMHUM W ol
NEKTPUUECKUX  Lenmed  oT  HeOOJIbIIuX
NEpPEerpy30K M BBICOKUX TOKOB KOPOTKOIO
3aMblKaHUs. PaccuuTaHel Ha HOMHUHAJIBHOE
Hamnpspbkenre 400-690B. Bce KOHTakTHBIE HOXKHU
IpEIOXpAHUTEIIEH W3TOTOBJICHBI u3
nocepeOpeHHON MEIH.

B npenoxpanurensax [TH-2 npumensrorcs
IUIaBKME  BCTaBKM C  METaJUIyprHYECKUM
3¢ dexrom. Berasku [TH-2 - u3 MEIHOM JNCHTEL,  Pycyhok 6.2. [Ipexoxpannrens [TH-2
UMEIed  Ha  JIByX  y4yacTKax  MecTa
YMEHBIIEHHOTO CEYeHMs. MeXy 3TUMHM y4acTKaMU PacroJjliaraeTcsl 4acTh JICHTHI
MIOJTHOTO CEYEHUS JJIMHHOK 6 MM, Ha KOTOPYIO HAHOCHUTCSl Hallailka MeTauia U3
OoJee JIerKOIIaBKoro (0JI0BO, CBUHEI], CIIJIaBa 0JIOBA C KaJIMUEM), YEM OCHOBHOM

MeTasul BcTaBkU. Pusnueckas CylHOCTh METATypruyeckoro 3¢dexra cocTout B
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pacTBOpeHHH OoJjiee TYTOIJIAaBKOIO MeTajllla BCTaBKM B JIETKOIUIABSIIEMCS
metaiie. [Ipuuem pacmiiaBieHue Takod BCTaBKM MPOUCXOIUT IPU TEMIIEpaType
IPUMEPHO B JIBAa pa3a MEHbIIIEH, YeM TeMIIepaTypa IJIaBJIEHHUs] OCHOBHOI'O MeTajlia
BCTaBKH (MeH).

[lpu aBapwmitabix Tokax (l,), KoTopele MeHee 4eM B 4 pa3a MPEBOCXOIST
HopMaTuBHBIH TOK BCTAaBKU  (lyeem), (la/lygem<4), TieperopaHue BCTaBKH
IPOHCXO/IUT B MECTE HANAWKH JIETKOIUIABKOTO CIIaBa, a pH /1, ¢om-> 4 B paiione
Y3KUX NEPEIIECHKOB.

IIpn momamanny npenoxpaHUTENs B 30HY TeMIlepaTypsl mnoxapa Boime 500
°C. MOKET TPOUCXONTH PACIUIABICHUE BCTABOK C METAJUTYPIrHYECKUM 3P dheKToM
0e3 BO3/IeCTBUS TOKA 3a CUET TOJIBKO TEIUIOBOTO BO3ICHCTBHS Mmokapa[2].

6.7. I/ICCJIeIIOBaHI/le aBTOMATHYECKHX BbIKJIIOYATEIeH

bonee COBCPIICHHBIMU allllapaTaMH 3alllUTbl OT TOKOB K3 u IICPCTrpy30K B
QJICKTPUYCCKUX CCTAX ABJIAIOTCA ABTOMATHYCCKHC BO3JYHIHBIC BBIKIFOYATCIIH. Hx
MOJXHO 3IIM30JUYCCKU HCIIOJb30BATH AJIA PYUYHOI'O BKIOYCHHA M OTKIIIOUCHUA
BHGKTpI/I‘{CCKOﬁ CCTH. HpI/I HCIIPAaBHUJIIBHOM  MOHTAXXC W  IKCILIyaTalluu
ABTOMATHYCCKHC BBIKIIIOYATCIIN TAKIKC MOI'YT SABUTHCA HpPI‘-IHHOﬁ IIOoXKapa, TaK KakK
IIpu pa3pbIBC LCIIKM B HUX BO3HHUKAIOT JJICKTPHUYCCKHUC HCKPBI U JIYI'H. Bo3moxen
HarpeB UX TOKOBCAYIIHUX yacTel oT OOJIBIINX IMCPCXOIHBIX COHpOTHBHGHHﬁ.

ABTOMaTHYECKHUH B])IKJ]IO‘IaTeJIL(TaK)KC
Ha3bIBACTCA «aBTOMAT 3alllUTHI», ((321H.[HTHBII>1 aBTOMAaT™T»

' 4
WKW K€ TMPOCTO «ABTOMAT»(PUCYHOK 6.3)COCTOMT U3
’ JTURIIEKTPUYECKOTO Kopmyca, BHYTpH KOTOpPOTO
* - pacrnoJiararoTcsl MOABMXKHBIA M HEMOJBUKHBIM KOHTAKTBHI.
) P [TonBrkHBIN KOHTaKT MIOAIIPYKUHEH, Ipy>KUHA
e J; o0ecrieuMBaeT ycuiaue Uil OBICTPOrO  pacUeIUIeHHUs
v KOHTaKTOB. MexXaHu3M pacueluieHus NpPUBOJUTCA B
g ; NEUCTBAE OAHUM M3 JIBYX DPACLEHUTENICH: TEIUIOBBIM WM
253 DJIEKTPOMArHUTHBIM.
ot TenuioBoli pacuenuTenb MpPEICTaBIsET COOOU
OMMETaNINYECKYIO IUIACTHHY, HarpeBacMyo
PucyHok 6.3. _ IPOTEKAIOIUM TOKOM. IIpM IIPOTEKAHMH TOKAa BBIILE
ABTOMATHYECKHH JOMYCTUMOTO ~ 3HAYeHHWs OMMeETaJUIMdecKas ILIACTHHA
BBIKJIFOYATEh

M3ru0aeTCs U MPUBOIUT B JICUCTBUE TIPYKUHY, OTBO/ISIILYIO
MOABWKHBIA KOHTAKT, pa3pblBasi TEM CaMbIM DJIEKTPUYECKYIO IIenb. Bpems
cpaOaTbIBaHUs 3aBUCUT OT TOKa (BpEMsSI-TOKOBas XapaKTEPUCTUKA) U MOXKET
U3MEHATHCS OT CEKyHJ A0 4aca. MHUHUMaIbHBIA TOK, MPU KOTOPOM JIOJIKEH
cpabaThIBaTh TEIUIOBOM pacleNuTeNb, COCTaBisgeT 1,3 OT HOMHMHAJIBHOTO TOKa
npeaoxpanurenns 10 63 ammep u cBbimie 63 ammep 1,45 OoT HOMHUHAJIBHOTO TOKA
npeaoxpaHurena. B oTiauuMe OT IIaBKOro MNpeloXpaHuTeNsi, aBTOMaTUYECKUI
NpPEJOXPAHUTENIb TOTOB K CIEAYIOIIEMY UCIOJIb30BAaHUIO TIOCJIE OCTHIBAHUS
MJIACTHHBI.

[TapameTpbl aBTOMATUYECKOTO MPEIOXPAHUTENS] MOTYT HU3MEHSATHCS MpHU
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KaXXIOM Cpa0aThIBAHUU U3-3a OOTOpaHUS KOHTAKTOB. DTy OCOOEHHOCTH CIIETYyEeT
YUYUTHIBATH B MPOMBIIIICHHBIX ycTaHoBKax[10].

MaruuTHblii  (MITHOBEHHBII) pacumenuTe]b TPEACTaBIIeT  cobOoi
COJICHOMJI, MOABMXHBIM CEPACYHUK KOTOPOTO NPUBOJIUT B JCHCTBUE MPYKHUHY,
OTBOJIAIIYIO0 TOJBI)KHBIA KOHTaKT. TOK, MPOXOISAIIMH 4Yepe3 aBTOMATHYECKUUN
BBIKJIIOYATENIh, TEUYET 110 0OMOTKE COJICHOU/IA U BHI3BIBACT BTATUBAHUE CEPACUHHUKA
IPU TPEBBIIICHUN 33JJaHHOTO Mopora. MTrHOBEHHBIH paclENUTENb, B OTIUYUE OT
TEIJIOBOT0, CpadaThIBAET OYEHb OBICTPO (IOJIM CEKYHJbl), HO MPHU 3HAYUTEIHHO
OonbpIIEM MpPEBBIIIEHHMH TOKa: B 6 u Ooiee pa3 OT HOMHUHAJIBHOIO TOKa, B
3aBUCUMOCTH OT THUIIAa (ABTOMATHYECKHUE BBIKJIIOUATENN JeasATcs Ha Tumbl A, B, C,
D, E u K B 3aBUCHUMOCTH OT XapaKTEpUCTHKU cpadaThiBaHUs pacuenurenei). Bo
BpEMs paCLEIUIEHUSI KOHTAKTOB MOKET BOSHUKHYTh AJIEKTPUUECKas 1yra, IO3TOMY
KOHTaKTbl UMEIOT 0cO0YI0 (hOpMY U HaXOASTCS B IyrOracUTEIbHOU Kamepe.

HccenenoBanue aBTOMAaTOB JIOJDKHO HAYMHATBHCS C BHUMATEJIBHOTO BHEIIHETO
OCMOTpa.

1) OmnpeneneHre MapKu ¥ HOMHUHAIBHBIX XapaKTEPUCTUK MO HAIIHCAM Ha
KOpIyce.

2) Ilpu paspyumieHuH aBTOMara ONPEACICHUE THIIA W HOMHUHAJIBHBIX
XapaKTEPUCTUK MPOU3BOAUTCS MO rabapUTHBIM pa3MepaM M OCTaTKaM MeXaHU3Ma
pa3MbIKaTeIIs 110 KaTajaory, KOJUIEKIHH.

OCHOBHBIMH TTapAMETPAMU aBTOMATOB, KOTOPBIE IIPH 3TOM HAJ[0 YCTAHOBUTh
- 3TO HOMHMHaJBHBIH TOK TeroBoro pacuenuteast (l,oymens) WIH  TOK
cpabaTbIBaHUs AIEKTPOMArHUTHOTO pacuenuTenst (| cpas onmaon-)

3) dukcanys TMOJOXKEHHS pblYara YIpaBlICHUS (CHapyXH) ¥ MEXaHH3Ma
pa3MbIKartesis (BHYTpH).

He cnenyer menkare pblyaraMM M KHONKAMH, MOCKOJIBKY 3TO HE JaeT
IPAKTUYECKOH MH(POpMAIMM, HO MOXET pa3pylIUTh MEXaHWU3M pacLEHUTENs U
KOHTaKTHBIE IPYMIIbI, €CIIU aBTOMAT 00ropell B X0e moxapa.

Cnenyer NOMHUTB, 4YTO TEIUIOBOMpacUENUTeNlb MOXKETCpadoTaTh MpH
HarpeBe aBTomara 10 Temmeparypbl 160-200°C. XapakTepHbIMH IPH3HAKAMH
TAaKOr0 HarpeBa SBJSETCA IIOSBJIICHHE HAa BCEH IIOBEPXHOCTH KOpIIyca
MEJIKO3EpHUCTBIX B3AYTUI MJIaCTMACCHI.

Ecnu Takue moBpexIeHUs MMEIOTCS, TO aBTOMAaT MOTr cpaboTaTh Kak OT
aBapUIHOTO PEeXXUMa B AJIEKTPOCETH, TAK U OT BHEUIHETO TEIIOBOTO BO3ACHCTBUS,
HO €CJIM DJTOr0 HEeT, a pblyar aBTOMaTa HAXOJUTCA B  IOJOXKEHUH,
COOTBETCTBYIOILIEM aBTOMAaTHYECKOMY OTKIIIOUEHHIO, 3HAYUT B CETU TOYHO ObLI
ABAPUNHBIN PEKUM.

4) OmnpeneneHre MapKu, CCYCHHN TMOJKIFOYCHHBIX K KJIEMMaM IPOBOJIOB,
IUVIOTHOCTH WX COEIWHEHHMs, CJIEOB TOATOpaHUs. Y CTaHABIMBACTCS U
3apUCOBBIBAETCS B BHJIE CXEMbl KOJIMYECTBO NPOBOJOB, MOJCOEIMHEHHBIX K
KQ)KJI0M U3 KOHTAKTHBIX IPYIII HAa BXOJI€ U BBIXOJIE aBTOMATa 3aIUTHI.

CHsiTHe BPeMA-TOKOBOI XapaKTepUCTHKH

Ecnu aBTOMar He HMMEET 3HAYMUTENBbHBIX TEPMUYECKHUX IOBPEKIACHUIA,
HKCIIEPUMEHTAJIbHO METOJOM TOKOBOIO HAarpyK€HHs CHHUMAIOT 3aBUCHUMOCTh
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BpEMEHH cpabaThIBaHUSI OT BEJIMUYMHBI 33/1aBa€MOT0 TOKa aBapUHHOTrO Ipoliecca
(BTX - Bpems-ToKOBast XapaKTepPUCTHKA).

IpusHaku aBapUIHbBIX peKMMOB aBTOMATHYECKHUX
BBIKJIIOUYATE/ e :CBapUBaHNE KOHTAKTOB, HEMOTallleHHAs [yra, BHYTpPEHHeEe
KOPOTKOE 3aMbIKaHUE.

CBapuBaHue KOHTAaKTOB aBTOMAaTa, BO3MOKHO IO CIEAYIOIIUM IPUUNHAM:

1) BIIC - ecnu cuna HaxkaTus NPYKUHBI MEHBIIE, YeM HEOOXOAUMO, JIMOO
NPYKHUHA CIOMAJIACh; MPOU3OIIEN U3HOC KOHTAKTOB;

2) mnportekaHnue nanurenbHoro Toka K3 u meperpeB KOHTakTOB TMpHU
MEXaHUYECKUX HEUCIIPABHOCTSIX WA HEMPABUILHON PETyIUPOBKE PACIICTUTENS;

3) mpoTeKaHue JUIMTEIBHOTO TOKA MEPErpy3KH U MEPErpeB KOHTAKTOB MPHU
BBITOPAHUN TepMOOUMeETaIa, €r0 PacCIOCHUHM WM HEMPAaBHIBHON PEryIHpOBKe
pacuenuTens;

4) Bo3/I€HCTBHUE TeIJIa MOXKapa.

HenoramenHas nyra npoucXouT MpHu:

1) mporexanuu Toka K3 60sbIe npeaenbHOro s JaHHOTO aBTOMATa;

2) cropaHuu, OTUIABJICHUU WM HEMCIPABHOCTU JYyTOTaCUTEIILHON KaMephl.

BHyTpeHHee KOPOTKOE 3aMbIKAaHUE MIPOUCXONUT MPH:

1) mpoGoe (B pe3yabTaTe NMOMa aHusl BIaryd WIH MbUIHN);

2) CHIKEHUHU JUAJIEKTPUUECKUX CBOMCTB U30JISIIUU.

YcrpoiicTBO 3alIMTHOrO OTKJIWYeHUusi (cokp. Y30, Oonee TOYHOE
Ha3BaHHUE: YCTPOUCTBO 3aIUTHOTO
OTKITIOUEHUSI(PUCYHOK 6.4.), yIpaBIsieMoe —
muddepeHuranbHbIM - (OCTaTOYHBIM) TOKOM,  COKP. ¥ )
V30-/1)- MexaHW4YeCKHii KOMMYTAIMOHHBINA armapaT
WM  COBOKYIMHOCTh JJIEMEHTOB, KOTOpbIE MpH L
JOCTIKEHUHM  (TTPEBBIIICHUN ) I[H(b(bepeHuHaJ}LHblM F
TOKOM 3aJJaHHOTO 3HAYEHUSI MPU OMNpPEIETEHHBIX =
YCIOBUSX AKCIUTyaTaluu JTOJKHBI BbI3BATH
pa3MbIKaHME KOHTAKTOB. MOXET COCTOATh U3 ‘
Pa3JIMYHBIX OT/IEJIbHBIX AJIEMEHTOB, MPEIHA3HAYEHHbBIX £e @
Uit OOHapy)XeHHs, U3MEpeHHs (CpaBHEHUS C
3aJlaHHON BEJIMYMHON) nu]PepeHInaIbHOTO TOKa | PucyHok 6.4. YcTpoiicTBo
3aMbIKaHUA U PasMbIKaHUs DICKTPHUYCCKOH HEMH  34111THOTO OTKITIOUCHUS
(pa3beIMHUTEIIS).

OcHoBHas 3agaya Y30 - 3alIuTa 4elioBeKa OT MOPAXKEHUS AIEKTPUUYECKUM
TOKOM M OT BO3HUKHOBEHHS TI0Kapa, BBI3BAHHOTO YTEYKOW TOKa 4Yepes
M3HOUIEHHYIO U30JISIIUIO TPOBOJIOB U HEKAYECTBEHHbBIE COCIMHEHUS.

[IInpokoe MpUMEHEHHE TaKXKe MOJYyYUSId KOMOWHHMPOBAHHBIE YCTPOUCTRBA,
coBMmemawmme B cede Y30 W yCTpOWCTBO 3alllUThl OT CBEpPXTOKa. Takue
ycTpoiicTBa HazbiBatoTcs auddastromar. Yacto auddaBToMarhl cHaO)aroTCs
CIIEUAIIbHOW WHIWKAIMEH, IIO3BOJISIIOIIEN ONPENAEIUTh, 110 KaKOW TNPUYUHE
MIPOU30IILIO cpadaThIBaHUE (OT CBEPXTOKA UK OT AU((HEPEHIINATHHOTO TOKA).

[Tpunmmn pa6otel Y30 OCHOBaH Ha W3MEpPEeHUH OajlaHCa TOKOB MEXIY
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BXONSIIMMA B  HETO  TOKOBEAYIIMMH  TPOBOAHUKAMU C  MOMOIIBIO
nuddepennpanbHoro Tpancpopmaropa Toka. Ecim GanaHC TOKOB HapylleH, TO
Y30 HeMeUIeHHO pa3MbIKaeT BCE BXOJSAIIME B HEr0 KOHTAKTHBIE TPYMIHI,
OTKJIIOYasi, TAKUM 00pa3oM, HEUCIIPABHYIO Harpy3Ky.

OO6HapyxeHue TOKOB yreuku rnpu nomoiy Y30 sBIseTcs TONOJHUTEIbHBIM
3aIUTHBIM MEPONPUAITHEM, a HE 3aMEHOM 3alIUThl OT CBEPXTOKOB MPU MOMOIIU
npenoxpanurenei, Tak kak Y30 HHMKaKk He pearupyeT Ha HEHCIPAaBHOCTH, €CIH
OHH HE COIPOBOKIAIOTCS YTEUKOW TOKa (HApuMep, KOPOTKOE 3aMBbIKAaHUE MEXKITY
(dha3HBIM 1 HYJIEBBIM ITPOBOTHUKAMH ).

Y30 c orkmovaronuMm auddepeHnmansHpiM TokoM mopsiaka 300 MA u
Oonee WHOTJA TPUMEHSIOTCS JUISI 3allUThI OOJBINX YYaCTKOB DJICKTPUUCCKUX
ceTeil (HampuMmep, B KOMITBIOTEPHBIX IIEHTpax), TJe HU3KUA MOPOT TPHUBET OBl K
JIO)KHBIM ~ cpabaThiBaHUSIM. Takue HHU3KOUYBCTBUTEIbHbIE Y30 BBINOJHSIOT
NPOTUBOMNOKAPHYI0 (PYHKIUI0O U HE SBISAOTCS 3(PQHEKTUBHOM 3alIUTON OT
nopakeHus aekTpruiaeckuM Tokom[10].

6.8 ABapuiiHblil pe:KUM 00JILIIIOT0 MEPEeX0IHOT0 CONPOTHBJIEHUSA

BroisiBiienne NPU3HAKOB NPUYACTHOCTH K noxapy
3JIEKTPOYCTAHOBOYHOI0 U KOMMYTAIIMOHHOT0 000PY/10BaHUS

Boabmoe nepexomnoe comporuBjenue (bIIC) - sTo compoTuBieHue
ydacTKa 3JIEKTPUYECKON IeNH B MECTE COCIWHCHHS OTACIBHBIX €€ DJIEMCHTOB,
KOTOpPOE TIPH HETPABWJILHOM UCITOJITHCHUH CTAHOBUTCS BBIIIIE COMPOTUBIICHUS TIETTH
HEIIOCPEICTBEHHO JIO0 3TOr0 M IOCJIE 3TOro ydacTka (pHCcyHOK 6.5). Bombrme
MIEPEXOAHBIC COMPOTUBIICHUS BOSHUKAIOT B CIACAYIOIMINUX CITydasx:

1) HempaBWJILHOE BBHITIOJHEHHWE KOHTAKTHOTO coemuHeHus. CoenuHEHHE,
OTBETBJICHUEC M OKOHIICBAHHE JKWJI MPOBOJOB M Kabelel MOKHBI TMTPOU3BOIUTCS
IIPY TIOMOIIIN ONIPECCOBKU, CBAPKH WITU CKUMOB (BUHTOBBIX, OOJITOBBIX, U T.II.);

2) OKHUCJICHHE MECT COCIMHCHUS,

3) BuOparus IeKTPOoOOOPy10BaHNUS;

4) HaAJIOMBI TOKOBEAYIIUX KHUJ, YTO XapaKTEPHO TJIaBHBIM 00pa3oM s
AITFOMUHUEBBIX JKUJI.
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Pucynox 6.5Kommyrarnmonnsie uznenus co cienamu BIIC

COCI[I/IHGHI/I}I C QJIIOMUMHHCBBIMH IIPOBOJaMH Oouee OITaCHbI, HCXKCIIN
COCANMHCHUA C MCOHBIMHU IIPOBOJAaMH, T.K. aJIFOMUHMHI 06HaI[aGT CITOCOOHOCTBIO
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«BBITEKATH» U3-110J] BUHTOBOTO KOHTAKTa, & B MECTaX CKPYTOK Ha aTOMUHUEBBIX
MPOBOJIAX MIIOXOM KOHTAKT 00pa3yeTcst h3-3a OKCUIHOM MIJICHKHU.

XapakrepHsie npusHaku bIIC:

1) BBICOKMI HAarpeB MECT KOHTAKTHBIX COCAMHEHHH, YTO MOYET MPHUBOJIUTH
K OOYIJIMBAaHUIO M3OJIALIMM, TMOSBICHUIO IIBETOB IMOOEKAIOCTH HA CTAIbHBIX
JIETaJIIX KOHTAKTHOTO COECIUMHEHHS.

ITockoJIbKy TIpM  MOCJIEIOBATEIbBHOM COEAUMHEHWU DJJIEMEHTOB  LIEMHU
BEJIMUYMHA CWUJIBI TOKa OJMHAKOBa Ha BCEX €€ YYacTKaX, TEIUIOBBIJEICHUE Ha
OOJBINX MTEPEXOTHBIX COMPOTUBIICHUSAX TOPA3A0 OOJIBINE, YeM B OCTAIBLHOM IICTIH.

Brinenenne Temia Ha IUIOXOM KOHTaKTe MPUBOAUT K KapOOHHU3AIUU
M30JIAIIMM U, KaK CIEJICTBHE, K YXYIUIEHUIO €€ M3OJSIHUOHHBIX CBOMCTB.
Bo3HUKaIOT TOKM YTE€UKM 4epe3 KapOOHU30BAaHHYIOU3OJISIIIUIO U MPOUCXOAUT €€
emie Oonbimii pazorpes. IIpoliecc mpuHUMAaeT JaBUHOOOpAa3HBIA XapakTep U, B
KOHEYHOM CUE€TE, IPUBOJUT K BOSBHUKHOBEHUIO TOPECHHUS;

2) HarpeB MOXET OBITh CTOJIb BBICOKMM, YTO MPUBEAET K OIJIABJICHUIO WU
CBApUBAHUIO KOHTAKTOB, B TOM YHCJIE€ U KOHTAKTOB KOMMYTAllMOHHBIX alllapaToB;

3) 3aBenoMO caObli KOHTAKT MOKET OBITh BBISIBICH M0 KOHCTPYKTHBHBIM
OCOOEHHOCTSIM KOHTAaKTHOT'O COEJMHEHUS, CTENEHU TMOJ/KATHS, YTO ONpPEACIISIeTCs
MyTEM CPaBHEHUS JUAMETpa MPOBOAA, WA TOJIMIMHBI HAKOHEYHHKA C Pa3MepoM
3a30pa B OOJITOBOM COEIUHEHUH.

Ilpu3naku, gviaenaemvle no c6UOEmMeNbCKUM NOKAZAHUAM:

4) MopraHue cBeTa JaMIIO4YeK, HeyCToNYrBas paboTa moTpeOuTenei;

5) UCKpeHUEe KOHTAKTHOT'O COCIMHEHUS J0 MOXKapa;

6) MOsIBJICHUME WHOT/A 3alaxa Wid Jaxe JbiMa J0 MoXapa (3TOT MPHU3HAK
MOXET MPOSIBIISATHCS B TEUECHUE HENIENIb WK JIaXKe MECSIIIEB JI0 TOXKapa).

Koceennvie npusnaxu BIIC:

7) NOKaJIbHBIE TEPMUUECKUE TIOPAKEHUSI MATEPHAJIOB B OKPYKAIOIICH 30HE;

8) HU3Kas AMHAMHUKA Pa3BUTHS MPOIIECCa.

[Iponecc Bo3HHMKHOBEHMSI ropeHuss B pe3yiabrate bIIC pa3BuBaercs
JIOCTaTOYHO [JIMTENIbHO - JIHU, HEJEIH, MECSAIbl U MOXET OBITh JOJIT0 HE
3aMEUCHHbIM. BHe3amHOe BO3HMKHOBEHHE M OBICTpOE, MHTEHCHUBHOE Pa3BUTHE
ropenus - He cBoiictBeHHBI 711 BIIC. Haubonee vacro aBapuiinbiii pesxkxum BIIC
BO3HUKAET HA KOHTAKTaX »JJEKTPOYCTAHOBOYHOTO W  KOMMYTAlMOHHOIO
o0opy10BaHUS.

K  »snexkrpoycTaHOBOYHOMY W KOMMYTAllMOHHOMY  O0OpPYJIOBaHUIO
OTHOCSITCSI: IITENCENIbHBIE PO3ETKM W BWIKH, MOHT@XHBIC KIEMMHBIE U
pacracyHble KOPOOKH, BBIKIIIOUATENIM, MEPEKIoYaTeNv, PyOUSIbHUKUA, PYYHbIE U
MarHuTHbIC MYCKATeNH, MaTPOHbI JJEKTPUUECKUX JaMIodeKk U T.M. OCHOBHBIMU
OCOOCHHOCTSIMU TaKOW ammapatryphl, SBISETCS HAJIMYUE B HEH KOHTAKTHBIX
COEIUHECHUM.

CBUACTENLCTBOM PabOTHl ATUX U3JIETUN B aBAPUIHOM DPEKHUME SBIISIOTCS
OOBIYHO CJEeAbl JIOKAJTBHOTO TIEpEerpeBa, WCKPEHUsS U JIyrooOpa3oBaHWs,
MPOSIBIISIFOIINECS B BUE:

1) xpynkocTu MeTaliia, €ro ClieKaHUH, BHITUIABICHUU TIPUIIOS;
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2) MOSIBJICHUS Ha CTAIBHBIX JETAJISAX I[BETOB ITO0SKAIOCTH;

3) orutaBJIeHHs HA KOHTAKTHBIX JETaNSIX;

4) or1aBJICHUS KPETIEKHBIX JCTaNCH;

5) cocpe0OTOYEHHBIX OTJIOKEHHUI KOMOTH B MECTaX HEIUIOTHBIX KOHTAKTOB;

6) TposBIECHUS MeTaUTypruueckoro »sddexkra B MecTax KOHTaKTa
Pa3IMYHbIX METAJIJIOB,;

7) TEpPMUYECKOTO pa3pylICHUS HW3O0JSLUMA M OIUIABJICHUS TOJBOASIINX
IIPOBOJIOB BOJIM3U KPEIUJIEHUS K YCTAHOBOYHOMY 00OpY/I0BAHMIO;

8) 2JEKTPUYECKON 3PO3UM KOHTAKTUPYIOIIHMX 3JIEMEHTOB, 4 MHOTJAA M UX
CBAapUBaHUA 3JIEKTPOAYIOM, SIBISIOIIETOCS CJIEACTBHUEM IOCTENEHHOrO IMepexoia
VCKPEHHUS B MUKPO JIEKTPOAYTY. ITO SIBJIEHUE OCOOEHHO OMAaCHO JIJIi KOHTAKTHBIX
IPYNIl  aBTOMATHYECKUX BBIKIKOYATENEM W MarHUTHBIX IIyCKaTeneu, T.K.
CBAapHBaHUE KOHTAKTOB (MOJBIMXKHBIX M HEMOJBHKHBIX) TMEPEBOAUT ammapaTr B
IIOCTOSIHHO BKJIFOYEHHOE COCTOSIHME U BBIBOJUT €0 U3 CTPOS;

9) dopmupoBaHMM Ha IUIACTMACCOBBIX  JIETANSAX  DJIEKTPOPO3ETOK,
BBIKJIFOYATEIEH MW JAPYIMX HM3IEIUM  CJIENOB TEPMUYECKHX IOpa)XKEHUU
BBIpKAIOMIMXCA B JepopMalMsIX IUIACTMACCHI, €€ KapOOHW3allud, OIUIABJICHUH,
BBITOPAHUH.

[Ipu3Haku MOJKHBI OBITH JOKAJIBHBIMA M OTCYTCTBOBATh Ha HEKOTOPOM
VAQJIEHUU WIA Ha NPWIETAlONIMX AETalsX. B MPOTUBHOM cCiydae OHM JIOJKHBI
BOCIIPUHUMATBCA, KAK CJEIbl TEPMHUYECKOTO0 BO3AECHCTBUA Moxkapa. OO0 3TOM ke
CBUJETENBCTBYET U MPeoOIaJaHle TEPMUUECKUX TOPAKEHUN C BHEITHEN CTOPOHBI
KOpIyca U3AEIHus.

Ba)xHbIM MPU3HAKOM BKJIIOUYEHHOTO COCTOSIHMSI BUJIKM B PO3E€TKY B MOMEHT
BO3HMKHOBEHHUSI W PAa3BUTUSA TMOXKapa SBIAETCS OTCYTCTBME 3aKOMYEHUS Ha
BHYTPEHHUX MOBEPXHOCTSAX KOHTAKTHPYIOLIMX IMOBEPXHOCTEH H3THUX JeTajel, a
Tak)ke Ha MTUPTAX dIEKTPUUECKUX BUJIOK.

Heo6xoaumo y4uThIBaTh, YTO JIOKAJIBHBIE OTUIABJICHHUS] MOTYT BO3HHKATh W
KaK BTOPHYHBIE B XOjJI€ MoOXkapa 0e3 00pa3oBaHMs AYTH, 32 CUET PACIUIABJICHHUS
Metasia B Metauie. OCOOEHHO 3TO TUOUYHO U DJIEKTPOPO3ETOK U
BBIKJIFOYATEJIEH CO CTaJlbHBIMU WM MEIHBIMH KOHTaKTaMH, K KOTOPBIM
MPUCOEANHEHBI ATFOMUHUEBBIE TPOBOJIA.

Bepcuss 0 BO3HHMKHOBEHMHM IIOKapa B pE3yJibTaTe aBapuiHON pPabOTHI
AIEKTPOYCTAHOBOYHBIX M3/IEUN OYEHb CIOXHA IJis A0Ka3biBaHHs. OueHb 4acTo
aBapUiHBIE PEXKUMBI, MPOSIBISIOIIMECS B 3TOM O0OOpPYIOBAHMM, HE TPUBOIAT K
noxapy. I1o3ToMy 0 MpUYACTHOCTU 3JIEKTPOYCTAHOBOYHOTO M3JENUS K IMOXKapy
MO>KHO TOBOPUTH TOJILKO B TOM CIIy4ae, €ClIu:

1) u3nenue umeeT NpU3HAKKU aBapUMHON PabOTHI;

2) HaXOAUTCS B OYare;

3) UCKJIIOYAIOTCS MPOYKE BEPCUU O IPUUHMHE TOXKapa.

[Tone3no Takxke paccMOTpPeTh JUHAMHUKY TOXapa U  OIEHUBATh
MPEANoXapHyt0 00CTAHOBKY 1O MOKa3aHUsIM oueBHIIEB. [Ipu ObIcTpOM pazBUTHH
noxkapa, KaK MpaBujO, BEPCUIO O MPUYACTHOCTHU SJIEKTPOYCTAHOBOUYHBIX M3JIETUN
clieayeT ucKao4arh[3].
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6.9. ABapuiiHble pe;KMMBbI B 3JIeKTPOOCBETHTEIbHBIX NPUOOpax u
aHAJIU3 UX NPUYACTHOCTH K BOBHUKHOBEHMIO MOKapa

OTtpaboTka Bepcuu 0 BOSHMKHOBEHHMH MOKAPA OT JIaMIIbl HAKAJIMBAHUSA

ABapuiiHBIN pEXMM B JamIlaX HaKaJIWBaHUS BO3HUKACT MPU HANPSHKCHUH,
Ha 15 - 20 % npeBbIIAIONIEM pPACUYETHOE, a B OTACNIBHBIX CIy4asx U IIpU
pacyeTHOM HAIpPSKEHUU.

[ToxxapHast OaCHOCTB JIaMIT HAKaJIMBaHUs 00YCIIOBIICHA:

1) BO3MOXXHOCTBIO BO3HUKHOBEHHUS I0Kapa OT COMPUKOCHOBEHHUS (WU
OMacHOTO MNPUOIMKEHUS]) JIaMIbl W TOPIOYETro
MaTepuana;

2) BO3MOKHOCTHIO BO3HHUKHOBEHHS IT0Kapa OT
NOMNaJaHKsl HAa OKPYKAIOIIHUE TOpIOYME MaTepHallbl
pacKaJIeHHBIX AJIEMEHTOB JamIl, 0Opa3yIoIUXcs Mpu
€€ pa3pyLICHUH.

WNHorna k 3TUM JABYM acnekTaMm J100aBisieTcs U
TPETHI:

3) BO3MOXHOCTh ~ 3arOpaHHs TMaTpoHa  WIIH
MUTAONIUX TPOBOJIOB. [3]

Ha pucynke 6.6mnpencraBieHbl  OCHOBHBIC
AJIEMEHTHI JIaMITbl HAaKAJIMBAHUSI.

1 - ko164a;2 — MOJIOCTHEKOIOBI
(BakyyMHUpOBaHHAs WJIM HAIIOJIHEHHAS Ta30M); 3 - TEJIO
Hakana; 4, 5 - 21eKkTpolbl (TOKOBBIE BBOABI); 6 -
KPIOUKHU-JIepKaTEIN Tela HaKaja; 7 - HOXKKa JIaMIIbl; 8 Pucynox 6.6.

- BHEIIIHEE 3BEHO TOKOBBOJA, MPEIOXPAHUTEND; 9 - DieKTprYecKas JIamiia
Kopnyc 1nokodst; 10 - uzonarop mokoss (crekio); 11-
KOHTAKT JOHBIIIKA [TOKOJIS

OTpaboTka Bepcun 0 BOSHMKHOBEHUHM T0KaPa OT JIAMIIbl HAKAJTUBAHUS
HAYMHAETCS C OLICHKU MOTEHIHMAIBHBIX BO3MOKHOCTEHN 3a:KUTaHMUSI.

IIpu oTpaboTKe Tema0BOl BepcHM HEOOXOAMMO OICHUTH TEMIEPATYpPY
HarpeBa KoOJIObI JIaMITbl HJIM OOBEKTOB Ha OINPEACIICHHOM PACCTOSHUU OT JIAMITBI U
COTIOCTaBUTH €€ C MOKAPOONaCHBIMU CBOMCTBAMU MATEPUAJIOB B OYAroBOMl 30HE.

B oOmeM, MOXHO cKa3aTh, YTO TEMIEpaTypbl HAa pPacCTOSHUU 5 CM OT
BKJIFOUEHHBIX JIaMIT HakajiuBaHus MoIIHocThio 200 Bt MoryT Ob1TE 0koo 280 °C.
Temneparypy okoso 240-260 °C umeror gamisl MeHbIneld MomHoct (60-100BT)
HEMOCPEACTBEHHO Ha cBoeil moBepxHocTH. Ha paccrosnum 10 cM oT namibl
HakanuBaHus MouHocThio 200 Bt Temneparypa nHe mpesbimaer 120-140 °C. U3
MPUBEICHHBIX JAHHBIX CJIEAYyeT, YTO OIMACHOCTh MOXKET MpPeACTaBIATh JIMOO
HEIMOCPE/ICTBEHHBI KOHTAKT JaMIIbl CO CrOpaeMbIM MaTepHalioM, JIMOO Harpes
JYYUCTBIM TEIJIOM Ha MaJIOM PacCTOSIHUU - He Ooiiee 5 cM (MakcuMyMm — 10 cM is
Jammbl OONBIION MOIIHOCTH). Ho M mpu AaHHBIX YCIOBUAX MOXKET BO3HUKHYTh
TOJIBKO TJIEHUE CKJIOHHBIX K 3TOMY MaTE€pHUaJOB.

Takum oOpazoM, eciu U3 MaTepuajioB MO0 TMOXKApy CIEAyeT, YTO
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3aropeBIIMICS MaTepHall HaxoAWJcs Ha paccTtosHuMM 15 - 20 cm or ropsmen
JAMIIOYKH WM TJIAMEHHOE TOPEHHUE BO3HUKIIO B CUMTAHHBIE MUHYTBI, BEPCHIO O
IMPUYMHE TO0Kapa OT TEIUIOBOrO BO3ACHCTBUS JIaMIbl HAaKaJIUBaHHUS MOYKHO
UCKJIFOYUTb.

U, Bce ke, BO3MOXKHOCTh BOBHUKHOBEHUSI TOPEHHUS B PE3YJIBTATE TEIJIOBOTO
BO3JCUCTBUS JIaMIIbl HAKaJIMBAaHUS HMMEETCA W HE PENKo. OITO MOXKET
OCYILECTBUTHCS, €CIIM MOBEPXHOCTH JIAMIIBI IMOJTHOCTHIO MM YAaCTUYHO MPHUKPHITA
TEIJION30JIALIMOHHBIM MaTEpPHAIOM, TIPH 3TOM IMPOUCXOAHUT AKKYMYJIALMS TeEIUia,
CHIOCOOHas MMPUBECTH K 3aTOPAHUIO.

[Ipu oTpaboTKe BepCHMM BO3ZHMKHOBEHUS IMOXkapa B pe3yJbTaTe aBapUUHOIO
peXuMa B JaMIl€ HAaKAIMBAaHUSOLEHUBAIOT 3aXKUTAIONIYI0 CIOCOOHOCTh YaCTHUIL
HUKEJIS.

Hanbonee pacripocTpaHeHHBIN aBapUHBIN PEXKUM B JlaMIl€ HaKaJIUBaHUA,
IPUBOAIIMNA K TOKapy - 00pa30BaHUE TYyTU MEXIY HUKEJIEBBIMU AJIEKTPOJaMU B
MOMEHT IEPETOPaHNsI HUTH HaKaJIMBaHUS.

Yaie 3T0 IPOUCXOAUT IIPU MEPEHAIPSHKEHUN B CETH, HO MOXKET CIIyYUTHCS
U TIpU HOpMasibHOM HampsbkeHuu. [oput myra qo 10-15 cexyna. Konba mammbl
paspylaercsi, OpbI3TM CTEKIa W MeTajlla MOIYT IIONacTb Ha CropaeMmsble
MaTepHuabl C COOTBETCTBYIOIIUMHU HIOCJIEACTBUSMH. Bo3Mo)XHOCTB
BO3HMKHOBEHHUS JYrOBOIO paspsza B Jamie, C OJHOW CTOPOHBI, CBsS3aHa C
KaueCTBOM €€ M3rOTOBJIEHUS, a C APYrOd - C KAYECTBOM IMHUTAIOIIETO HAIPSKEHUS
(HaJMYueM MepeHANPSKEHHN).

Pannyc pasnera HUKENEBBIX 4YacCTHIl JOCTUTAET 2,65 METpa, a MPHU B3PBIBE
KoJIObI - g0 3,2 merpa. MHTEpecHO OTMETUTh, YTO pPaaAMyC 30HBI paszjeTa
MPaKTUYECKU HE 3aBUCUT OT MOIIHOCTHU JaMIIbl.

Pazmep kamens Mmeramna npu K3 35eKTpOnpOBOIKM W IUJIABJIEHWH HUTH
HaKaJMBaHMs DIIEKTPOJIAMII JOCTHTaeT 3 MM, a ux temmeparypa - 1500-2200 °C.
HeoOxoauMO OTMETHUTh, 4YTO TOXKApHYIO OMACHOCTh MNPEACTABISAIOT YaCTHIIbI
nuameTtpom Oosiee 0,5 MM, MOCKOJIBbKY 0ojiee MEIKHEe HUMEIOT CIUIIKOM Majoe
TEIUIOCOIepKaHME (3aI1ac SHEPTUN).

BeposATHOCTh 3aKMraHUs HEKOTOPBIX MAaTEpHAIOB B 3aBUCHUMOCTH OT
BBICOTBHl NAJEHUS PACKAJIEHHBIX YACTHI[ Pa3IMYHOTO JAMAMETPA OIpenesieHa
HKCIIEPUMEHTAJIBHO. DTH JIaHHBIE MOKHO HAlUTHU B CIIEMATIbHBIX CIIPABOYHHKAX.

B  KkoHcTpykuuu Jiamm  OOIIEro  Ha3HA4YEeHHUs]  MPEAyCMATPUBAETCS
NPEeIOXPAHUTENIb — 3BEHO U3 (DEPPOHUKENIEBOrO CIUIaBa, BBAPEHHOE B pa3pbIB
OJIHOTO U3 TOKOBBOJIOB M PACIIOJIOKEHHOE BHE KOJOBI JIaMIIbl - KaK MpPaBWIO, B
HOXKe. HazHaueHue npeaoxpanuTesss — NpeloTBPaTUTh pa3pyllieHrue KOOkl Mpu
oOpbIBE HUTH Hakaia B Ipoiiecce padoThl. [[e10 B TOM, 4YTO MpU 3TOM B 30HE
pa3pbiBa BO3HUKAET AJIEKTpUYECKas Ayra, KOTOpas pacIulaBisieT OCTaTKU HUTH,
KaIlJIl PacIIaBJICHHOIO METajula MOTYT pa3pyLIUTh CTEKJIO KOJIOBI M MOCITY>KUTh
npuuuHOM moxkapa. IlpemoxpaHurens paccuuTaH TakuM oOpa3oM, 4YTOOBI TNPHU
3)KWTAHUU YT OH pa3pyliajics IMOJ BO3JEUCTBHEM TOKAa IOYTH, CYLIECTBEHHO
IIPEBBILIAIOIIETO HOMUHAIBHBINA TOK Jamibl. DeppOHUKEIEBOE 3BEHO HAXOJUTCS B
MOJIOCTH, TJIE AAaBJIEHUE PaBHO aTMOC(hepHOMY, a TOTOMY JIyra JIeTKO racHeT. 13-3a
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MaJtoi 3(()EKTUBHOCTH B HACTOSIIEE BPEMsI OTKA3aJIMCh OT MX MPUMEHEHUS.

[Tocie OIEHKM TOTCHIUAIBLHONW BO3MOXKHOCTH 3a)KHTaHUS IPOBOIUTCS
BU3yaJIbHOE U MHCTPYMEHTAJIBHOE UCCIICIOBAHUE OCTATKOB JIAMIIBI.

BBISBISIOTCS TPU3HAKK aBAapUHHOIO PEKMUMa, KOTOPBIH MOXKET OBITH
HICPBUYHBIM, CIOCOOHBIM TPUBECTH K MOXAPY WM BTOPUYHBIM, BO3HHUKIIAM B
pe3yinbrate noxapal[3].

OCHOBHBIE IPU3HAKU aBAPUHHBIX PEXKUMOB CBeIeHBI B Taduile 6.1.

Tabnuma 6.1 [Ipu3Haky NEpBUYHOTO U BTOPUYHOTO aBAPUHHBIX PEKUMOB B
JIAaMII€ HAKAJIMBAHUS

IlepBHYHBIN PEXUM: Bropu4Hblil pexxum:

YaCTHUILIBI HUKEJIS BIASHBI B OCKOJIKU KOJIOBI; po0oii CTEKJIa JIOMATKH,

OIlJIaBJICHHE JIEKTPOJOB U sIBHOE | IPOOOI1 cTeKIa JIUH3bI;

YMEHbILIEHUE UX 10 MAacCe U pa3Mepam; TO K€ U OIUIaBJIEHUE 3JIEKTPOJIOB

IPOIUIABJIEHUE KOJObl YacTULAMHM MeTallla | OTHOBPEMEHHO;

(ecnm kosba coxpaHMIach) COXPaHHOCTh MPEJOXPAHUTEINS ITPU
pa3pylIeHUH CIIUpaJIu.

[IpoGoif nomaTkM U JIMH30YKKM BO3HUKAET TMPU HArpeBe JamIibl 10
TEeMIEPaTyphl, 3HAYUTEIHLHO BBIIIIE HOMUHAILHON, HA KOTOPYIO OHA paccUMTaHa.
CBoiicTBa CTEKJIa TIPU TAaKOM HArpeBe MEHSIOTCS, OHO IMOCTEINEHHO yTPauuBaeT
CBOMCTBa AuMdieKkTpuka. HacTymaer naBUHOOOpa3HbIA MPOLECC YBEIUYEHUSI TOKa
4yepe3 CTEKJIO JIONATKU (JIMH3bI), KOTOPBINA U MPUBOIUT K MpoOoro. Takum oOpazom,
eclM JlaMIla HMeeT MpoOOHM JIOMaTKH, TO OYEBHMJIHO, YTO OHA OblLIa TOJ]
HaIMpsHKEHUEM U JIOCTATOYHO CUJILHO ObLa pa3orpera u3BHE. Takoe BO3MOMKHO
MIPU UCIIPABHOM JIAMIIOYKE, BKJIIOUEHHOW B TOMEILIEHUH, TJI€ TPOUCXOAUT TOPEHHUE.
Jlamma B 3TOM cily4ae SIBHO HE PUYACTHA K TTOXKapy.

BusyansHo mpo0oil JomaTKM BBIMJISAUT KaK 3aTEMHEHHBIM y4acTOK CTEKJa
MEXIy TUIATUHUTOBBIMH BCTaBKaMH, y JIMH3Bl - MEXIy MOJUOACHOBBIMU
Kkproukamu. MHorga mpu mpoOoe JOmaTKH MPOUCXOJUT paciulaBiICHUE CTEKIa,
OTJICJICHUE IITA0MKA U 3JICKTPOJOB OT JionaTtku[3].

6.10 AHanu3  NPUYACTHOCTH K  BO3HHKHOBEHHI0  IOKapa
JIIOMMHECHIEHTHBIX CBETHJILHUKOB

JIFOMUHECIICHTHbIE CBETWJIBHUKH, pa0OTaloImMe B aBapUiHOM PEXUME,
JIOCTaTOYHO 4YacTO CTAHOBATCA NpUYMHOM moxapa. Haubonee 1mmpokoe
OPUMEHEHHE B TPAKTUKE HAlLIM JIIOMUHECLIEHTHbIE PTYTHBIE  JIAMIIbI.
JIroMuHECIIeHTHas ~ JaMma [peACTaBiIsieT Cco0OM  CTEKIAHHYIO  TpyOKy,
3aIlOJIHEHHYIO Pa3peXEHHBIM ra3oM - aproHOM - U pTyThio. Ha KoHIax TpyOku 1Ba
BOJIb()PAMOBBIX 3JIEKTPOAA, KOHIIBI KOTOPBIX BBIBEJEHBI HApPYKy Yepe3 IOKOJIb.
BHyTpeHHsI1 TOBEpXHOCTh TPyOKM TOKpbITa JoMUHOpopamu. K koHmam
AJIEKTPOJIOB MOJBOJAT HANpPSHKEHUE, BBI3bIBAIOIIEE pa3psil MEXKIY JICKTPOAAMH U
UCTIApEHUEM pPTYTH, Tapbl KOTOPOW MalT yIbTpaduOIETOBOE H3IIyYCHUE,
BBI3BIBAIOIINE BUAMMOE CBeueHHE JIOMHHOGMOpa. JIIOMUHECIIEHTHBIE JaMIIbl
cHa0XeHbl Tmyckoperyaupyromiei anmnaparypoit (ITPA), cocrosieit u3 craprepa,

104



Jpoccens U KOHAEH caTopa.

Cama konba JIOMUHECIIEHTHOTO CBETUJIbHMKA HE MPEJICTABIIAET MOKapHOU
omacHOoCcTU. Haubonplryto OnacHOCTh MPEACTABISIIOT HMEHHO  JPOCCENH,
CTapTephl, KOHJIEHCATOPHI.

ABapuiiHbIMM  peXHMAMM B JIIOMHHECHEHTHBIX CBEeTWJIbHHMKAX
SIBJISIIOTCS:

1) cunpHBIN HarpeB Apocceneit u MexkBuTKoBOE K3;

2) K3 B 2IIeKTpOnpOBOJIKE CBETHWJIBHUKOB BCIEICTBUE TEIIOBOTO WIIH
MEXaHUYECKOT0 HapyLIEHUS U30JISILUH.

I'oproueit cpenoy pu TOM SABIIOTCA:

1) roproune MaTepHuaIbl (KapTOHHBIE MIPOKJIAJIKH, U30JISITUS
AIIEKTPOTPOBOJIOB, KOMIAYH/I, 3aIMBOYHAsI Macca Jpoccenieil U TpaHnchopMaTopos,
CBETOPACCEUBATENN);

2) cropaeMble CTPOMUTENIbHbIE KOHCTPYKLUH, Ha KOTOPBIX 3aKperieH
CBETWIbHUK;

3) roprouyre Marepualibl Ha MOy HpU MaJeHUU TOPAIIUX YacTei
CBETOpacCCEeUBaTesl.

OnpeneneHre  OPUYACTHOCTH — JIIOMHUHECLEHTHOTO  CBETWJIBHMKA K
BO3HMKHOBEHHUIO I0OXapa NPOU3BOJIUTCA IIyTEM CpaBHEHHs cocTosiHus [IPA,
HaxXOJAIErocs B 30HE ovara I10)Kapa, U JIpOoCCelled, CTapTepOB, CBETUIIBHUKOB BHE
ouaroBoil 30HbI. ABapuilHomy I[IPA 00BIYHO CBOICTBEHHBI 0O0Jie€ CHUIIbHBIE
TEPMHUYECKUE TTOPAKEHUS - JIOKAJIbHBIE OIUIABJICHUS, BBITEKAaHWE KOMIIAyHJIA, a
TaKxke negopmaliuu Kopnyca CBETUILHUKA B 30HE YCTaHOBKU aBapuiiHoro [1PA u
JIpPYTY€ aHAJIOTUYHBIE IPU3HAKH.

HauOonbias no>kapHas
OIAaCHOCTb 3aKIII04aeTCs B
BOCIUIAMEHEHU U TOPIOYHNX

ANEKTPOU3OJSLIMOHHBIX ~ MaTepHalioB
BCIIEJCTBUE  TeperpeBa  OOMOTKH
ZIPOCCEIsl.

Jlpoccenb TpeacTaBiseT coOoi
HEKOTOpPbI 00BEM TOpIOYEH Cpelibl
(komMmayHz, 3aJMBOYHAs  Macca),
BHYTpHU KOTOPOTO MOMEIIEH
MOTEHIIUATHHBIN HMCTOYHUK
3Q)KUTAHUSl - HarpeTbli OOMOTOYHBIM
npoBoja. M3-3a meperpeBa, crapeHus
W30JISLIH, BCJICJICTBUE
HEKAQYECTBEHHOTO  HM3TrOTOBJICHUS B
JIpoccesie  CO  BPEMEHEM  MOTYT
MPOUCXOJIUTh  3aMBIKAHUS  YacTH
BUTKOB. 3aMbIKaHUE YK€ CEMU
BUTKOB (T.€. Bcero okojo 1 % ot o01iero ux KoJu4ecTBa) MPUBOAUT K MEPETPEBY
Ipoccenis 10 KPUTHYECKOW  TeMmeparypbl, NOpU KOTOPOM HAYMHAKOTCA

Pucynok 6.7. 3aMblkaHH€ BUTKOB JPOCCEIS
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HeoOpaTUMbIE TEIJIOBBIE mpoIecchl. Hambonee BEpOATHO BOCIIAMEHEHUE
Jpoccensi, Kak MoKa3ayl HKCIEPUMEHT, mpu 3aMmblkanuu 78 ButkoB (11,7 % ot
0OIIIeH YUCIIEHHOCTH ), (PUCYHOK 6.7).

IIpu coxpaHeHun B JApoccesie 3aJMBOYHOM MacChl MOXHO OJHO3HAYHO
YTBEPKIATh O HEIMPUYACTHOCTU €r0 K BO3HMKHOBEHMIO Moxapa. [Ipu oTcyrcTBUM
Macchl HEOOXOJAMMO TIIATEIBHO OCMOTPETh OOMOTKY B IIOMCKAaxX CIIEJOB
MEXBUTKOBBIX 3aMbIKAHUM (JIOKAJbHBIX OIUIABJICHUN) (MHCTPYMEHTAIbHBIMU
METO/IaMHU).

Craptep CHy>KUAT JUIsl 3QKUTAHUS JTIOMUHECIIEHTHOM JIaMITbl M BKJIFOUAETCS
napauiebHO JIamme. Y cTapTepa aBapUiHBIM PEXUM PaOOThI BO3HUKACT TpHU
3aMBbIKAHMM KOHTAaKTOB B XOJE€ MHOTOKPAaTHOTO 3aMBbIKaHUSI-PA3MbIKAHUS TPU
BKJIIOYEHHUHM, YTO OOECIEUMBACT [JUTEILHOE NPOTEKAHHWE IIYCKOBOTO TOKa,
neperpeB W IUIABJICHUE MaTepUalioB B KOHTAKTHBIX Touykax. Heobxomumo
OTMETHUTh, YTO CIUINAHUE KOHTAKTOB cTapTepa M MNpoOOH ero KoHAeHcaTopa
OOBIYHO HE BJIEKYT CpabaThIBaHUSI DJIEKTPO3ALTUTHI, T.K. CHUJIa TOTPEOIISIEMOTO TOKA
OTPaHUYMBAETCS APOCCEIEM U OCTAETCsl OJIM3KOM K HOMUHAITY.

Craptep uenecooOpa3HO OCMOTPETh C LETbI0 BBISBICHUS CIUTNIAHUS
(cBapuBaHusi) e€ro KOHTAakTOB. IIpoBepky clWIaHUs KOHTAKTOB  MOKHO
OCYILIECTBUTh  U3MEPEHUEM  AJIEKTPOCONPOTHUBIEHUS  MEXKIYy  BBIBOJAMH
AIEKTPOAOB.

[Tpo6oii koHEHCAaTOpa MPUBOJIUT K TEM K€ MOCIEICTBUAM, UTO U CIIUIIAHUE
KOHTAaKTOB crapTepa. Heo6xoaumo OCMOTPETH u U3MEPUTh
AJEKTPOCONPOTUBIICHHE KOHAEHCATOPOB, BXOAsux B KOMIUIEKT [IPA, ¢ mensro
oOHapyxeHust ux Tmpobos. [Ipoboit koHAEHCATOpa, MIYHTUPYIOUIETO CTapTep,
MPUBOJUT K TE€M K€ IMOCJIEACTBUSIM, YTO U CIUIIAHHE KOHTAKTOB CTapTepa, T.€. K
BO3HUKHOBEHHUIO aBapUHUHOW CUTYallUH.

PryTHBIE Ta3opa3psAlHbIE JaMIIbl - S3JEKTPUYECKUNA HCTOYHUK CBETa, B
KOTOPOM JJII T€HEPALMK ONTHYECKOI0 M3IYyUYEHHS UCIOIb3YETCS ra30BbIi pa3ps
B Iapax pTyTU. PTyTHbIE JaMmIlbl HMCHOJIB3YIOTCS [JISi OCBEUIEHUS OTKPBITHIX
TEPPUTOPUIL,  MPOU3BOJCTBEHHBIX, CEIbCKOXO3SIMCTBEHHBIX M  CKJIAJCKHUX
nomenienuii. Temmeparypa Ha kosoe amsl gocturaer 300 - 400°C [10].

6.11 BbisiBieHHMe TNPU3HAKOB aBapuilHOW  padoTbl  OBITOBBLIX
3JIEKTPONOTpeOuTe el

ABapuiiHble PeXUMbI B OBITOBBIX XOJOAUJILHHUKAX NPOSABJIAKTCA B
BMJIe: 3aMbIkaHug B JABurarene kommnpeccopa, BIIC B mecte mnoakIO4YeHUS
koMmrpeccopa, BIIC B myckoBoM pene, aBapuilHBIX peXHMMax B OJIOKe
TepMmoperynsatopa. llocieqHuii W3 aBapUMHBIX PEKUMOB MOXKET TPUBECTU K
BO3HUKHOBEHHUIO  TOPEHHUs]  BHYTPUM  XOJIOJUJIBHHKA, KOTOpOE  OOBIUYHO
CaMOJINKBUAUPYETCA.

[Mpusnakamu MPUYACTHOCTH OBITOBBIX X0JI0AUJILHUKOB K
BO3HMKHOBEHHMIO MOKapa SBILIIOTCS JIOKAJbHBIE TEPMUYECKUE MOBPEKICHUS Ha
KOPITyCe XOJIOAUIbHUKA HAIIPOTHB aBapHMHOTO arperara (pucyHok 6.8).
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Pucynok 6.8XonoauIbsHUK ¢ TOKaTbHBIMA TEPMHUECKUMU TTOBPEKACHUSIMH

D10 OOBIYHO BBITVIAJIUT KaK JOKAJIbHBIA OTKUT METajla B HW)KHEH 4YacTu
OOKOBOWM CTEHKHM XOJOJWUJIbHUKA. B 3TOM mposBiseTCs KOHIYKTHUBHBIM
TEIUIONIEPEHOC OT aBapuiHOro OJoKa uepe3 MaTepuan CTEeHKH miKada
XOJIOJWIbHUKA. BpIllle 0T 3TOro Mecra, Kak mpaBUJIO BOCXOJAUT 30HA, MO (opMe,
HAIIOMUHAIOIAsl 0YaroBblii KOHyc. OuaroBbiii KOHYC (hOpMUpPYETCS U Ha CTEHAX, Y
KOTOPBIX pAaCIOJOXKEH XOJOAWIbHUK. Ha mony moa XOJOAWJIBHHUKOM B 3TOM
ciydae (Gopmupyercs JIOKaibHas 30Ha TEPMUUYECKUX MOpa)keHul (0O0yrivBaHUE,
nporap). HampoTuB, eciau moiay HpOpPUCOBBIBAETCS HEMOBPEXKICHHBIM YYacCTOK
KBaJpaTHOM (hOpPMBI, MOBTOPSIIONINI (HOPMY HUKHEN MMOBEPXHOCTU XOJIOAWIBHHKA,
TO 3TO CBUJETEIBCTBYET O HENPHUYACTHOCTH XOJOJIMJIbHUKA K BO3HUKHOBEHHIO
noxkapa. B aTom ciiydae X0JIOAWIBHUK 3alUIIa]l YYaCTOK IMOJa OT TEPMHUUYECKOTO
BO3JICHCTBHS.

JJIeKTPO3BOHKH

DNEeKTPO3BOHKHU M0 TUITY BOCIIPOU3BENECHHMS 3ByKa MTOAPA3ACIIAIOTCS Ha!

1 - 3BOHKH C HETIPEPHIBHBIM 3yMMEPOM

2 - 3BOHKU C TPEPHIBUCTHIM 3By4aHUEM (TIPH 3aMbIKAHWH, Pa3MbIKAaHUU
KHOITIKHM 3BOHKA, TaK Ha3bIBAEMbIE 3BOHKHU MEJIOIUYHOTO 0051)

2.1. 6e3 106aBOYHOTO COMPOTUBIICHUS

2.2. ¢ 100aBOYHBIM COMPOTHUBJICHUEM

3 - DIIEKTPOHHBIE

ABapuiiHble PeKMMbI, HX IPU3HAKH

B ycnoBusix HOpMaJIbHOM 3KCIUTyaTalldu AJIEKTPO3BOHKUA HE MPEICTABIIAIOT
MOKAPHON OMACHOCTH. 3BOHKM CTAHOBSTCS MOKApOOMACHBIMU B YCIOBHUSX HX
aBapuitHOM paboThI, KOT/Ia MO LIENH 3BOHKA JUTUTEIIbHOE BPEMS ITPOTEKAET TOK.

Haunbonee omacHbIMU SIBJISIFOTCST 3BOHKU C TMPEPBIBUCTBIM 3BYYaAHUEM,
OCTaJbHbIE MOXHO CYHMTAaThb OTHOCHTENBLHO IMOkapobe3onacHbMU. ONacHOCTh
3aKJII0YAETCS B TOM, YTO MPHU MOCTOSHHO 3aMKHYTOM KHOIIKE B KaTYIIKE 3BOHKA
(coneHone) MpOTEKAET TOK, a 3ByKa HET. JINTENbHBIA TOK BBI3BIBAET MEPErPEB
KaTyIIIKH W MEXKBUTKOBBIE 3aMblKaHUs. JIpIMOBBIZICICHHE HaunHaeTcss Ha 3-8
MUHYTE, Ha 7-24 TNpPOUCXOAUT BOCIUIAMEHEHUE KOpIyca 3JIEKTPO3BOHKA,
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MJIACTMACCOBBIX JIETale BHYTpH HETro. MOTyT Takke HaO0MaThCs BCITBIIIKH
BHYTpH Kopiryca[10].

KBanupukanuonnble NpU3HAKH MOKapa.

- I0’Kap BO3HUK B MPUXOKEH

- MaJjia BO3MOXHOCTb JIPYTUX MPUYUH

- HaJIMYMe MEKBUTKOBBIX 3aMBbIKAaHUHN B COJICHOUIE 3BOHKA

- 3aMaJlaHue€ KHOIKHW, “‘ciaumnaHue” €€ KOHTAKTOB WJIM YMBIIIJIEHHOE
OJIOKUpPOBAaHWE KHOMKH TOCTOPOHHUMH IIPEAMETaMH Ha JUIMTEIHLHOE BpeMs, a
TaK)Xe KOPOTKOE 3aMbIKaHUE B MMPOBOJIAX, HAYIINX OT KHOTKU K 3BOHKY

DJIeKTPOABUTATEJIN.

3a:xkuraresibHasi ClOCOOHOCTh, aBAPUIiHbIE PEKUMBbI, MPUYACTHOCTb K
noxKapy

[ToskapHast OTaCHOCTD AJICKTPUUECKUX MAIlH 00YCIOBJICHA HATMYHUEM B MX
KOHCTPYKIIMU TOPIOYUX MaTepuasioB (OyMmaru, XJIOM4aTOOyMaKHOW U IIEIKOBOM
TKaHe#, TeKCTOJNTa, TeTUHAKCA, JIAKOB U T.J.) U UCTOYHUKA 3a)KUTAHUSI.

OCHOBHBIMM  TIPUYMHAMHM  aBAapUIHBIX PEXHUMOB  JIIEKTPOIBUTATENICH
SBJIIOTCS: TIEPETpy3Ka, MEKBUTKOBBIC 3aMbIKaHHS B OOMOTKAax, 3aMbIKaHUS
OOMOTKH Ha KOPITYC, UCKPBI U TyTH.

IIpuYHUHBI KOPOTKUX 3aMBIKAHUI B JI€eKTPOJABUTATEAX:

KopoTkomy 3aMbIKaHHIO 3HAYUTEIHHO CIIOCOOCTBYET YBIIAXKHEHHE OOMOTOK,
MOTIaIaHAEe Ha HUX TApOB KHUCIOT M IIEN0YeH, TOCTOPOHHHX MPEAMETOB
(METAITUYECKON CTPY)KKH WJIM TIBUIM), CHJIBHBIH W JUIMTEIBHBIN TEperpes,
CTapEeHHE M3OJISAIUN - BCE 3TO MPUBOJANUT K CHIDKCHUIO THUAJICKTPUICCKUX CBOWCTB
U30JISIUH.

IIpu4yuHBI Meperpy3KM JIeKTPOABUTaATE eI :

- HECOOTBETCTBHE MOIIHOCTH AJICKTPOJBUTATENSI MOIIHOCTH IPHUBOIAMOTO
MEXaHU3Ma;

- 00pbIB 01HOM U3 (pa3 u paboTa ABUTATENs OT IBYX (as3;

- IOBBIIIICHHOE TPEHHE B TMOMAMIMIHUKAX (BIUIOTh JO OCTAHOBKH)
(HemocTaTouHas cma3ka, HEMpaBWJIbHAs IEHTPOBKA, MEPEKOC Bajia, 3arpsi3HEHHE
CMa3K BOJIOKHHCTHIMU MaTe€pUaIaMu);

- 3aKJIMHUBAHUE MTPUBOAMMOTO MEXaHU3MA,;

- YXYAIICHWE YCIOBUM OXJaxJACHHs (MOJIOMKA BEHTHIIATOPA, 3aCOpPEHUE
BCHTWJISAIIMOHHBIX OTBEPCTHI U KaHAJIOB);

- MYCKOBBIC TOKH HEIOMYCTHMOW TIO BPEMEHH MPOIOIKUTEIBPHOCTH H3-3a
HECOCTOSIBIIIETOCS WJIH 3aTSHYBIIETOCS MTyCKa,;

- YaCThIC BKJIIOYCHUS U IPOTUBOBKITIOUCHUS (BKITFOUCHHE PEBEPCa).

[IpuumHON TOKapa MOXET SIBUTBHCS TaKXKe TIEPErpeB TOJIITUITHUKOB B
pe3yibTaTe TIOBBIIICHHOTO TPEHUS, TEPETrpeB TMOMMIUITHUKOB MOXET BBI3BAThH
OCTaHOBKY pOTOpa (SAKOpS) SIEKTPUUYECKON MAIMHBI, @ 3TO B CBOIO OYepeb,
BBI30BET JOTIOJHUTEBHBI HArpeB TMOJIIUITHUKOBOTO V374, M TEPErpy3Ky B
O0OMOTKAaXx JBUTATEIIS.

IIpu3naku aBpapuiiHo# padoThbI:

1) TpexdasHble >IEKTPOABUraTeId MPH OOpbIBe OIHOW (a3bl He
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3aIyCKAIOTCA W CWIBHO TyAsaT. Ecmu oOphIB mpomsomien y pabOTaroIIero
JIBUTATEN s, TO TOK CTaTOpa CHJIBHO YBEIMUYUBAETCS M MOXET CrOpeTh 0OMOTKA,
CCII 3alllUTa HE OTKJIIOYUT JBUratesib. CHIDKAIOTCS OOOpPOTHI JBUTATENS, OH
TYIUT, U MOXET BOOOIIE OCTAHOBHTHCSA. M30MAIMsS HAMOTOYHOTO IPOBOJA B
00MOTKax JIBYX (a3 pa3pymiaercs Mo BCeMy CEUCHUI0 OOMOTKH.

2) TIpu HaIMYMKM MEKBHUTKOBBIX 3aMBIKAHUI B CTATOPAX 3JEKTPOABHUraTeeit
HIEPEMEHHOT0 TOKa CIIBIIIHO TyIcHHE U HAOJIF01aeTCs BUOPAIIHSL.

3) DaexkTpoaBUTAaTENM  MEPEMEHHOrNO0  TOKa CO  3HAYMTEIbHBIMH
ME)KBUTKOBBIMU 3aMBIKAaHUSIMH B POTOPE YacTO HE MOAMAIOTCS 3amycky. Ilos
HArpy3Koi JBHMraTelb OCTAHOBUTCI. B MecTax MEXBUTKOBBIX 3aMbIKAHHM, Kak
HPABUIIO, 00PA3yIOTCS XapaKTEPHBIC OILIABICHHUSI

4) Y KOJUIEKTOPHBIX DJIEKTPOIABUraTe/ICH MPU MEKBUTKOBBIX 3aMBIKAHUAX
HAOJII0MaeTCs CHUJIBHOC HCKPCHHME INETOK. IIpM KOPOTKHMX 3aMBIKAHHSIX MOXKET
IPOMCXOIUTH OTUIABJICHUE (BBITUIABICHNE) KOJUICKTOPHBIX IJIACTHH.

[Tocne meperpeBa MOXET BOCIUIAMEHHUTBCS: IbLIb, Kpacka Ha KOpITyce
JIBUTATEIIS, M30JISAIIMOHHBIC MaTepHalbl, CrOPacMbIC YaCcTH KOPITYCOB, M3OJISIIIHS
NOBOIAIIMX KalOesel u mposoaos[10].

6.12. AHaJu3 NPUYACTHOCTH K BO3HUKHOBEHHMI) IOKapa TeMJOBbIX,
MeXaHMYeCKUX U XUMUYECKHX HCTOYHUKOB 3a:KUT AHUS

AHaJIN3 MNPUYACTHOCTH K BO3HHKHOBEHHMIO T0KAapa TeILIOBBIX,
MeXaHMYeCKUX U XUMUYECKHX HCTOYHUKOB 3a:KUT AHUS

B03MOXXHOCTh BOCIZITAMEHEHHUSI TOPIOUMX CPEI W MaTePUaJIOB OT JIFOOBIX
HarpeTbIX TOBEPXHOCTEH (IEKTPUUECKUX WM MEXaHWYECKHX HCKpP, HarpeThIX
MTOBEPXHOCTEH IIEKTPONPHOOPOB U MPOBOIOB, HATPETHIX TMOBEPXHOCTH TPYIIUXCS
JIeTanied MEXaHW3MOB M MaIllMH) ONpEISIsIeTCs HE TOJbKO TeMIepaTypou
HArpeToi MOBEPXHOCTH WJIA YaCTHIIbI, HO i €€ MOITHOCTHIO.

OnHOBpPEMEHHO C HarpeBOM TOPIOUEro MaTephaia WIH TOpIoYed Cpesbl
BCETJla OCYIIECTBIISIETCS TEIUIOOTBOJ OT TPAHUYHOTO K HArpeTO IMOBEPXHOCTHU
CJIOSl MaTepuasa B OCTAIbHONH 00BEM ATOTO MaTepuaia U B OKPYXKAIOUIyIO Cperdy.
3akUraHve  MOXKET TMPOM30MTH  TOJIBKO  TOrJa, KOTJa HMHTEHCUBHOCTH
TETJIOBBIJICJICHUS] CTAHET PaBHOW MHTEHCUBHOCTHU TEIJIOOTBO/IA.

Hns 3toro TpeOyeTcst ONpeAesieHHOE BpeMs, B TEYEHHE KOTOPOIo
WHTEHCHUBHOCTH TEIUIOOTBOJIA, TIOMYUHSIONMIASCS JIMHEHHOMY 3aKOHY, HECKOJIbKO
CHW)KACTCS M3-3a TIOBBIIMICHUS TEMIIEPATyphl YIAJECHHBIX OT TPAHUYHOTO CIIOS
JacTe TOprovero BemecTBa. IHTEHCHBHOCTH TETUIOBBIACIICHUS, ITOAYHHSIONIASACS
OKCIIOHEHITNATLHON 3aBUCUMOCTH, TPH 3TOM IIOBBIIIACTCS, HO TOJIBKO B TEX
Clydasix, KOTJia HarpeToe TEeJIO WM 00JaJaeT TOCTATOYHON HEPrOEMKOCTHIO MIIN
MIOTIOJTHSICT CBOKO SHEPTHIO OT BHEIIHUX MCTOYHUKOB WUIM BCJICIACTBUE MPOTCKAHUS
XUMHUYECKON peakiluy B CaMOM TeJie, WHa4Ye TOBOPS, KOT/Ia €My €CTh 3a CUET Yero
MOBBIMIATHCS. Torma B TEUEHHWE  BCETO  paccMaTpUBAaEeMOrO  BpPEMEHU
MO/IJICP)KUBAETCSL TEMIIepaTypa Teja, MPU KOTOPOH BO3MOXKHO BOCTUIAMEHEHHE OT
HEro0 WMEIONIErocss KOHKPETHOTO Toprouero BemiecTBa. Eciam ke MONIIHOCTH
HArpeToro Tejia Majia HaCTOJBKO, YTO €r0 TeMIiepaTrypa OBICTPO MOHMXKAETCS, TO
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UHTCHCUBHOCTh  TEIUIOBBIIEICHHUSI HE MOXKET «IOTHaTh» HWHTEHCHUBHOCTD
TEIUIOOTBOJIA U 3arOPaHUsl HE IIPOUCXOAMNT.

AHaau3 NPUYACTHOCTH K BO3HMKHOBEHHIO nokapa
3JIeKTPOHArpeBaTe/IbHbIX IPUOOPOB

DneKTpoHarpeBaTeNbHble MPUOOPHl MOTYT NPHUBECTH K BO3HMKHOBEHMIO
1okapa, B OCHOBHOM, B TpeX ciaydasxX (pucyHok6.9):

1) Ilpu BO3HUKHOBEHUHM B DICKTPUYECKOW YacTH NPUOOpa aBapHUHOTO
pexuma padoTsl (K3, BIIC) B HOpManbHBIX YCIOBUAX KCILTYaTALMH;

2) Ilpu pabore mpubopa B YCIOBHSIX, HE MPEIYCMOTPEHHBIX MpPaBUIAMU
SKCIUTyaTallu (HampuMep, padoTa AIEKTPOKUMISTHIBHUKA WM JJIEKTpOUYalHUKA
IIOCJIE BBIKMITAHMS BOJIbI; pabOTa HAarpeBaTEIbHOIO 3JEMEHTA TEIJIOBEHTUIISTOPA
MIOCJIE OCTAHOBKU BEHTHUJISATOPA);

3) [Ipu HarpeBe cropaeMbIX BEIIECTB U MAaTCPUAIIOB, HAXOISAIIETOCS BOJIH3H
OT HarpeBaTeJIbHOTO Nprubopa, 10 TEMIIEpPATyphbl BOCINIAMEHEHUSI UJTU TIICHUS.

B O3HMKHOB eHHe B pabora npubopa e Harp ee Cr opaeMbIX
IJIeK TPHYec K 0it YCIIORHAX, Bel(ecTe 1
yacTi npubopa He IIp ey CMO0 TP eHHBIX MaTepHaJioR 0T

apapHITHOTr 0 ITp aRILIaM# Har peearTesbHOr o
peskiva paboTsr IKCILTy aTalH npubopa
(X3, BIIC) e [0 TeMIIep aTyp bl
HOP MaJIbHBIX B0 CILTaMeHeH s
YCII0BHAX HarpHamep T TJIeHUSA.
3K CILTYa Tl
pafora crmpam
P abora TOHa TeILIOBeHTHIIATOP A
rocJIe B bIKHITaHusA rocJie 0CTAaHORKH
B OOBI BEHTHIIATOpA

Pucynox 6.9Bo3mosxHbIe cTydan BOZHUKHOBEHHS TI0Kapa OT
AJIEKTPOHArPEeBATENbHBIX PUOOPOB

Haunbosiee 4Yacto mnpuyYMHON TMOXAPOB SIBISETCS HArpeB OKPYKArOUIUX
ANEKTPOOBITOBBIE NPUOOPHI MPEAMETOB JI0 TEMIEpPaTypbl BocIiiiameHeHus. Tak,
JUISL  JIEPEBSIHHBIX TOBEPXHOCTEH, BBIMOJIHEHHBIX W3 COCHBI, TEMIIepaTypa
BocmjaamMeHeHus coctaBmsger 255 °C, namg mommdTmiaeHa — 350 °C.
DNeKTpoHarpeBaTesbHbIe MPUOOPHI UMEIOT CUIIbHBIN HArpeB MOBEPXHOCTEN CHU3Y
u ¢ OOKOB. YcyryOJsser moxapoonacHOCTb OPraHWyecKasl MbUIb, OCEHarolas,
HampuMep, Ha JeTalsIX OJJIEKTPOHHBIX OBITOBBIX MPHUOOPOB BO BpeMs HX
IKCILTYaTaLHH.

Cnenyer uMmeTs B BHUAY, 4YTO MaTepHaibl (IIOJHMCTUPOJ, MOJUITHIIEH,
NOJIATIPONWIEH, MOJUBUHUIIXJIOPH, JIAK, F€TUHAKC) HE TOJIBKO TOPIOYH, HO U
TOKCHYHBI, IOCKOJIBKY ITPH UX TOPEHHUH BBIIEISIOTCS BPEAHbBIE IS YEJIOBEKA Ta3bl.
[Tpu narpeBanuu nomuctupoda a0 160-240 °C BeimenseTcs MUAHUCTHIN BOJOPOI.
[Ipu TepMHUUECKOM Pa3JIOKEHUM TOJUBUHUIXJIOpUAA (TIpu Temreparype 228232
°C) BBIAEISAETCS TOKCUYHBIA XJIOPUCTBIA BOAOPO/I.

[Ipu3Haku  NPUYACTHOCTH  BJIEKTPOHArpeBaTeNbHOrO  mpubopa K
BO3HMKHOBEHHUIO TOXKapa (OPMUPYIOTCS KaK Ha OKPYXAIOLIUMX MpeaMerax u
KOHCTPYKIUSAX, TAK M HA HEM CaMOM, a TaK)X€ Ha BHEIIHUX KOMMYTallMOHHBIX
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YCTPOUCTBAX.

[Ipu3Haku Ha OKPY’KAIOIIMX MpEeAMETaxX MPEACTaBISAIOT COOOW JIOKaJbHBIE
pa3pylieHusl B 04aroBo 30He, nporapbl. OOpa3yloTcsi OHM 3a CUET JIJIUTEIBHOIO
(MHOTAa, MHOTOYACOBOTO) JIOKAJILHOT'O HAarpeBa KOHCTPYKIIMH, MPUBOISIIETO K €€
MAPOJIN3Y, TPOTEKAIOIIEMY B PEKUME TIIEHUSA. Tak, BKIFOUCHHBIN AIEKTPOYANHUK,
MMEIOIIMNA METaJUIMYECKU KOPITYC, IOCIE BBIKMIAHUSA BOABI MOXET MOIKEYb
HaxOJSIIEECs TMOJ HUM OCHOBAaHHME. A DIIEKTPOKUIISITWIBHUK B METaJUIMYECKON
KpPY>KK€ CIOCOOEH MOCJE BBIKUIIAHMS BOJAA MOJKEYb PACIOJIOKEHHYIO IOJ HUM
JEPEBSHHYIO0 KOHCTPYKLMIO MpuMepHO yepe3 10-15 MunyT.

[Ipu ananmu3e BepCUU O MPUYACTHOCTH DICKTPONPHOOpa K BO3SHUKHOBEHHUIO
nokapa, BHadajae HEOOXOAWMO TOIBITAThCA BBIICHUTH ObUT JIM JaHHBIA TpuOOp
BKIIIOYEH B CE€Th, HAXOJMIIYIOCA TOJ HampspbkeHneM. HeoOxoaummo Taxoke
paccMOTpETh YCJIOBUSI cpabaThiBaHUs HAa aBAPUMHBIA PEXKUM alllapaToB 3alllUTh
AIIEKTPOCETH, COCTOSIHHE COOCTBEHHBIX 3AIIUTHBIX YCTPOMCTB
3JIEKTPOHATPEBATENBLHOIO MPUOOPA, HAIWYHE U COCTOSHUE TEPMOPETYJIATOPOB,
HaJIMYUE U TOJIOKEHUE BBIKIIOUaTeNsl Ha mpubope. YacTto yke MO COCTOSHUIO
3aKOIMYEHUS] BUJIKM U PO3ETKHM MOKHO YCTAaHOBUTH ObLI JIM BKJIKOYEH NpUOOp B
CETb.

MecTOM  BO3HMKHOBEHMSI  aBapUUHBIX PEKUMOB MOTYyT ObITb U
NIEKTPOLIHYPBI, KOTOPHIE B OTJIMYHAE OT 3IJIEKTPOIPOBOJOB, IPOJIOKEHHBIX
CTal[MOHAPHO, TIOCTOSIHHO MCHBITHIBAIOT NEPEerudbl, NPUBOASALIME, MOPOM, K
u3nomy. OnacHbl B 3TOM OTHOILIEHWHU NPOBOJA C JIMTHIMU BUJIKAMU, KOTOpBIE MPHU
U3BJIICUEHUM U3 PO3ETKM YacTO TSAHYT HE 3a BHIKY, a 3a wmHyp. Iloatomy
TUIATENIBHO HEOOXOJIMMO PACCMOTPETh YYaCTOK IIHypa Ha paccTosHuH 5-10 cMm oT
BWIKU. [IepBUYHBIN aBapUIHBIN PEXKUM Ha DIJIEKTPOILIHYPE CBUAECTENBCTBYET O €TO
INPUYACTHOCTH K BO3HUKHOBEHHMIO T[I0Xapa, a BTOPUYHBIA —  SBIIAETCA
JI0Ka3aTeNbCTBOM TOTO, YTO BO BpeMs MOXapa 3JIEKTPONpHOOp HAXOAWJICS MOJ
HampspkeHueM. OnacHbIM SIBJIEHUEM, NPUYEM YacTO BO3ZHUKAKOUIUM, SIBIIECTCS
pacIUIaBJICHHE  M30JBALMM  IIHypa OT  CONPUKOCHOBEHUS C  TOpAYUMU
MOBEPXHOCTSAMU HarpeBaTeJIbHOTO Mpudopa.

K coxaneHnro, Ha MoOXkapax »>JEKTPOIIHYPbl 4YacTO HE COXPaHSIOTCS.
Msonsiust cropaer, a MeaHas Jkmia npu Temmeparype Bboime 700-800 °C
CTAaHOBUTCSL XPYNKOH M pacceinaercs. TakuMm oOpa3oM, (akT OTCYTCTBHUIO IIHYpa
NUTaHUs DJIEKTponpuOoOpa HE SBISETCSs OCHOBAHMEM Uil BbIBOAA O HE
HAXOXKJEHUU JIEKTpOonprdopa nojJ HanpsLKeHUEM Ha MOMEHT ToKapa.

C npyroil CTOpOHBI, €CIM MPOBOJ HAXOAUTCS B CBEPHYTOM COCTOSIHUU, U B
TaKOM BHJE TMOJY4YUJI TEPMUYECKHE TOBPEXKACHUS, TO 3TO JAET YBEPEHHOE
OCHOBAaHME /i1 OTBOJAa BEPCMU O TMPUYACTHOCTH JIAHHOTO mpubopa K
BO3HUKHOBEHHIO TTokapa [3].

IIpu3HakaMu NPUYACTHOCTH JIEKTPOYANHNKA K MOKAPY SABJIAIOTCH:

1) HanmnumMe XapakTepHOro mporapa IO AHUIIEM 4YalWHUKA W (WJIH)
nedopmanus nHUIA. B 3TOM ciyyae ropeHue BO3HUKIIO B pPe3yJbTaTe TEIMIOBOIO
BO3JICHCTBHSI PACKAJICHHOI'O KOpITyca YallHUKa Ha CTOPAEMYIO IOJICTaBKY;

2) HalW4yv€ JIOKaJbHBIXMPOIUIABICHUI Ha KOpIyce YaWHUKA. 3aropaHue
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IIPOU30IJIO B pE3YNbTATE Pa3yi€Ta pacKaJE€HHbIX YACTHL] pa3pyLIMBLIErOCS

TOHa yepe3 ckBO3HBIE MPOTUIABICHUS KOPITYCa;

3) HanmMuue CleOB IyTU B COEIUWHUTENBHBIX YCTPOMCTBAaX; HapyUICHUE
I[EJIOCTHOCTH PE3UHOBBIX MPOKIIAJIOK B MECTE€ YCTAHOBKH 3JICKTPOHATPEBATEIHLHOTO
AJIIEMEHTa; BHIOPOC pACKAJICHHBIX OpBI3T MeTala 4Yepe3 PaCKPBITYIO KPBIIIKY
YalHUKA.

[Ipu npoBepke Bepcuil BO3HUKHOBEHHS MOXapa OT d3JIEKTPOUYAWHUKOB C
TEPMOPETYNIATOPAaMA W ABTOMATHMYECKUMHU  BBIKIIOYATENSIMA ~ HEOOXOJIUMO
IIPOBEPHUTH HCIIPABHOCTDH ATOW anmaparypsl [2].

AHanu3 NMPUYACTHOCTH K BO3HUKHOBEHHIO MOKAPOB
IJIEKTPOKMIATHIHHUKOB

DNEKTPOKUTIATUIBHUKA TOTPYKHBIE OBITOBBIE BBIITYCKAIOTCS CIETYIOUIUX
tunoB:  OIIM - SIEKTpOKMIATUIBHUK  Masioro  rabapura; OIIO -
ANEKTPOKUMSATHIBHUK OCHOBHOro rabaputa; OIIOT - 3IeKTpOKUISTHIHHUK
OCHOBHOT'O rabapura ¢ TepMOBBIKIIIOUATEIIEM.

B o00o3HaueHUH THUMOB 3JIEKTPOKUISATUIBHUKOB OYKBBI O3HA4YalT: D -
AMEKTPOKUMIATIIBHUK; [1 - morpyxknoi; M - manoro radapura; O - OCHOBHOTO
rabaputa; T - ¢ TEPMOBBIKJIIOYATEIIEM.

DIIEKTPOKUIIATHIBHUKA UMEIOT HEChEMHBIN COEAMHUTEIbHBIN ITHYP JIUHON
1,7 m. DnekrpokunarwibHuku tuna DIIOT nomkHBI UMETh TEPMOBBIKIIOUYATENIN
0e3 caMoBO3BpaTa.

O6Gosnouka MOxkeT ObITh U3 JaryHu, ctanu, meau (0,3; 0,5; 0,7 xkBt) umm
amomunus (1 kBT u 6onee).

AmoMuHUM  He 00JlalaeT BBICOKOW MEXaHUYECKOW MPOYHOCTBIO U
KOPPO3HUOHHOM CTOMKOCTBIO, T03TOMY TOHBI 10BOIBHO OBICTPO BBIXOJAT U3 CTPOSI
U3-3a MoBpexaAeHUs TpyOku. O00I0UKa MOKET pa3pylIaThCsi, CIUPaIb MPOBUCAET
U JIOJITO€ BpeMsi HaXOAUTCA B pabo4yeM COCTOSIHUU.

O6omouka TpyOuyaToro sieKTpoHarpeBatenbHoro snementa (TOHa) wu3
JATYHU U CTAJIM UMEET 3aIUTHOE JEKOPATUBHOE TOKPHITUE, YTO 00ECIIEYNBAET UM
OOJBITYI0 KOPPO3UOHHYIO CTOMKOCTh. Takue KUMATUILHUKH B CHUITYy TEPMHUYECKOM
MOBBIIIICHHON CTOMKOCTH 000JIOUKH MOTYT 0€3 ITOBPEkKISHUM paboTaTh Ha BO3IyXe
10 15 MuHyT.

OO00J104KH U3 CTAld M MEIHBIX CIUJIAaBOB HE Pa3pyIlaloTCs, a 4acTo OYEHb
CWJIBHO HarpeBaroTCs, pa3orpeBarOT €EMKOCTh, B KOTOPOM OHU HAXOJATCA U MOTYT
BbI3BaTh 3aropaHue HArpeTol MOBEPXHOCTHIO. AJIOMUHHUEBAS KPYKKAa €MKOCTbIO
250 MJ1 ¢ HAXOJAIIMMCS B HEH BKJIIFOUEHHBIM 3JICKTPOKUMISATUILHUKOM MPOKUTAET
apipy B 40 MUJUIMMETPOBOM COCHOBOM JOCKE 3a 2 — 2,5 yaca mociie BBIKMIAHUSA
BOAbl. Bmpouem, KUNATWIBHUK U3 CTald WM MEJHOIO CIUJIaBa MOJKET
00eCTOUMTHCS, €CIU B pe3yJbTaTe €ro HarpeBa MpPOU30WJET HapyIIeHUE CIaeB
BBIBOIHBIX KOHIIOB HarpeBaTeIbHOMN CIIUPAIH CO MIHYPOM IuTaHus [2].

IIpu3HaKy NPUYACTHOCTH FIEKTPOKUNATUWIBHUKOB K BO3HMKHOBEHUIO
10KapoB GopMHUPYIOTCH:

1) Ha OKpYXArOIINX KOHCTPYKIMSX WU MPEIMETAX;

2) Ha CaMOM KHISATHUJIbHUKE;
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3) Ha MUTAIONIEM IIHYpE.

B cinydae HaxoXIeHUsS KUISATUIBHUKA B CTEKJISHHOM Tape, MOXET
MPOU30UTH €€ pa3pylIeHUE, U KUIMSTHIBHUK BO3JCHCTBYET HEMOCPEICTBEHHO Ha
cropaembie Matepuanibl. [Ipm sTomM (dopmupyercs JIOKaJIbHOE TEPMUYECKOE
nopaxkeHue 1o (GopmMe  KUIATWIBHUKA. Merauueckass Tapa  MOXKET
nedopMHUpPOBATHCS, & €€ Pa3orpeB MPHUBECTH K JIOKAJLHOMY MPOXKHUTY TOPIOYETO
MaTepuaa MmojCTaBKH.

Ha camom xunsiTuinbHUKE 00pa3yroTCs:

1) nokansHOE pa3zpyuenue Tpyoku TOHa kungaruibHUKa;

2) BU3yaJbHbIC TIPU3HAKKA JIOKaJbHOTO oTxkura Tpyoku TOHa Ha
CHOUPAJIBHOM YYacTKe, a UMEHHO: pa3ju4He [BeTa TPyOKH Ha JaHHOM YYacTKe H
ydacTKe BBOJa, Tne chmupaidd HeT (mBeTta mo0OekaaocTH, OCOOCHHO Ha
HUKEJIMPOBAHHBIX U XPOMUPOBAHHBIX );

3) NOBBINIEHHA MATKOCTh TPYOKH HA CHUPAIBHOM y4YacTKE B OTJIMYKE OT
ydacTKa BBOJa (OIPENEIeTCs HHCTPYMEHTAIbHBIM METO/IOM).

Ha noaBoasux miHypax o0pa3yroTcsi BEIpaKEHHbIE MPU3HAKU OTLIABJICHUS
WIM BBITOPAHUS M30JIAIMM OT KUMATHIbHHUKA. HeoOXoaumo Takke yCTaHOBUTD,
€CJIM 3TO BO3MOXKHO, ObLJIa JI BKJIIOYEHA BUJIKA ITHYpA KUMISITHIIBHUKA B PO3ETKY.

NucTpyMeHTa/IbHOE ONpE/esieHne MPU3HAKOB PabOThl KUMSTHUIHHUKA CO
CTAIbHBIM WM JaTyHHbIM TOHoMm B aBapuiiHOM peXHMeE MPOBOJIUTCA IyTEM
UCCJIEI0BAHUSI MUKPOTBEPIOCTH. [Ipr3HakoM pabOThl KUIIATUIILHUKA B aBAPUHHOM
peXHUME SIBISIETCS 3KCTPEMAIbHO HU3KasMUKPOTBepAOCTh TpyOku TOHa Ha
COUPAJIBHOM YYacTKE MO CpPABHEHUIO C YYaCTKOM BBOJA (OKOJIO PYYKH, THE
cnupanu Her). Pasnuna nHabmomaercs B 1.5 - 2.5 paza. llonmxenue
MUKpPOTBEPAOCTU IPOUCXOJIUT B pe3ynbTaTe pEKpUCTATIIU3AUN
xosioHoAehOopMUpPOBaHHOTO MeTaia oboouku TOHa.

AHaJIN3 NPUYACTHOCTH K BOSHUKHOBEHHIO IOKAPOB JIEKTPOYTIOIOB

DNEeKTPOYTIOr COCTOUT W3 AJIOMUHUEBOM WJIM YYTyHHOW IIOJOIIBHI, B
KOTOpYyt0 3anuT uiau 3anpeccoBan TOH. Ha BHyTpeHHEW CTOpOHE MOJOLIBBHI
CMOHTUPOBAaH OMMETAJUIMYECKUN TEPMOPETYIsATOp. YTIOTU C  HCIPABHBIM
TEPMOPETYJISATOPOM, MPU HAXOXKJIEHUU UX B BEPTHUKAIHLHOM TMOJIOKEHUU WM Ha
CHELMabHOM TMOJCTaBKE MpaKTUYECKH MoxkapoOe3onacHsl. [Ipu oTkiIOUeHHOM
TEPMOPETYJIATOPE U HWCIPABHON IUIABKOM BCTaBKE MPOUCXOJIUT CpabaThIBAaHUE
IJIaBKUX BCTaBOK, U AJIEKTPOYTIOI 00€CTOUMBAETCS. DJIEKTPOYTIOT, BKIOYEHHBIN B
ceTh, yepe3 15 muHyT HarpeBaercs 1o temmeparypbl 400-500 °C u ecnmu ero
OCTaBUTh Ha JEPEBSHHOM TMOJCTaBKE WM Ha TKaHW, MpeAHA3HAYEHHOU IS
IJIaXKEHbs, TPOU30MIET CaMOBOCIIIAMEHEHHE.

[Ipy HeucnpaBHOM WJIM OTKIIOUYEHHOM TEPMOPETYJISATOpE VYTIOr MO
AKCTIIEPUMEHTAJILHBIM JIAaHHBIM paboTaeT 10 pa3pbiBa iekTpudeckon nenu 10 — 36
MHHYT. 3a 3TO BpeMs ero mojomBa pasorpeBaercs go 500 — 700 °C, uro
NPECTABISCT CEPhE3HYIO MOXKAPHYIO OMMACHOCTD [2].

IlpusHakamMu aBapUIiHBIX PEXKHUMOB B JJIeKTPUYECKHX YTIOrax
SIBJISIKOTCS

1) HeucmpaBHOCTh WM CJEIbl ABApUMHBIX PEKUMOB Ha KOHTAKTaX U
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TEPMOPETYJISAITOPE B BHJIE€ OIUIABJICHUS KOHTAKTHBIX JETaJlel, CIUIaBJICHUE
(3anuriaHye) KOHTaKTOB;

2) JoKaJbHBIE MOBPEXIEHUS MOAOUIBBI yTiora 1o ¢gopme TOHa, crexanue
IOJIOIIBHI (TIOBPEXKIEHUS PUCYTCTBYIOT HE TOJIBKO CHAPYXH, HO U BHYTPH);

3) uBeTa NoOEKaJO0CTU Ha MOJOLIBE YTIOTa.

JUIsL yCTaHOBIIEHUS TPUYACTHOCTH DJIEKTPOYTIOTOB K BO3HMKHOBEHUIO
IOXKapOB PEKOMEHIyeTcs Juid OOJbllIeld JOCTOBEPHOCTH  HCIOJb30BaHUE
METAIOTPAaQHUUECKOT0 aHalu3a TOJOIIB 3JIEKTPOYTIOrOB. MHUKpPOCTPYKTypa
NOJIOUIB YTIOTOB, MOJBEPIaBIIMXCS HArpeBy, Kak B aBapUilHOM PEXHME, TaK U
MOJIBEPraBIIMXCSl BHEIIHEMY HAarpeBy, UMEET NpH MPAKTUYECKH aHAJOTMYHBIX
pa3Mepax 3epeH TBEpJIOTO PacTBOpa CYIIECTBEHHYIO pa3HUILy B (hOpME BBIJCICHUS
KpeMHHUs. BplieneHne KpeMHHUs B MEPBOM ClIydae MMEET M0 TPaHHULAM 3€peH
IUIACTUHYATOE CTpoeHue. Bo BTOpOM ciydae IMIacTUHBI KPEMHUS pa3apOoO0JieHBI,
CKOAaryJIMpOBaHbl U HIMEIOT paBHOBECHYIO (hopmy [2].

AHaJIN3 NPHYACTHOCTH K BO3HUKHOBCHHIO IMOKAPOB  NPOYMX
3JIEKTPOHArpeBaTeJbHbIX NPUOOPOB

BocriaMeHuTh cropaeMble MaTtepuaibl JIEKTPOINIMTKA MOXXET TOJBKO B
cllydae MX IONAJaHMs HA HArpeTyr0 IOBEPXHOCTh. TemiepaTypa HMOBEPXHOCTH
pacKaJéHHOM KepaMHUKH (M30JSIUKM CIupand) mmTku gocturaetr 450-600 °C.
OKCHEPUMEHTAIBHO YCTAHOBJIEHO, YTO OCHOBAaHHE IOJ IJIMTKON HAarpeBaercs HeE
seire 80 °C. TlokapoomacHble CHUTyalldd MOTYT BO3HHMKATh IPH Pa3orpeBe Ha
IUTMTKAaX MACTHK, KPACOK, APYIMX TOPIOYMX BEIIECTB, & TAKXKE MPU MOMAJTaHUH Ha
HarpeBaTeNIbHbIM 3JEMEHT JIETKOBOCILIAMEHAEMbBIX MaTepuasioB (Oymara, TKaHU U
T.1.). [InuTka, naxe sBASACH NPUUMHOMN MOXapa, OyJeT HAXOJAUTHCS MOCJE HErO B
UCIIPAaBHOM COCTOSIHUU.

JIEKTPOKAMMHBI MOTYT CITY’)KUTh UICTOYHUKOM 32KMTaHUs MPU MONaJaHuu
HA PacKaJIEHHYIO NOBEPXHOCTh FOPHOYMX MATEPHAIOB WIM UX PACIOJOKEHHH Ha
OIacHO OJM3KOM PAaCCTOSIHUU OT CrOPaeMbIX MaTEpPHAJIOB.

DJIEKTPOPAAMATOPBI MOTYT CIY’KUTh UICTOYHUKOM 3a)KUTaHUS MIPHU [IJIOXOM
MOHTa)K€ MUTAIOLIET0 LIHypa, B OJOKE aBTOMAaTHYECKOTO TEPMOPETYJNATOpa, MpU
€ro HEUCIIPABHOCTH.

DJIEKTPOKOHBEKTOPbI KOMOMHHUPOBAHHBIE MOTYT CIYXUTbh HCTOYHUKOM
3KWTAaHUSl NPU 3aKJIMHUBAHUM WJIA WHOM HEMCIPABHOCTH SJIEKTPOABUIATEII,
NOMNaJaHUM Ha PACKaJEHHYI0 MOBEPXHOCTh TOPIOYMX MATEpPUAIOB, B CiIydae
NaJIeHUs JIEKTPOKOHBEKTOPA HA TOpIoYee MOKPbITHE (KOBED).

DJIeKTPOAYXOBKA HETMOCPEICTBEHHON MPUUUHON TOKapa ObITh HE MOXKET,
HO €€ OYeHb HJUTeNbHas paboTa MOXKET MPHUBECTH K MOBBIILIEHHOMY HarpeBy
ANEKTPOPO3ETKU U MUTAIOIIETO LIHYPA.

IIpudopsI NPUIOTOBJICHHUSA MU c HH(PPAKPACHBIM
JJIeKTpPOHarpeBaresieM (TOCTEPBI, POCTEPBI, I'PHUJIM, AIEKTPO IMANUIBIYHUIIBI, a
TaKXKe dBJEKTPOBA(ENbHUIBI M  KOHTAaKTHbIE AJIEKTPOTPWIM) HMCTOYHHUKOM
3QKATAHUSL CIY>)KMTh IPAaKTUYECKH HE MOryT (KpailHE MaJlOBEpOSITHO - B
pe3ysbTaTe HEMCIPABHOCTU TEPMOPETYIIATOPA WU TaliMeEpa).

JnutenbHass paboTa (eHa MOXKET NPUBECTH TOJBKO K IMOBBILIEHUIO
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TeMIEpaTypsl #  AeOPMUPOBAHUIO IJIACTMACCOBOrO  Kopmyca. bomblnoe
IpeBbILIEHNE paboyeil TemnepaTypsl U neperpeB (peHa BO3MOKEH IMPU 3aKpPhITUH
€ro BCACBIBAIOIIETO OTBEPCTUA. OTO MOXKET BbI3BaThb IEpErpeB OOMOTOK
JIBUTATENs, BOCIUIAMEHEHMIO MX HM30J0uM Wi MexBUTKOBoMY K3. B ciyuae
OCTAHOBKH JIBUTATENsl BEHTWIATOPA U3-3a neperpesa, K3 miu 1o uHeIM Ipu4vHam
IIPOUCXOIUT TIEPETPEB CIHpaAIM, U B CIydae OTCYTCTBUS WM HEHUCIIPABHOCTH
npenoxpaHurenss (eHa, BO3MOXKHO BOCILUIAMEHEHHE KOpIIyca WM TOPHOYHX
MaTepHaIOB, HAXOIAIUXCS PAJIOM C HUM.

[Tpu paboTe TeneBMU30pa MPOUCXOJUT HATPEB M3OJSIIMU U, KaK MPABHUIIO, €€
NPEXJIEBPEMEHHOE cTapeHue. M3omsuuoHHble Marepuanbl HAarpeBaroTCs /10
temriepaTypsl Beiiie 60 °C. [Ipu cTapeHnH U30JIALHH TOBBIIIAETCS BEPOSITHOCTD €€
ANEKTpUUEcKoro mpooos. Cieayer uMeTh B BUY, YTO HANPSHKEHHE HA HEKOTOPBIX
AJIEMEHTaX TeJIeBU30pa cocraBiseT 1525 kB.

B teneBu3opax He nmpeaycMOTpeHa 3alluTa, KOTopasi OTKJIIouasa Obl ero npu
BO3HMKHOBEHUU MCKPBI WIM HE3HAUUTEIBHOUN AJIEKTPUYECKON JYId B MECTAX MACK
IPOBOJIOB M NEYaTHhIX MaT. He Bce oTedecTBEHHbIE TEIEBU30pPbI 00ECIIEUEHbI
YCTPOMCTBAMHM aBTOMATUYECKOTO OTKJIIOUEHHsS IO OKOHYAHHWM Tellenepeaay.
Pabora TeneBuzopa Oe3 BuAeocurHaia (KOorja mepefauyd 3aKOHYEHbI) SIBISETCS
HEHOPMAJIbHOM M MOKET 3HAYNUTEIBHO YBEJIUYUTH BEPOATHOCTD BO3TOPAHHS.

BonblryronokapoonacHOCTh NMPEACTABISAIOT PaguoJeTalId (KOHAEHCATOPBI,
WHTErpaJIbHbIE MUKPOCXEMBI, PE3UCTOPBI), TPAHCPOPMATOPHI.

B nensx npoguiakTHKu BOZHUKHOBEHUS MOKAPOB HEOOXOIUMO COOIIOAATH
CJIEIYIOLIME OCHOBHBIE MTPABUJIA SKCILUTyaTalluU TEIEBU30POB:

- BKJIKOYATh TEJIEBU30p B CETh YEPE3 CTAOMIN3ATOP HANPSIKEHUS;

- MPUMEHATHh CTAHJIAPTHBIE, 3aBOJICKOTO M3TOTOBJEHUS MPEIOXPAHUTENN C
IUTABKOM BCTaBKOM, pPACCYMTAHHBIE HAa TOK, COOTBETCTBYIOIIMN JTaHHOMY
TEJIEBU30PY;

- pO3€eTKa 3JIEKTPOCETH, B KOTOPYIO BKJIIOYAETCS TEJIEBU30p, AOKHA OBITH
JOCTYMHA JUIsl OBICTPOTO OTKIIOYEHUS TEIEBU30pa OT CETH;

- HE CcJenyeT yCTaHaBJIMBaTh TEJEBU30p BOJM3M NMPUOOPOB OTOIUICHUS U
BCTaBJISATh B MEOENBHYIO CTEHKY, MOCKOJbKY MHPU 3TOM YXYALIAIOTCA YCIOBUS
OTBOJA Temjia (BEHTWISILIMOHHBIE OTBEPCTHSI B TEJIEBU30PE JIOJDKHBI OBITH
OTKPBITHIMH);

- HEJIb351 OCTABJISIThH TEJIEBU30pP BO BKIIOUEHHOM IOJIOKEHUU 0€3 MPUCMOTPA,
MO3BOJISATH ACTSIM BKIIIOUATh TEJIEBU30P B OTCYTCTBUE B3POCIBIX;

- TIOCJI€ OTKJIFOYEHUS TeJIEBU30pa BBIKIIOYATEIEM, BBIHYTh BUIKY IIHYpa U3
LITEIICEIbHON PO3ETKH;

- IPY HEUCTIPABHOCTSX TeJeBU30pa (HET U300pakeHus, TyAeHUE, TPECK U T.
I.) CIEQyeT cpa3y >K€ OTKIIOYUTh €ro OT CETH U BbI3BaTh TEJIEBU3UOHHOTO
mactepal[2].

6.13 AHaau3 NPUYACTHOCTH K BO3ZHMKHOBEHUIO TI0:Kapa MHBIX
TEMJIOBbIX HCTOYHUKOB 32:KUT AHUSI
K TenjioBbIM HCTOYHUKAM 32:KUTAHUS, TIOMHUMO
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3J1eKTPOHATPeBATEIbHbIX IPHOOPOB OTHOCSTCS:

- OTKpBITOE IUIaMs, pAacKaJeHHbIe MPOJIYKThl TOPEHUS U HArpeThle UMU
MOBEPXHOCTH;

- TETIJIOBBIE UCKPBI;

- TETJIOBBIJICTICHUE TIPU PA3JIMYHBIX MEXaHUYECKUX MPOIECCcaXx.

OTkpsITOC IUIAaM$A, pacKaJeHHbIe NPOAYKTHI TOPeHUs] U Harperbie MMM
MOBEPXHOCTH

J11s IpOU3BOICTBEHHBIX LI€NIEH IMPOKO UCTOIB3YIOT OTOHb, OTHEBHIE TEUH,
peaxkTophl, (akenbl Ui COKUTaHUS MapoB M Tas3oB. [Ipu mpoBeneHWH PEeMOHTHBIX
paboT 4acToO MCMOJIB3YIOT IUIaMs TOPEJIOK U MAasTIbHBIX JaMIl, TPUMEHSIOT (aKesbl
JUISE OTOTPEBAHUS 3aMEp3IIUX TPYO, KOCTPHI AJis MPOrpeBa IPyHTa MPH CKUTAHUU
0TX0J10B. TeMmneparypa IIaMeHH, a TaKKe KOJMYECTBO TEIjia, KOTOPOE MPHU 3TOM
BBIJICTISICTCS, TOCTATOYHBI JIJIS 32KUTAaHUS TIOYTH BCEX TOPIOYMX BEIIECTB.

OTkpbITOC IIAMA

[locxapHast OmacHOCTb IUIAMEHU OOYCJIOBJIEHa TeMmIepaTypoil ¢akena u
BPEMEHEM €r0 BIMSHUS Ha TOproYMe BellecTBa. BocriaMeneHne BO3MOXXHO TakKe
U OT MAaJOMOIIHBIX HCTOYHUKOB 3@XWUraHUs, OJHAKO IIPU 3TOM TOpPEHHE
IPOUCXOAUT Yepe3 CTAIUIO TICHUS.

VICTOYHUKHM OTKPBITOTO OTHA - (haKelbl - HEPEIKO HCIOJB3YIOT s
pa3zorpeBa 3acCThIBIIETO MPOAYKTa, JUIsl OCBELIECHUS IPU OCMOTpPE armaparoB B
TEMHOTE, HAaIlPUMEp, IPU U3MEPEHUHU YPOBHS KUAKOCTEH, TP pa3BeIEHUU KOCTpa
Ha TeppuTopun 00bekTOB ¢ HanuueM JIBXK n 7K.

BricokoHarpeTsie pOAYKTHI TOPEHHS - Ta3000pa3HbIe MPOTYKTHl TOPEHUS,
KOTOpPBIE MOJTy4at0TCs MPU TOPEHUN TBEPIBIX, )KUJKUX U Ta3000pa3HbIX BEIIECTB U
MoryT gocturath Temreparyp 800-1200°C. TTokapHyiO OMacHOCTh MPEACTABIISET
BBIXO/ BBICOKOHArpeThIX MPOAYKTOB dYepe3 HEIUIOTHOCTH B KIAJKe TOIOK,
IeIMOBBIX KaHaoB[10].

AHAJM3 NIPUYACTHOCTH K BO3HUKHOBEHHIO M0Kapa TeMJI0BbIX HCKP

PacripocTpaHeHHBIM MCTOYHMKOM 3a)KUTaHUS SIBJISIOTCS TEIUIOBBIE HCKPBHI.
TenioBbie UCKPBI IO CBOUM pa3MepaM HacTO CYLIECTBEHHO MPEBBIIIAIOT pa3Mepbl
MEXaHUYECKUX MCKp. OTHUM oOIpefensercs ux Oojiee BbICOKas MOXKapHas
OIaCHOCTb, TOCKOJIbKY HEPIOCOIepKaHne B HUX CYIIECTBEHHO BBIIIIE.

[Ipoueccamu, NPUBOAAIIUMEI K OOPa30BaHUIO TEILJIOBBIX UCKP SBISIOTCS:

1) anexTpocBapouHbie padbOTHl (00pa3yeTcsi OOJbIIOE KOJUYECTBO MCKP B
BUJIC PACIUJIABICHHBIX MU DPACKAJICHHBIX TBEPABIX YACTHUI] MeTallla, OKaJIWHBI,
¢datoca, cmocoOHBIX pasieTaTbCsi HAa OoJbIIME paccTosiHMs). Pasmep HCKp
DIIEKTPOCBApKH JocTuraer 5 wmwm. TemmepaTypa Iyrd TpU  DIEKTPOCBApPKE
nocturaer 4000 °C, mostomy ayra OyaeT HCTOYHMKOM 3aKMIaHMs JUIS BCEX
TOPIOYHX BEIIECTB.

2) crauMOHAapHBIE M TOABM)XHBIE KOTENbHbIE M JApPYTrue CHelUalIbHbIC
YCTaHOBKHM (0Opa3yrOTCsi UCKPbl B BHJE TOPSIIMUX YaCTHUI[ CaKW, TOIJIMBA WU
HaKaJICHHBIX KYCOUYKOB OKaJUHbI);

3) aHajmOrMYHbIE HUCKPHl MOTYT 00pa3oBaThCcd B JBIMOBBIX TpyOax
JIOKOMOTHBOB U IMapoX0JI0B, IPaBJa, MPU MCIOJIb30BAHUU KUAKOTO TOILIMBA 3Ta

116



OMACHOCTh CPAaBHUTEIBHO MaJIa, XOTS U HE UCKIIFOUEHA MTOJIHOCTHIO;

4) npIMOBBIE TPYOBI OTOMUTEIBHBIX TEYeH (B TOM 4YHCIE CEIbCKUX OaHb),
IUTUT, BOJOTPEEB, CAMOBAPOB, a TAKXKE OTKPBITHIE OYaru (KOCTPHI);

5) nBurarenu BHyTpeHHero cropanus (JIBC).

[Ipu orpaboTke BepCcMH O BO3MOXHOCTH BO3HHUKHOBEHHS IOXKapa OT
TEIJIOBBIX UCKP HEOOXOUMO paccMaTpUBaTh COUETAHHUE HAIMYMS STUX MPOLIECCOB
U COOTBETCTBYIOIIMX TOXApPOOIMACHBIX MaTepUaioB WU Cpel, Hamnpumep,
CKOIUIEHHME TBEPJBIX TOPIOYMX MATEPHAIOB, MapoOra3oBO3AYLIHBIX  Cpea
COOTBETCTBYIOIIEN KOHLIEHTPALIVH.

Wckpbl, BO3HUKarOUIME MpU pabOTe TOMOK M JIBUraresiei, MpeacTaBIsiOT
co00#1 TBep/ple pacKajJeHHbIE YaCTHUIIbI TOILIMBA WM OKaJUHBI B Ta30BOM ITOTOKE,
KOTOpBIE MOJY4YalOTCsl B PE3YyJbTaTE HEMOJHOTO CrOpaHMs WM MEXaHUYECKOro
BBIHOCA TOPIOYMX BEIIECTB U MPOJYKTOB KOppo3uu. Temmneparypa Takod TBEpAOU
YaCTULBI IOCTATOYHO BBICOKAs, HO 3amac TeruioBoil sanepruu (W) HebospLion u3-
3a MaJIeCHbKOM Macchl HUCKphl. Mckpa crmocoOHa 3aXeub TOJIBKO BEIIECTBA,
JIOCTATOYHO MOATOTOBIICHHBIE K TOPEHUIO (Ta30-IIApOBO3YIIHBIE CMECH, OCEBILAs
MbLIb, BOJOKHUCTBIE MaT€pUaJIbl).

Tonkum  «uCKpsAT»  M3-3a  KOHCTPYKTUMBHBIX  HEJOCTaTKOB;  M3-3a
WCIIOJIb30BAHUSI COpTa TOIUIMBA, HAa KOTOPBIM TONKAa HE paccuuTaHa, H3-3a
YCWICHHOTO IyThsl; U3-3a HEMOJHOIO CrOPaHMs TOILUIMBA; M3-32 HEAOCTATOYHOIO
pacnbUICHUs KUIKOTO TOIUIMBA, a TAKXE M3-3a HE COOJIOJEHUS CPOKOB YUCTKHU
MIEYEH.

Uckppl u Harap npu pabore JIBC oOpasyrorcs npu HenpaBUIbLHOM
PEryIMPOBAHUM CUCTEMBI MOJA4YM TOIUIUBA, NEKTPO3KUTaHUS;, PU 3arpsi3HEHUN
TOIUIMBA CMA304YHbIMM MacjaMd W  MHMHEpPAJbHBIMU  MPUMECSAMHU; MpHU
POJOJKUTEIBLHON paboTe ABUTATENs C MEeperpy3KaMu; MpU HApYLIEHUH CPOKOB
OUYMCTKH BBIXJIOITHOM CUCTEMBI OT Harapa.

[To>xapHasi onacHOCTh MCKpP KOTEJIbHBIX, TPYO MapoBO30B U TEIJIOBO30B, a
TAaK)K€ JAPYIMX MalIMH, KOCTpa B 3HAYUTEIBHOM CTENEHU OIPEACISIOTCS HX
pa3mepom u Temmeparypoii[10].

AHaJIn3 Bepcuil 0 BOSHUKHOBEHUH MOKAPOB OT TPEHUSs

[ToxapoonaCHBIMM  TEIUIOBBIMH  IIPOSIBJICHUSIMM  MEXAaHWYECKON SHEPIUu
SBJISTFOTCS

- coyJapeHue TBepbIX Tel (¢ 00pa3oBaHUEM MEXaHUYECKUX UCKP);

- IOBEPXHOCTHOE HarpeBaHWe TPYILIUMXCS TMOBEPXHOCTEM BO BpeMsa HUX
B3aMMHOTO NIEPEMEILICHNUS;

- HETMOCPEICTBEHHO CBSI3aHHOE C TPEHHWEM BO3HUKHOBEHHE CTaTUYECKOTO
AIIEKTPUYECTBA;

- MEXaHUYECKasI o0paboTka TBEPIBIX MaTepraIOB pexyuM
UHCTPYMEHTOM;

- C)KaTUe Ta30B U NPECCOBAHNUH IJIACTMACC.

Crenenp pa3zorpeBa Te€l M BO3MOXKHOCTb NOSIBJIEHUS NPH 3TOM HCTOYHHUKA
32)KATaHUS 3aBUCUT OT YCIIOBUM MEPEX0Ja MEXAHUYECKOW SHEPTUH B TEILIOBYIO.

Besikoe mepemelniienue CconpHKacalouxcs Apyr ¢ APYyromM Ten Tpedyer
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3aTpaThl YHEPTUU HA MPEOJO0JECHUE PA0OTHI CHJI TPEHUS. JTa SHEPTUS B OCHOBHOM
npeBpamiaercs B TeioTy. [Ilpy HOpMaJbHOM COCTOSSHUM M TNPABUIBHON
HKCIUTyaTallMM TPYIIMXCA YacTed MalluH M MEXaHU3MOB, BBIICISAIONICECS TEIIO
CBOCBPEMEHHO OTBOJIUTCSA CHEIHAIbHOW CHCTEMOW OXJAKICHUS, a TaKKe
pacceuBaeTcsi B OKpY’Kawollas cpeie. YBEIUYEHHE TEIUIOBBIICTICHUS WU
YMEHBIIEHUE TEIJIOOTBOJA U TEIJIONOTEPh, BEJAET K MOBBIIICHUIO TEeMIEPaTypbl
Tpymuxcst ten. [lo 3Toil mpuuMHEe MPOUCXOAUT BOCIJIAMEHEHUE TOprOYei cpeibl
WM MaTepuajgoB OT TMeperpeBa MOJIIMITHUKOB MaIllMH, CUJIbHO 3aTSHYTHIX
CAIbHUKOB, 0apa0aHOB W TPAHCIIOPTEPHBIX JICHT, MKUBOB W MPUBOJAHBIX PEMHEH,
BOJIOKHHCTBIX MaT€pUaJIOB IIPU HAMATHIBAHUHU UX HA BAJIbI MAIIIMH U allapaToB.

Hanbonee noxapoomnacHbIMU SBJISIIOTCS TOAIIMIHUKN CKOJIBKEHUSI CUIIBHO
Harpy>KeHHbIX U BBICOKOOOOPOTHUCTHIX BajioB. [110X0€e kauecTBO cMa3ku paboumx
MOBEPXHOCTEH, HUX 3arps3HEHHE, TEPEeKOC BajoOB, INEperpy3ka MalluH |
YpEe3MEPHOE 3aTATMBAHUE MOAIIMIIHUKOB - BCE 3TO MOXET SIBUTHCA MNPUUYUHON
neperpy3ku. O4eHb 4acTO KOPIYC MOJIIMITHUKOB 3arpsi3HSAETCS OTJIOKECHHUSIMU
rOprOYEHl MbUIA. DTO TAKKE CO3JAET YCIOBUS JIJISl UX IIEPETpEBa.

Ha oObekrax, e NOpuUMEHSIOTCS Wi 00pabaThIBalOTCS BOJOKHUCTHIC
MaTepUalIbl MPOUCXOUT UX 3arOpPAHUE MTPU HAMATHIBAHWU HA BPAILAIOIINECS Y3JIbI
(npsnunpHbIe PabpUKH, JTHHO3aBOJIBI, KCILTyaTaluss KoMOaitHOB). BosokHUCTEIE
MaTtepuajibl U COJOMHUCTBIE TPOAYKThl HaMaThIBAIOTCS HA Bajbl BO3JIE
NOAIMITHUKOB. HamaThiBaHUS COMPOBOXKIAETCS MOCTENEHHBIM YIUIOTHEHUEM
Macchl, a TMOTOM CWJIbHBIM HarpeBaHUEM €€ NpU TPEHUH, OOYrJIUBaHUEM U
BOCILJIAMEHEHUEM.

B OonbmMHCTBE clly4aeB MPOLECChl TPEHHS TPUBOJAT HE K CIMIIKOM
OOJIBIIIOMY Pa30TrPeBy JAETAICH MaIlMH U MEXaHU3MOB, U UX Yallle BCEro CJIEayeT
BOCIIPUHUMATh KaK MaJIOMOIIHBIM HMCTOYHUK 3aKUTaHUS. 3aMETHUM OJHAKO, 4TO
TEIUIOBBIJEIIEHUE TIPU TPEHUHU — 3TO MPOILIECC, MOIAEPKUBAIOIIUICA U3BHE 10 TEX
Iop, TMOKAa aBapuiiHasg CHUTyalMsd HE 3aKOHYUTCS IIOJIHOM OCTaHOBKOU
obopynoBanusi. [loaTroMy HMHOTA TpEeHHUE MOXKET MPUBECTH U K OUYEHb CUIIBHO
pa3orpeBy, 4TO CIEAYET YUYUTHIBATH IPU OTPAOOTKE TAHHOW BEPCHUH.

Bepcusi 0 BO3HUKHOBEHUM TOKapa OT HarpeBa MPU TPEHUU MOXKET OBIThH
BBIJIBUHYTa B TOM CJly4yae, €ClIi B Oodare mnokapa HaXOAMUTCS TEXHOJOTHYECKOE
o0opyZ0BaHUE, B KOTOPOM HMMEIOTCS MOCTOSIHHO TPYIIHECS JeTanu U y37bl. [lpu
0e3aBapuitHOI paboTe TaKOro 000PYyI0BaHUSI OHO SIBJISIETCSI TOKApOOE30MIaCHBIM.

OtpaboTka Bepcuid O BO3HMKHOBEHHHU IOXKapa OT TEIUIOBBIJICICHUS TIPU
TPEHUU CBOJUTCS K MOWCKY XapaKTEPHBIX MPU3HAKOB MECT TPEHUs, HA KOTOPBIX
MIPOUCXO/IUJT TIEPETPEB.

K Takum npuzHakaM OTHOCSTCSA:

1) BBIpaboTKa MeTallIa B MECTE, TJI€ MPOUCXOIUT TPEHUE;

2) NOJUPOBKA TPYILIMXCS MOBEPXHOCTEU U CIEJbl BHICOKOTEMIIEPATYPHOTO
HarpeBa (IIBeTa MoOeKaIOCTH) Ha HEW;

3) 3aKJIMHUBAHME TTOAIITUITHUKOB,;

4) cienpl TOKaJIbHOTO HarpeBa Ha arperaTax U OKpyXarolux JeTalsx.

JIisi TowWcka TaKMX MECT TOCNie TMoXKapa ToJIe3HO ObIBaeT pazodparth
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YCTPOMCTBO, B KOTOPOM MPOU3OIUIO 3aropaHHe, BBIIBUTH YyKa3aHHBIE CIEIbI,
3aUKCUPOBATh 3TO B MPOTOKOJIE OCMOTPA, a B JaJbHEHIIEM HCIOIb30BaTh MPH
000CHOBaHUU BEPCUU O MPUYMHE MOXKapa.

Urto kacaeTcsi ropro4ero BEHIeCTBa, CIIOCOOHOTO 3aropeThCsi OT IMeperpena
IpU TPEHUH, TO TIPU €r0 YCTAHOBJICHHUH CIEAYET PYKOBOJICTBOBATHCS B OCHOBHOM
OPUHIIMIIAMHU, TPUMEHSIOMKUMHUCS TpU OTpabOTKE BEPCUH O BO3HUKHOBEHUU
MOXKapOB Yepe3 cTajguio Tiermero roperus. I[loapoObHo 3TOT Bompoc Oyner
paccMoTpeH B cienyrorniei Teme[10].

MexaHu4ecKkue MCKPbl U AHAJIHM3 MX NMPUYACTHOCTH K BO3HUKHOBEHHIO
nokapa

MexaHuyeckue UCKpbl - JOCTATOYHO pPacHpOCTPAHEHHBbIE HWCTOYHUKU
3axkuranua. OHu 00pa3yroTCs MPU B3aUMOACHCTBUN ABYX MaTepUasoB MPH TPEHUH
Wi yaape. B cBs3M ¢ 3TUM, MEXaHHYECKHE HMCKPbl MOXXHO MOAPA3JIEIUTh Ha
UCKpPBI yapHble U UCKpPbI TpeHus. PazMepsl UCKp yaapa U TpEeHUsl MPeACTaBIsAIOT
co0Oil pacKaJeHHYIO0 J0 CBEYEHMs] YaCTHMUKy MeTaijia win KamHA. WX paszmep
00bIuHO He npesbimaer 0,5 Mm.

[Ipu TpeHun wmaTepuanoB JApyr O Jpyra MHUKPOHEPOBHOCTH Ha HX
NOBEPXHOCTU  TMOJBEPraroTCsi 3HAYUTENBbHOM  IIacTHMYecKoll  Jedopmanuu.
Toueunoe HarpeBaHue 00€UX MOBEPXHOCTEW U CpE3aHHE YAaCTUUEK MaTepuayia B
TUX MUKPO30HAX NMPUBOAUT K 00pa30BaHUIO UCKP TPEHHUSL.

Ynap npencraBisier co0OM  IUHAMUYECKHM, PE3KUA KOHTAKT JIBYX
a5eMeHTOB. [Ipu 3TOM MPOMCXOAUT BBIICTICHUE TEIUIOTH B PE3yNbTaTe TPEHUS, a
OTOPBABILIMECS YACTUUKHU 00pa3yloT yaapHyto uckpy (YH).

Bocnnamenstonas cnocoOHOCTh UCKP BO3pPAcTaeT MO MEpPE pOoCTa SHEPTUH
ylapa Wid TpU YBEITUYCHHU CKOPOCTH IEpEeMEIIeHUsT OOBEKTOB OTHOCHUTEIHHO
Ipyr Jnpyra mnpu TpeHun B mpenenax ao 100 w/cex. Bocmiamenstomas
CHOCOOHOCTh MCKpP TPEHHMs, KaK MpaBUiIo, OOJIbIIE, YeM UCKp ylapa, a coueTaHue
ylapa u TPeHHsI 0COOCHHO OMAaCHO.

Hckpel uacTo o00pa3yloTcss NpuU MONAAAHUM B MAIIMHBl HHOPOJHBIX
METAJTMYECKUX WM KAMEHHBIX ITPEIMETOB.

B anmaparax ¢ memankamu, IpoOHIIKax, anmnapaTax-CMECUTENIX U IPYTHX,
B TOM CJy4ae, €Clii BMEeCTe ¢ 00pabaTbIBaeMbIMHU MPOAYKTaMHU MONAAAI0T KyCKU
MeTajljla WIK KaMHH, MOTYT 00pa30BBIBatOTCSI UCKpBI. MICKpBI 00pa3yroTcsi Takke
IpHU yAapax TMOABIKHBIX MEXaHH3MOB MamlvH 00 WX HEMOABM)XKHbIE dYacTu. B
NPAaKTUKE HEpPEenKo OBbIBaeT TaK, YTO POTOP IEHTPOOEKHOTO BEHTHUISATOPA
CTAJIKMBACTCSA CO CTEHKaMHU KO)KyXa WJIM UTOJBYATHIMU U HOXKEBBIMH OapabaHamu
BOJIOKHOOT/JICIUTEIBHBIX M TPEMAJbHBIX MAIlIWH, KOTOpbIE OBICTPO BpaIlaloTCs,
yIapsIIOTCs O HEMOABI)KHBIE CTAIbHBIE PENIeTKH. B Takux ciaydasx HaOmromaercs
uckpoooOpazoBanne. OHO BO3MOXKHO W TIPH HEMPABWIBHOM DETYIUPOBAHUU
3a30poB, Mpu JedopMaluyd U BUOpAlMU BajoB, M3HAIIMBAHUU TOAIIMITHUKOB,
nepeKocax, HEeIOCTaTOYHOM KpEeIUICHHMHM Ha BajaX peXyIIero MHCTpymeHTa. B
TaKUX CJIydasgX BO3MOXXHO HE TOJBKO HCKpOOOpa3oBaHME, HO U IMOJIOMKa
OTHENbHbIX YacTel mamuH. [lonoMka y3na mamuHbl, B CBOIO OYepelb, MOXET
ObITh IPUYMHONW 00pa30BaHUs HUCKp, TAK KaK YacTHIIBl MeTayljia MOMagaioT MpH
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STOM B MPOAYKT.

OC00EHHOCTBIO HCKP SIBISIETCS TO, YTO OHU HE UMEIOT BHEIIHUX UCTOYHUKOB
MOTIOJTHEHUS SHEPTHUH, B OTIMYKME OT HarpeThlX MOBEPXHOCTEHN 2IIEKTPONPUOOPOB U
NPOBOJIOB WJIM HArpeTblX TPYIIUXCA MOBEPXHOCTEH, DSHEPrusi KOTOPBIX
MOTIONTHSAETCSA, TOKa DJJIEKTPOCETh HAXOAMUTCS IO/l HAINpPSHKEHUEM WM TI0Ka
TPYIIMECS JIeTajau MPUBOASTCS B JBUKEHUE MeXaHn3MaMu. [loaToMy 3axkuraromas
CIIOCOOHOCTh HMCKpP ONPEIEISeTCS TOJBKO MX COOCTBEHHBIMH CBOMCTBAaMH, TOM
MOIIHOCTBIO, KOTOPYIO OHM TONy4yalOT MpU OOpa3OBaHWUU WM, WHOTAA, TOH
BO3MOYKHOCTBIO YBEIIMYEHUS MOIIMHOCTH, KOTOpas ONPENeNseTCS XUMHYCCKUM
COCTaBOM MaTepHualia UCKPHI.

Hckpa moxapoomacHa, eclid OHa O0O0JaJaeT TeMIepaTypoill M 3amacom
DHEPTUU JOCTATOYHBIMH JJISI BO3TOpPAHUsS TOPIOYMX BEIIECTB. B "acTHOCTH, ykKe
pPacCMOTPEHHbIE B TpPEABIAYIIEM pa3ieliec HCKpPhl PACIJIABICHHOTO HUKEI,
oOpasyroluecs Ipu JyroBOM paspsjie MEXy dJIEKTPOJIaMH JaMITbl HaKaJIUBaHUS,
MUMEIOT MpH 00pa3oBaHMK OYEHBb BBICOKYIO TeMIieparypy, okoixo 1500-2200 °C.
OpHako u3-3a UX MPEUMYIIECTBEHHO HEOOJBIIOTO pa3Mepa OHU 00JIaIal0T MaJIoH
MOILHOCTBIO U cJ1a00# BOCIITIaMEHSIOIIEH CITOCOOHOCTBIO.

OOBIYHO, HECMOTPSI HA BBICOKYIO TEMIIEpaTypy, MEXaHUYECKHE HCKPbI
Majoll  Macchl TaKXe€ CIOCOOHBI  OTJAaBaTh  CrOpaeMbIM  MaTepuagam
HE3HAUUTEILHOE KOJWYECTBO DSHEPIHH, U, B CBSI3HM C ITHUM, XapaKTEPHU3YIOTCS
MaJlbIM BpEMEHEM OXJIAXIEHHs 10 IokapobOe3omacHbIXx Temmeparyp 200-250 °C.
[Ipaktruecku, uckpsl AuameTpoM 0,35 MM (cpegHuil pazMep MEXaHUYECKUX UCKD),
MMEIOT BPEMSI OXJIAKICHUSA JI0 YKA3aHHOM TEMIEPATYyPhl OKOJIO S5 CEK.

[To crocoOHOCTH yBEIMUYEHHUSI PHEPTUU TIOCTIE CBOETO 0Opa30BaHUs MCKPHI
pas3eIIIoT Ha UCKPBI TAaCCUBHBIC W UCKPHI akTHBHBIC[10].

IlaccuBHBIE HCKPBI MOTYT HMETh BBICOKYIO TEMIIEpaTypy, KOTopas, BCe XKe,
OTPaHUYMBACTCS TOUYKAMHM IIABJIEHUS MAaTEPUAJIOB TBEPJIbIX TEJ, YYACTBYIOIIMX B
coynapennu. VX TemriepaTypa MakcUMallbHa B Haudajie 0Opa3oBaHUS M OBICTPO
CHI)KAETCS BO BpEMsl CyIIecTBOBaHHS 4acTull. [loaToMy BOCIJTaMEHEHHE TaKOM
UCKPON MOXET OCYIIECTBUTHCS JIMIIL 32 KOPOTKUA MPOMEKYTOK BPEMEHH IPHU
MOMAaJlaHUM Ha COOTBETCTBYIOIIME MaTepHalibl, CIIOCOOHBIE K OBICTPOMY
BOCIIJITAMEHEHUIO UJTU CKIIOHHBIE K TICHUIO.

HaunGounpiiryro omacHOCTh MPECTaBISIOT aKTUBHBIE UCKPBI (MUPOGOPHEIE).
B 3THUX HWCKpax MPOMCXOAWT DHEPTUYHOE OKHCIICHHE paCKaJeHHBIX YacTHI] B
BO3MIyXe (HampwMmep, YacTHI] aJIOMHHHS W MarHus). MXx temmeparypa MoOKeT
nocrurarh 3Hadenuiit 2000 °C u Gosee (M maxke BBIIIE, €CIM MCKPHI HONANAIOT B
Cpely C TIOBBIIICHHBIM COJEp)KAaHUEM KHCIIOpOAa), CIEe0OBATeIbHO, OHH MOTYT
MO/DKUATATh TIOYTH JIFOOBIC Ta30MapoOBO3AYIIHBIE M TBIJICBO3IYIIHBIE CMECH,
CIIOCOOHBIE K BOCIUIAMEHEHHIO. VICKpBI, KOTOpBIE TMOJyYalOTCs TpU  yAapax
ATIOMUHUEBBIX TEJI O CTaJbHYI0 OKHCICHHYIO TOBEPXHOCTh, MPHUBOIIT K
XUMUYECKOMY BO3JICCTBUIO C BBIICTICHUEM 3HAYUTEIHHOTO KOJWYECTBA TEIUIA.
Hampumep, o4eHb oOmacHbIE HCKPHI MOTYT O0Opa30BaThCS TIPU  COYIAPCHHUH
ATFOMUHUSA CO P’KaBOM CTaibio. [Ipr 5TOM MOXKET BOSHUKHYTh TEPMHUTHAS PEAKITHSI.
Takoe siBIeHre MOXET HaOI01aThCs, CKAXKEeM, €CIIH YAAPUTh TBEPIBIM MPEIMETOM
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10 P>KaBOMY >KEJI€3HOMY MPYTKY, TOKPHITOMY aJIFOMUHHEBON KPACKOIA.

Temneparypa HCKp HENErMPOBAHHBIX HU3KOYTJIEPOIUCTBIX CTAled MOXKET
JOCTUTaTh TEMITEpaTyphl IUiaBieHus Metamwia (okojio 1550°C). B srom ciyuae,
AKTUBHBIM 3JIEMEHTOM HMCKD SIBJISIOTCS YACTUUKHU yTIepoJa.

OTMeTuM, 4YTO MNpU COYJAPEHUM WM TPEHUH CO CTajlbl0 METaJUIOB,
UMEIOIINX 00JIee HU3KYI0, YEM CTallb TEMIIEPATypPy IUIaBICHUS, HCKPOOOpa3oBaHUE
OObIYHO HE TmpoucxoauT. Hampumep, npu coymapeHud JaTyHU U YUCTOW CTajH,
UCKp He oOpasyercsi, B TO BpeMsl KaK MpHU yJaape CTajdl O CTajlb, UCKPHl MOTYT
00pa3oBBIBATECS B 3HAYUTENBHOM  KoinudecTBe. [loaTomMy B OMacHbIX
TEXHOJOTHUECKUX 30HaX (HampuMmep, Mpu paboTe C KUCIOPOAHBIMHU OaNIOHAMM)
ClIeTyeT MOJIb30BaThCsl OPOH30BBIM MM JATYHHBIM UHCTPYMEHTOM.

OTtpaboTka BepcHHM O BO3HUKHOBEHUHM TIOXKapa OT MEXAHUYECKUX HCKD
HAYMHAETCS C YCTAHOBJICHUS HATMYMS B 0YaroBO# 30HE MpoIiiecca, MPUBOISIIETO K
BO3HUKHOBEHUIO UCKP.

B DOpOMBINIIEHHBIX YCIOBHUSIX BO3HUKHOBEHHE HCKP BO3MOXHO, B
YACTHOCTH:

1) mpu paboTe NPOMBIIUICHHOTO OOOPYAOBaHHS B peE3yJIbTaTe €ro
HEePErpy3KH, yAapOB IBUKYILIUXCS YACTEH O HEMOBUKHBIC;

2) TIpY TOTaJaHUU B MEXAHHU3MbI TIOCTOPOHHUX MPEAMETOB, METALTHYECKIX
JeTaned, KaMHel U T.I. (Takoe BO3MOXKHO B MEUIaJIKaX, MEJIbHULIAX, BEHTUIISITOpaxX
- TIOCTOPOHHHE MPEAMEThl MOTYT OKa3aThCsl B CHIPhE MIU 00pa30BaThCS IMPHU
MOJIOMKaX Y MOBPEXKIECHUAX 000PYJOBaHUS);

3) mpu HCMONB30BAaHMM HEHAUICKAIUX WHCTPYMEHTOB ISl BBITTOJHEHHUS
pa3IUYHbIX padoT.

Crnenyronium 3TarnoM oTpabOTKH BEPCUU O MPUIACTHOCTH K BOSHUKHOBEHHIO
mo)kapa MEXaHMYEeCKHX UCKp SBISIETCS YCTAaHOBICHUE TOpPIOYeH  Cpemsl,
BOCIUIAMEHUBIIEICS OT UCKPBI.

BemectBa u Marepuanbl, MPaKTUUYECKH CIOCOOHBIE 3aropeTrbcst OT
MEXaHUYECKUX UCKP, MOKHO Pa3JeIUTh HA TPU IPYTIIIbL:

1) cMecu ¢ BO3JYXOM M KHCJIOPOJOM TOPIOYMX Ta30B, MapoB, MbLICH(B
IPOU3BOJCTBEHHBIX YCIOBUSIX OT yAapa UCKP BOCIUIAMEHSIOTCS alleTUJIEH, STUIIEH,
BOJOPOJ, OKCHUJl YIJIepojaa, CEpOyrjiepoja, METaHO-BO3JAYyIIHAas CMECh; Iaphbl
(mudTUnoBoro adupa, aileTroHa, OTUJIEHA, METAaHOJa), MbUM (TUTaHOBas,
[IUPKOHWEBAs, MarHUEBAsI, ATFOMUHUEBAS, TBUTH CEPHI));

2) Marepuabl, CKIIOHHBIC K TIICHUIO;

3) HEKOTOpBIC IPYTHE BEIIECTBA W MATEPUAbl B YCIOBHUSAX IMOBBIIICHHOTO
COJIEpKaHus KUCIOPO/Ia.

HyXHO OTMETHTH, YTO YeM OOJIbIIIE B CMECH KHUCIOPOJa, TEM WHTEHCUBHEE
TOPUT WCKpa, TEM BBIIE TOpIOYECTh cMecu. Lckpa, KoTopas JIETHT,
HEMOCPEACTBEHHO HE BOCIUIAMEHSET MBbUICBO3AYLUIHOW CMecH, HO, TONaB Ha
OCEBILYIO MbUIb WM HA BOJIOKHHUCTbIE MaTepuaibl, BHI30BET MOSIBICHUE OYaroB
TiaeHusl. Tak Ha MYKOMOJIBHBIX, TKAIIKUX W XJIOTMKOMPSIAWIBHBIX MPEANPUITHIX
okoJ0 50% Bcex MoXkapoB BO3HUKAET OT UCKP, KOTOPbIE BBICEKAIOTCS MPHU yAapax
TBepabIx Ten[3].
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6.14 BblaesieHue Temjia NpH CXKATUM Ta30B

3HAuUUTENbHOE KOJMYECTBO TEIJIa BBIJACISIETCS NpPU CKATHUM Ta30B B
pe3yibTaTe MEXMOJIEKYJISIPHOTO JIBIKeHMs. HeucnpaBHOCTh WM OTCYTCTBUE
CUCTEMBI OXJXKJECHUS KOMIIPECCOPOB MOXKET MPUBECTH K MX Pa3pyIICHUIO MPH
B3pbIBE.

HarpeBanue raza npu agmabatuueckoM CXaTUU OOBSCHAETCS TEM, YTO BO
BpEMs CXKaTHUs HaJl Ta30M MPOU3BOJIUTCA paboTa, KOTOpast UIET Ha YBEIMUYCHHUE €T
BHYTPEHHEH JHEPruu. A Tak KaKk BHYTPEHHSS DHEPTrHUsl WICaTbHOTO Ta3a 3aBUCUT
TOJIBKO OT TEMIIEPATYPHI, TO ATO YBEIWUECHUE BHYTPECHHEH SHEPTUH TIPOSIBISICTCS B
MOBBIMICHWA  €Tr0  TEMIEpaTyphl - CPEAHEH  KWHETUYECKOW  DHEPruu
HEYTMOPSAOYCHHOTO JIBIDKCHHSI MOJICKyJ. Ha MHKpOCKOMHYEeCKOM YpOBHE 3TO
O3HAYaeT, YTO KOTJa IMOPIICHb CXUMAET Ta3, CKOPOCTh, C KOTOPOWM MOJIEKysa
OTpa3|TCsl OT TMOPIIHS, OymeT Ooibine e€ HavyambHOU ckopocTu. [lostomy mpu
OTPaXEHUU OT TOPIIHS OHA TMOJYYUT JIOMOJHUTEIBHYIO SHEPIHI0, KOTOpas
MOCTETNIEHHO TIEpepachpeiefiuTCa MEXIAYy BCEMHU MOJEKyJIaMH Ta3a 3a CU€T HX
B3aMMHBIX CTOJIKHOBEHUH.

CymHocTh HarpeBaHus ra3oB MPHU CKaTUU B KOMIIPECCOpax 3aKIH0YacTCs B
TOM, 4YTO B pe3yJbTaTe H3MEHEHUs (yMEHBIIEHHUS) MEPBOHAYAIHLHOTO 00BbeMa
ra3oo0pa3HbIX TeJ 3aTpauuBacTCs MEXaHMUYeCKas DSHEpPrusi Ha MPeooJICHUE
MEXMOJICKYJIIPHBIX CHUJI TpEeHHsI (Ha HApyIICHHE IUHAMHYECKOTO pPaBHOBECHS
MEXIy CHJIaMH TPAaBUTAIMOHHOTO W JJIEKTPOMAarHUTHOTO Toyel). BceieactBue
ATOTO BBIACISICTCS TEIJI0, KOTOPOE PacXOAyeTCs Ha HarpeBaHHWE C)KUMAEeMOTo Tas3a
¥ CaMOTro KOMIIpeccopa.

OCHOBHBIMH TIPUYNHAMH TIEPETPEBA TA30B U KOMITPECCOPOB SBIISTFOTCSI:

- HapylleHWe MaTepualbHOro OanaHca (YMEHBIIEHHE pacxojJa rasa B
CHUCTEME WIIH YBEITUYCHHE TTOJaYl KOMIIPECCopa);

- CHW)KCHHE MHTEHCHUBHOCTH OTBOJA TEIIa M3 30HBI CKaTusl (yMEHBIIICHUE
pacxoja WIM TIOJIHOE MPEKpalleHHe IMOJa4yM XJaJI0areHTa B XOJIOAWIHHHKH,
1oJ/iava XJjaI0areHTa ¢ 3aBbIIIEHHON TeMIIepaTypoil, 3arpsi3HeHre TeI000MEHHOM
MOBEPXHOCTHU XOJIOIUIHLHUKOB).

[IpenymnpexaeHue nmeperpeBa KOMIPECCOPOB MPU CKATHUU Ta30B:

- paszjelieHHe Tpoliecca CXKaTusi Ta30B HA HECKOJbKO CTYINEHEH, €Cli IO
YCIIOBUSIM TEXHOJIOTHH TpeOyeTcs 4 - S-KpaTHOE CKaTHE;

- YCTPOWCTBO CUCTEM OXJIAXKICHUS Ta3a Ha KaKJION CTYIICHH CYKATHS;

- YCTAaHOBKA TMPEIOXPAaHUTEIHHOTO KjlallaHa Ha HarHeTaTeJbHON JMHHUH 32
KOMITIPECCOPOM;

- aBTOMATHYECKUH KOHTPOJb U PETYIMPOBAHUE TEMIICPATYPHl CKUMAEMOTO
raza TyTeM HW3MCHEHHUS pacxoja OXJaKIAIOIIeH KUIKOCTH, IT0AaBacMOil B
XOJIOTMJTbHUKW;

- 000pyI0BaHUE aBTOMAaTHYECKOU CUCTEMOU OJIOKMPOBKH,
00ecIeunBaroIIe OTKIIOUEHNE KOMIIPECCOpa B ClIydae YBEIWUCHUS JaBICHUS WU
TEMIIepaTyphl ra3a B HArHETATEeIbHBIX JTUHUSIX;

- OYHCTKA TEIUIOOOMEHHON MOBEPXHOCTH XOJOJIWILHUKOB W BHYTPEHHUX
MOBEPXHOCTEH TPYOOIPOBOIOB OT HArapOMACISTHBIX OTIOXKeHHH [3].
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6.15 CraTnueckoe JIEKTPHYECTBO U AHAJIU3 €r0 NPUYACTHOCTH K
BO3HHNKHOBEHMIO MOKapa

DOneKkTpu3alus  JIUAJNICKTPUKOB  TPEHUEM  MOXKET  BO3HUKHYTh  IpHU
CONPUKOCHOBEHUH JBYX Pa3HOPOJHBIX BEIIECTB H3-3a Pa3IMUUsi ATOMHBIX U
MOJIEKYJISIPHBIX CHII. IIpy 3TOM MpPOUCXOIUT mepepachpeieIeHUE AIIEKTPOHOB C
oOpa3oBaHHEM Ha COMNPUKACAIOIIUXCS TMOBEPXHOCTAX JJICKTPUUYECKUX CIOEB C
MPOTHUBOIOJIOKHBIMU 3HAKAMU DJIEKTPUYECKUX 3apsanoB. lloiydeHHas pa3HOCTH
MOTEHIIMAJIOB COMPUKACAIONIMXCS MOBEPXHOCTEH 3aBUCHT OT psifa (PaKTOpOB —
JUAJIEKTPUYECKUX CBOMCTB MAaTEpHaloOB, 3HAYEHUS MX B3aMMHOIO JABJICHUS MpU
CONPUKOCHOBEHHH, BJIAKHOCTH MW TEMIEPATypbl MOBEPXHOCTEH 3THUX Ted,
KJIIMMaTU4YeCKUX yciaoBui. Ilpyu mocienyroniemM pas3ieneHun 3THX Tell KaKI0€ U3
HUX COXPAaHSAET CBOM 3JEKTPUUYECKUN 3apsifl, a C YBEIUUEHUEM PACCTOSHUS MEXKIY
HUMH 3a CYET COBEpLIaeMOil paldoThl MO Pa3ENCHUIO 3apsA0B, PA3HOCTb
MOTEHIIMAJIIOB BO3PACTAET U MOKET JOCTUTHYTh JIECATKOB U COTEH KWJIOBOJIBT.

Hakonurenu MuHycC 3apsiia - NOJIUITUICHOBBIE MAKEThI, MOJIMCTUPOIbHBIN
IIEHOIUIACT, YEJOBEYECKOE TEJIO MPH XOXKACHUM 10 ULIEPCTIHOMY KOBDY,
IJIACTMAcCCOBAas pacyecka.

Hakonwurenu miroc 3apsnaa - cyxas NOJIMypPETaHOBasi MOHTaXHasl I€Ha, ECIH
e€ CoKaTh PyKOH, BOJIOCHI ITPH pacUEChIBAHUU TUIACTUKOBOM pPaCYECKOM.

Korga wuyenoBek, Teno KOTOPOro HAal’IEKTPU30BAaHO, JOTParuBaercs 0
IIPOBOJIHUKA HAKOIUICHHBIN 3apsj] pa3psbKaeTcs, a YeJIOBEK MOJYUYUT JIETKUU ylap
TOKOM.

DNEeKTpOCTaTUYECKUI  pa3psii  MNPOUCXOAUT TMPU  OYEHb  BBICOKOM
HaIlpsDKEHUM W YpE3BBIYAHO HHU3KUX TOKax. lIpocroe pacuecbiBanue BOJOC B
CyXOll JIeHb MOXET TMPUBECTH K HAKOIUIEHUIO CTaTHYECKOro 3apsja cC
HaIpsHKEHUEM B JIECATKU THICAY BOJIBT, OJJHAKO TOK €ro OCBOOOXKIEHUs OyIeT
HACTOJBKO MaJl, YTO €ro 3a4acTyl0 HEBO3MOXHO OyleT Jake MOYyBCTBOBATb.
VIMEHHO HU3KHE 3HAYE€HMsI TOKA HE JAl0T CTATUYECKOMY 3apsiy HAHECTH YEJIOBEKY
Bpe, KOrja MpOUCXOIUT MIHOBEHHBIN pa3psi.

C npyroii CTOpOHBI TaKUE HAPSHKEHUSI MOTYT OBITh ONACHBI JJIsl 3JIEMEHTOB
pa3IMYHBIX JEKTPOHHBIX NPUOOPOB - MUKPOIPOLIECCOPOB, TPAH3UCTOPOB U T.II
[Toaromy mpu paboTe ¢ paguodJIEKTPOHHBIMU KOMIIOHEHTaMHU PEKOMEHIYETCs
IIPUHUMATh MEPBI 110 NPEIOTBPALLECHUIO HAKOIUIEHUS! CTATUYECKOT0 3apsiaa

IIpu orpaboTke BepcHM O BO3HMKHOBEHHMs TMOXkapa OT CTaTUYECKOIro
AIIEKTPUYECTBA TIPEXKAEC BCETO HEOOXOAUMO YOEIUTHhCS B HAJIMYMM Ha MECTe
no)kapa Tmpoliecca, NPHUBOJAIIETO K HAKOIJICHUIO 3apsifoB CTaTHYECKOrO
AIEKTPUYECTBA.

K nmpomeccam, coOnpoBOXIAIOMIKUMCS BO3HMKHOBEHHEM CTATHYECKOTO
AIIEKTPUYECTBA, OTHOCSTCS:

1) nBr>keHne ra30HeTIHON CMECH B CTBOJIC CKBAYKUHBI,

2) TpaHCTIOPTHUPOBKA KUJAKUX TUIIEKTPUKOB IO TPYOOIIPOBOIAM;

3) 3amoJyiHeHHe WK OTIOpaKHUBAaHUE pe3epByapa HepTENPOIYKTaMU;

4) cBoOomHOE TaJeHWE CTPyd WM OypHOE  TepeMelInBaHUe
He(DTENPOTYKTOB;
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5) Npou3BOACTBO PE3WHOBOIO Kiesl B KieeMellalkax (pa3psibl HE MOTYT
NEPEeUTH Ha 3a3€MJICHHBII KOpIYyC, T.K. Ha BHYTPEHHEH IMOBEPXHOCTHU KOpILyca
oOpasyercs cyxas IUICHKa KJiesl);

6) mpomaska pE3MHOBBIM KJI€EM XJIOMYaTOOYMa)KHbIX, KAIlpOHOBBIX H
BHCKO3HBIX TKaHEW Ha MPOMAa30YHbIX MallIMHAX;

7) pabGoTa TKalKuX, NPSAWIBHBIX CTAaHKOB (TpU JBHXKEHUM HUTHU IIO
METAJJINYECKON TOBEPXHOCTH);

8) nBrxkeHue Oymaru (Ha OymarojenaTelbHbIX MalllMHAX, B TUIIOrpadusx, B
CBETOKOMUPOBAJIbHBIX MAIIINHAX);

9) mpou3BOACTBO Pa3IMYHBIX BUJOB IIACTMACC;

10) nBmkeHHe ra3oB MO BO3AyXOBOAaM (OCOOEHHO, €CIHM B ra3e MMEITCA
B3BELICHHBIE TBEP/bIE YACTHUIBI);

11) paboTa ¢ MPOMBIBOUHBIMU KUIKOCTSIMHU;

12) cnonackuBaHue OOTUPOUHBIX MAaTEPUAIOB B IPOMBIBOUHOM KUAKOCTH;

13) oTxrMaHue OOTUPOYHBIX MATEPHAJIOB;

14) skcmutyaranys peMeHHbIX TPAHCMHCCUOHHBIX Mepeay;

15) HomeHue oex bl U3 KallpoHa, HEUIOHA, JaBcaHa, LIeJIKa.

B nHeBMOTpaHCIOpPTE  3JEKTPU3ALMS  TPAHCHOPTUPYEMBIX  YACTHIL
IPOUCXOAUT Ha BCEM MPOTSHKEHUU JIMHUM, a pa3psaa - B eMKocTsax (OyHKepax,
LIUKIOHAX W Jp.), TJI€ BCIEICTBHE OCEHaHUS YaCTHUIL[ PE3KO YBEIMYMBACTCS
o0ObeMHas IUIOTHOCTh 3apsiioB, YTO MPUBOJUT K YBEJIWYEHUIO HANPSKEHHOCTH
ANEKTPUYECKOTrO MOJIS A0 BHICOKUX 3HAYEHUH.

[locne BbIABIEHHS TMpoliecca WM SIBJIEHUS, CIOCOOHOTO MPUBECTU K
00pa30BaHUIO CTAaTUYECKOTO JJIEKTPUYECTBA HEOOXOAUMO BBISIBUTH HaJU4Me
rOpIOYEro Marepuana, ClioCOOHOTO BOCIJIAMEHUTBLCS OT €ro pas3psi/ioB.

Cpenoif, cmnocoOHOW BOCINIAMEHUTHCS OT  pa3psIoB  CTATUYECKOTO
JIEKTPUYECTBA SIBJISIETCSl Ta30MAPOBO3AYIIHAS WM TBUICBO3IYIIHAS CMECh B
KOHLIEHTpaL1H, COOTBETCTBYIOLIEHN IIpeiesaM BOCIUIAMEHEHUS.

BeposiTHOCTh BO3ropaHusi O4eHb BEJIMKAa Ha MOJUTpaUUYECKUX U APYTUX
NPEANPUATHAX, TJI€ UCITONIB3YOTCS JETKOBOCILIAMEHSFOLUECS PACTBOPUTENH.

B omacHpix 30Hax Haubosee  pacHpOCTPaHEHHBIMU  HCTOYHHKAMHU
BO3rOpaHUs SBJSIOTCS HE3a3€MIIEHHOE 000pYyI0BaHUE U TOJIBUKHBIE TPOBOJHUKH.
Ecnn Ha omeparope, HaxozsIieMcss B ONMACHOM 30HE, HaJeTa CHOPTHUBHAs OOYBb
WK Ty(QJau Ha TOKOHENPOBOMSILIEW MOJOIIBE, CYIIECTBYET PHUCK, YTO €ro Telo
OyZneTr TreHepupoBaTh 3apsii, CIOCOOHBIM  CIPOBOIMPOBATH  BO3TOPAHME
pactBoputenien.  HeszazemiieHHbIe  mpoOBOASIIME  JCTAIM  MAallAH  TaKkKe
MPEACTABIISIIOT OMACHOCTb.

CnocobHOCTh paspsija MpOBOLMPOBATH BO3FOPAaHUE 3aBUCUT OT MHOTHUX
nepeMEeHHBIX (DaKTOPOB:

- THIIA pa3psaaa;

- MOITHOCTH pa3psaa;

- ICTOYHMKA pa3psaa;

- SHEPIUH pa3psaa;

- HaJTM4Ms JIETKOBOCTUIAMEHSIIOIIEICST cpeibl (pacTBOpHUTENEed B Ta30BOM

124



(aze, IBLIM WU TOPIOYUX KUIKOCTEN);

- MUHUMAaJIbHOMAHEpruu BociuiameHeHus (MOB) nerkoBocmiaMmeHstomencs
CpEBbl.

Tunsl pazpsajga

CymiecTByeT TpU OCHOBHBIX THIIA — HUCKPOBOW, KHUCTEBOM M CKOJB3SIIUI
KUCTEBOM pa3psanapl. KopOoHHBIM pa3psl B JaHHOM Ciydyae BO BHHUMaHUE HE
MPUHUMAETCS, T.K. OH OTJIMYAETCA HEBBICOKOM SHEPrued W MPOUCXOIUT
JIOCTATOYHO MeJyIeHHO. KOpOHHBIN paspsig yamie BCEro HEONAaceH, €ro CIEAYeT
YUYUTBIBATh TOJBKO B 30HAX OYEHBb BBICOKOW MOKAapPO- U B3PHIBOONIACHOCTH.

Hckposoii pa3psa

B OCHOBHOM OH HCXOOUT OT YMEPEHHO IPOBOASALIETO, JJIEKTPUYECKHU
W30JIUPOBAHHOTO O0BEKTA. ITO MOXKET OBITH TEJIO YEJIOBEKA, JIeTajlh MAIIUHBI WU
MHCTpyMeHT. lIpeanosaraercs, 4To BCsl SHEPrus 3apsa pacceuBaETCs] B MOMEHT
uckpeHusa. Ecmu sHeprus Beiie MOB mapoB pacTBOpUTENS, MOKET NMPOU30MTH
BOCILIAMEHEHUE.

Kucresoii paspsn

KucrteBoil paspsii BO3HUKAET, KOIZAa 3a0CTPEHHBIE YacTH JeTaleu
00Opy/lOBaHUSl KOHLIEHTPUPYIOT 3apsii Ha IOBEPXHOCTIX AMDIEKTPUUYECKUX
MaTE€pUAJIOB, U30JALIMOHHBIE CBOWCTBA KOTOPBIX NPUBOAAT K €r0 HAKOIUICHMIO.
Kucresoii pa3psan otnndaercs 0osiee HU3KOM 3HEPTUE 10 CPaBHEHUIO CUCKPOBBIM
M, COOTBETCTBEHHO, IPEICTABISIET MEHBIIYID OIACHOCTh B  OTHOLIEHUU
BOCIUIAMEHEHUSL.

CKoab31MHi KUCTEBOM pa3psa

Cxonp3s1Mil KUCTEBOM pa3psl MPOUCXOIUT HA JIMCTOBBIX WJIM PYJIOHHBIX
CUHTETHYECKUX MaTepHaax C BBICOKMM YJEJIbHBIM CONPOTUBIECHUEM, UMEIOIINX
MOBBIIEHHYIO IUIOTHOCTH 3apsiia W PA3HyI IOJSIPHOCTh 3apsifoB C KaKIOU
CTOPOHBI MOJIOTHA. Takoe sIBI€HHE MOXKET ObITh CIIPOBOLUPOBAHO TPEHUEM HIIU
pacnbUIEHUEM MOPOUIKOBOTO MOKPHITHS. D(PPEKT cpaBHUM € pa3psAIKOil MIOCKOro
KOHJICHCATOPAa M MOXKET IPEIACTaBIIATh TAaKyK) >K€ OINACHOCTb, KaK HCKPOBOM
paspsz.

HcTouyHuK U 3Heprus pa3psaaa

BenmvuvHa w reoMerpus pacnpenesieHHs 3apsna  SBISIOTCA  BaXHBIMU
daktopamu. Yem OGombiie o0beM Tena, TeM OOJbIINE HPHEPTUUA OHO COACPIKUT.
OcTppi€ yIriibl MOBBIIAKOT MOIIHOCTB MOJIS U MOAAEPKUBAIOT PA3PSAIBL.

Eciu oObekT, HMEONMil »HEPrui0, HE OYEHb XOpOIIO MPOBOAUT
AIEKTPUUECKUI TOK, HAlpUMEpP, YEJIOBEUECKOE TEJ0, COMPOTUBICHHE OOBEKTa
Oyner ocnalisaTh pas3psl W TMOHWXKATh ONAcHOCThb. J[JI1 ueroBedYecKoro Tesa
CYILIECTBYET S3MIHUPHUYECKOE MPaBUIIO: CUYUTATh, YTO JIOObIE PACTBOPUTENU C
BHYTPEHHEW MUHHMMalbHOM SHeprued BocruiameHeHuss MeHee 100 mlx moryr
BOCIUIAMEHUTBHCA HECMOTPS. HA TO, YTO JHEPrus, COAEp)KAIlascsi B TEIE, MOXKET
OBITH BBIIIE B 2 — 3 pa3a.

MuHumaneHass ~ DHEprus  BOCIUIAMEHEHHs  pPAacTBOPUTENIEW M HX
KOHIIEHTpAIUsl B OMACHON 30HE SBJIAIOTCS OYEHb BaXKHbIMH (axTopamu. Ecim
MHHMMAaJbHasl YHEPTUs BOCIUIAMEHEHUSI HUXKE JHEPIUM pa3psia, BOZHUKAET PUCK
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BO3TOPAHMSL.

WNHorna, B ciaydyae MOBBIIMIEHHOTO COAEpKaHUSA KHUCIOpoja (Hampumep, B
MEIUIIMHCKOM  Oapokamepe) OT  CTaTHYECKOTO  DJIEKTPUYECTBA  MOTYT
BOCIUJIAMEHUTHCS TBEPAbIE TOPIOYNE MAaTEPHUAIIBI.

CnenyomuMu maraMd TOpd  OTpabOTKE JAaHHOM BEpPCUU  SIBIISIIOTCSA
BBISICHEHHUS YCJIIOBHM, IPU KOTOPBIX MPOU3OILIEI TOXKap.

[Ipu mpennonoX)eHuu, 4To MPUYMHOW MoKapa ObUT AIEKTPOCTATUYECKUN
pa3psia, HE0OX0UMO MPOBEPUTH:

3) 3a3eMJIeHUE U30JIMPOBAHHBIX MPOBOIHUKOB;

4) BHQXHOCTh M CTENEHb WMOHU3ALMHU BO3AyXa (AJIEKTPUYECKHUE pa3psabl
MOTYT B3aMMHO HEMTpaIu30BaThbCs BCIEACTBUE HEKOTOPOU AJIEKTPOIPOBOIHOCTH
BJIQYKHOTO BO3JlyXa WJIM €T0 MOHW3AIMH, TIPU BIAKHOCTH Bo3ayxa Oonee 85 %
CTaTUYECKOE JIEKTPUUYECTBO MPAKTUUECKU HE BO3HUKAET);

5) xapakTep BO3HMKHOBEHHMsS TOpPEHHUS OT pa3psjoB CTaTUYECKOTO
AJEKTPUUECTBA OYEHb JUHAMUYHBIN, COMPOBOXKIAETCS BCIIBIIIKON WM B3PHIBOM
[3].

ATMocC(epHOe IeKTPHIECTBO

B pesynbpraTe nBWXKEHHS BO3YIIHBIX MOTOKOB, HACHIIIECHHBIX BOISHBIMU
napamu, o0pa3yroTcsi TpO30Bble 00JIaKa, SBIISIOIIMECS HOCUTEISIMU CTaTUYECKOTO
AIIEKTPUYECTBA. DJIEKTPUUECKUE Pa3pslibl 00pazyrOTCs MEX]y Pa3HOMMEHHBIMHU
3apsSHKEHHBIMU OOJIaKaMU WJIM, Yalle, MEXIY 3apsyKEHHBIM OOJaKOM W 3eMJIEH.
[Ipn nOCTHXKEHMHM ONpPENEEHHOM Pa3HOCTH IMOTEHIMATIOB MPOMCXOAMUT pPa3psia
MOJIHUH MEKy 00JIaKaMu WM Ha 3eMJIIE.

K pa3psanam atMochepHOro 31eKTpuYecTBa OTHOCATCS:

- TIpsiMble yAapbl MOJHUHU, ONacHOCTh MPSMOIO yiapa MOJHUU COCTOUT B
KOHTAaKTe TOprOYeil Cpejibl C KaHAJIOM MOJIHMH, TEMIIEpAaTypa B KOTOPOM JOCTUTAET
2000°C npu Bpemenu neiictBus okoso 100 mMkc. OT mpsAMOro yaapa MOJHHU
BOCIUIAMEHSFOTCS BCE TOPIOYUE CMECH;

- BTOPUYHBIC MPOSBICHUS MOJHHH - UCKPOBBIE pa3psijibl, BOSHUKAIOIIUE B
pe3yiapTaTe HMHIYKIMOHHOTO M 3JEKTPOMAarHUTHOTO BJIMSHHUS aTMOC(HEPHOIO
JIIEKTpUYECTBA HA TPOU3BOACTBEHHOE O0OpylOBaHUE, TPYyOONpOBOJABl U
CTPOUTENIbHBbIE KOHCTPYKIUHU. DHEPTHSI UCKPOBOro pazpsiaa mnpesbimaer 250 m/lx
M J0CTaTOYHa JJIi BOCIUIAMEHEHHUS HEKOTOpBhIX TOpPIOYMX BemecTB (C
MUHUMAaJIbHOU 3Hepruen 3axuranus 0,25 Jx).

3aHOC BBICOKOTO TOTEHIMAJa B 3[AaHUE MPOUCXOJUT MO METATITMYECKUM
KOMMYHHUKAIIMSAM HE TOJIBKO MPU MX MPSAMOM IMOPAKCHUM MOJHHEH, HO W TIpH
pPacnoyioKEHUU KOMMYHUKALIMA B HEMOCPEACTBEHHOM OJIM30CTH OT MOJIHUEOTBO/IA.
[Ipu HecoOmofeHNM OE30IMaCHBIX PACCTOSHUM MEXIYy MOJHUEOTBOJIOM U
KOMMYHUKAIUSIMU, SJHEPTUsl BOBMOXHBIX UCKPOBBIX Pa3psI0B JOCTUTAET 3HAYEHUIN
100 JIx m Gonpmie. To ecThb MocTaTOYHA MJIS 3aropaHusi MPAKTUYECKUA BCEX
roprouunx Beriects[3].
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6.16 Oco0eHHOCTH PAa3BUTHA MOKAPOB, HAYMHAIOUIUXCS €O CTAAUM
TJICIOLIEr0 ropeHust

WNuorna, ocoOEHHO B MPEKHUE TOAbl HUCTOYHUKU 3aKUTaHHUS Majou
MOIIIHOCTHU MPUHATO ObLIO Ha3bIBaTh HU3KOKATOPUUHBIMU. OJTHAKO, KAJIOPHUs - ITO
CAVHUIIA WM3MEPEHMs] SHEPTUM, a 3aKUTrarolas CIHOCOOHOCTh OMNpENEseTcss He
CTOJIBKO  JHEPrUe€W  MOTEHIMAJIbHOTO  HWCTOYHUKA  3aXKUTAHUSA,  CKOJIBKO
KOJIMYECTBOM 3TOM SHEPI'UH, BBIICISIEMBIM B €IUHUIY BPEMEHH, T.€. MOIIHOCTBIO.

Cpenn MCTOYHMKOB 3a)KUTaHUS MAJOW MOIIHOCTH JIMJUPYIOIIEE MECTO IO
KOJIMYECTBY BO3HUKAIOIINX MOKAPOB 3aHUMAIOT TIICIOIIME Ta0auyHble U3AEIIHS, WU
MONPOCTY TOBOPsI OKypKH. BooO1ie, Tiieroliee ropeHue - 3To 00s13aTenpHas cTaaus
IIPU BO3HMKHOBEHUM II0KAPA OT HMCTOYHHMKOB 3aKUTAHUS MajJOM MOIIHOCTH.
BrniocnencTtBum 3ta cTagus MOXKET MEPEUTH WU HE IEPEUTH B CTAJIUIO TNIAMEHHOTO
TOpPEHUSL.

Tnenune mnpencraBnsger co0oil  HU3KOTeMIlepaTypHoe AUQPQPY3HOHHOE
TOPEHHUE MOPUCTOTO CIIOA TBEPABIX TOPIOUMX MATEPHANOB (MM JKUIKUX TOPIOUUX
MaTepUaJioB Ha TBEPJBIX HOCUTENSAX), HE COIMPOBOXKIAEMOE TOSIBJICHUEM
OTKPBITOTO TUIAMEHHU.

Kak u mpu orpaboTke HHBIX BEpCHMH O NPHUYMHE TOXKapa, B BEPCHH O
MaJOMOIIHOM HCTOYHUKE B3aKUTAaHUS HEOOXOJIMMO OTBICKaTh CaM HCTOYHHK
3akuranus. OgHako mpu OTpabOTKE NaHHOM BEPCUU HAa NEPBBIA IJIAH BBIXOJUT
MOUCK CHEU(PUYECKOTO TOPHOYEro Marepuaina, KOTOpbId MOr Obl OT JaHHOTO
UCTOYHUKA 3aroperbes. [loaTomMy, BaKHEMIIMMHU 3aJadyaMH  PacCleIOBaHUs
noxkapa npyv HAUIMYUKM NCTOYHHUKA 3QKUTAHUSA MAJIONM MOIITHOCTH SIBJISTFOTCSL:

1) ycTaHOBJIEHHE UCTOYHHMKA 3aKUTaHUS;

2) BBIABIIEHHE MATEPUAJIOB, CIIOCOOHBIX K TJICIOIIEMY TOPEHUIO;

3) ycTaHOBJIEHHE YCIOBHM, TPU KOTOPHIX BO3ZMOXKEH MPOLIECC TICHUS;

4) BbISICHEHUE NUHAMHKU Pa3BUTHUS TOPEHHS U BO3MOKHOCTHU TEpExXoja OT
TJIEHUS K TJIJAMEHHOMY TOPEHHUIO.

B cnywae Tieromero tabauHOro uM3aenus mneppas ctaaus paboT OTHaaaerT,
IIOCKOJIbKY MCKaTh Ha MECTE I0)Kapa TOT CAMBIM OKYPOK, OT KOTOPOTO HayajoCh
TOpPEHHE 3aHATHE OECCMBICIEHHOE.,

TennoTa cropanusi TOPIOYNX MAaTEPUATIOB B PEKUME TIICHUS PEaTnu3yeTcs He
MTOJIHOCTBIO, B CBA3U C OTHUM, OIACHOCTbH TJIEHUSA KAaK TAKOBOTO C TOYKH 3PEHUS
TEIUIOBOT'O BO3JEHCTBUS CYIIECTBEHHO HUKE, YEM IIPU IJIAMEHHOM TOPEHUMU.

C npyroi CTOpOHBI, HETIOJHOE CTOPaHUE MATEPUAJIOB MPU TIEHUU SIBIIACTCS
OPUYUHONM O00pa30BaHUsl 3HAYUTEIBHOTO KOJUYECTBA MPOJYKTOB HEMOJIHOTO
OKHUCJICHUS], SBIISIIOUIMXCS, KaK MPaBUIIO, 00Jieeé TOKCUYHBIMHU, 1O CPABHEHUIO C
BBICIIMIMH OKHCJIaMU, a TaK)Ke CIIOCOOHBIMU K JalbHEHIIEeMy TOPEHUIO yKe B BUJIE
ra3oBO3IYyIIHBIX CcMeced. IIpy >TOM BO3HHUKAKOT ONACHEWIIME BTOPUYHBIC
MPOIIECCHI Ha TTOXKape, TaKKhe, Kak MpoOeKKa TIaMeHH, O0IT[asi BCIIBIIIKA, MOTYIIHE
MPUBECTU M K 0Opa30BaHHMIO BTOPUYHBIX OYAroB ropeHus. YacTo Takue moKaphbl
COIIPOBOKIAIOTCS B3PbIBAMU.

Hanmvuve Ha mecTe mokapa JBYX OYaroB TOpPEHUSI HE BCEraa SBISIETCA
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MPU3HAKOM MOJKOTAa. BTOpUYHBIM oyar MOXET, B YaCTHOCTH, BO3HUKHYTh U OT
BOCIUUJIAMEHEHUSI Ta30BO3JYIIHOM CMECH TMPOJYKTOB HEMOJIHOTO CrOpaHHs C
BO3yXoM. M 3T0 0OCTOSTENHCTBO HEOOXOAMMO 00s3aTE€IBHO YYHMTHIBATH IPHU
paccieioBaHUM MOXKapoOB, B OCOOCHHOCTH, €ClIM B JUHAMHUKE IM0Kapa BbISBISETCS
CTaJusl TIICHUS.

Eme ogHa omacHOCTh TJCIOMIETO TOPEHUs  3aKJIlo4yaeTcss B €ro
OTHOCUTEIBHOM CKPBITHOCTU. W eciii 10 BOSHUKHOBEHHUSI TOKapa TICHUE MOXKET
MPOSIBUTHCSL B BUJE JbIMa WJIM 3amaxa, O YeM HEOOXOJMMO Y3HATh MPU OMPOCe
OUYEBHJILICB, TO Cpa3y MOCIe Tokapa Takue (aKTOPhI YK€ HE OYCHB-TO 00paIiaroT
Ha ce0d BHUMaHME. Mexay Tem, 4acTO BO3MOXKHO MPOJOKEHUE TICIOIIETO
TOPEHUSI MOCJe, Ka3ajJoch Obl, MOJHOM JIMKBUAAIIMU MOXKapa, B OCOOCHHOCTH B
Oayikax MEXTYITaKHbBIX MEPEKPBITUM, BO BHYTPEHHUX YACTSAX JECPEBSIHHBIX CTEH.
DTO MOXET MPUBECTH K BTOPUYHOMY TMOXKaApy, a NPU PacciIeJOBAHUM TaKOTO
cllydyasi CHOBa MOKET HAIPOCUTRCS BbIBOJ O mopxore[10].

BrisiBiIeHHe MaTepuAaJIOB, CIIOCOOHBIX K TJICHUIO

Pematomum (akTopoMm, ONpPENeNsIOmUM BO3MOXXHOCTh BO3HUKHOBEHMS
no’kapa 4epe3 CTaJUI0 TICHHUSA, SBIAIOTCS CIHOCOOHOCTh K TIIGHHIO MaTepuala,
OKa3aBIIErocsi B KOHTAKTE C MAJIOMOIIHBIM UCTOYHUKOM 3aKUTaHUS.

Tonpko mMOpUCTBIE MaTepualbl, KOTOpPHIE NpPU HArpeBaHUU OOPa3yIOT
TBEpAbIA  YIIUCTBIA  OCTaTOK  MOTYT  NIPETEPHEBATH  CAMOCTOSTEIBHO
MOAACP>)KUBAEMOE TJICIOIIEE TOPEHUE.

Kpyr BemiectB, CHOCOOHBIX K TJEHHUIO BeChbMa MIUPOK: TOpd, YrojbHas
MbUTb, APEBECHBIC OMWJIKU, CEHO, TpaBsiHas MyKa, OTpyOHu, My4Has MblJIb, MHOTHE
TKaHU U JPYTrUe TEKCTUJIbHBbIE W3Aeaus (JICHTBI, IIHYPHI U T.1.), Oymara, Tabak u
TabayHbIe U3/EIIUsI, HEKOTOPbIEC TETUIOM3OJISIIMOHHBIC MaTEepPUaIbl, MPOKIIATOYHBIC
MaTepualbl (HarmpuMep, MEeHOMOJINYPETaH - OCHOBHOM KOMIIOHEHT COBPEMEHHOM
MATKON MeOenn), BaTa, Oymara, IpeBeCHOBOJIOKHUCTHIC TIITUTHI.

HekoTtopbie BUIIBI TOPIOYMX MAaTEPUATIOB CIIOCOOHBI KaK K TJICHHIO, TaK U K
IJIAMEHHOMY TOPEHUIO, JAPYTU€ MOTYT TJETh, HO HE CIOCOOHBI YCTOWYHBO
MJIAMEHHO TOPETh UM HA00OPOT.

Kpome mpuponbr marepuana, criocOOHOCTh K TJICHHUIO OYEHb CYIIECTBEHHO
OTpeNeNsIeTcs €ro CTPYKTypod (mopuctocThio). IIpakThuecku HEBEpOATHOU
CIeAyeT CUUTAaTh BEPCHI0 O BO3HUKHOBEHUHU MOXKapa 4Yepe3 CTaJuI0 TIEHUS OT
MaJIOMOIITHOTO HMCTOYHUKA 3aKUTaHUs HEMOKPBITOM MOBEPXHOCTH JIEPEBSIHHOTO
CTOJIa WM TIOJIa, KPBIIIM, TOKPHITOM pyOepoHJOM WM TI0JIa, TOKPBITOrO
MOJMBUHWIXJIOPUIHBIM JIMHOJIEYMOM. A BOT OKYpPOK, MOMAaBIIUM B JAPEBECHYIO
SNy WIK OMUJIKH, MOXKET MPUBECTU K X TICHUIO.

PaccMoTpum HEKOTOpBIE MaTepHuaibl, 0CO00 CKIOHHBIE K TJIICHHIO.

Crion MEeJTKOIUCIIEPCHBIX TOPHOYUX MaTepuasioB. Takoro pojaa Matepualbl,
HaIMpUMep, IPEBECHBIC OMUIIKU, CyX0H Topd U Jp., BECbMa CKJIOHHBI K TJIICHHIO.

He/utr0103abIe MaTepuabl. HucTas 1EJUTI0JI03a MAJIO CKJIIOHHA K TJIEHUIO.
["opazno Gosbile CKIOHHBI K 3TOMY XJIOTIOK M BUCKO3a.

Koxu pactutenbHoro ayOneHuHs, TMPOW3BOAUMBIE IO CTAPUHHBIM
TEXHOJIOTUSIM, He TieloT. Koxu XpoMoBOro myOiieHus, mporieane oopadboTKy
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COOTBETCTBYIOIUMH XHUMPEAKTUBAMH, TICIOT. DTO OOCTOSTEIHCTBO MPUBOIUIIO K
HEOJHOKPATHBIM 3arOpaHusAM Ha KOXKEBEHHBIX MPEAIPUATHSIX.

IleHomomypeTaHbIMSTKHE MIEHOIIOJINYPETAHBINCIIONIB3YEMBIE, B
YaCTHOCTH, MPU U3TOTOBJICHUH MATKON MeOenn, crnocoOHbI K TiieHuto. OaHu copTa
TJICIOT B U30JIMPOBAHHBIX YCIOBUSX. [[pyrue - TOJBKO B KOHTAKTE C TJICIOLIMMHU
MaTepraiaMH.

IHenogenomacTbIITH MaTepUaJIbl MOJBEPraroTCs MPOIIECCY,
Ha3bIBAEMOMY TJICIOLMM THUEHHEM. BO3ZHUKHYB OT UCTOYHHUKA 3aKUTaHUSI MaJlON
MOIITHOCTH (HampuMmep, OKypKa), OH MOKET NPOJOJLKAThCA N0 TeX MOop, MOKa
IpoIeccoM He OyZIeT 0OXBaueH Bech 00paserl. J{pIM mpu 3ToM ouTH He oOpa3yeTcs,
a JeTydyde ra3o00pa3Hble MNPOAYKTHI  pacnaga o0JafgaloT  OPUSTHBIM
AHTUCENTUYECKUM 3alaxoM, 4YTO 3aTPyAHSET paHHee OOHApPYKEHUE TaKUX
MTOXKAapOB.

BrisiBJIeHHEe BO3MOKHOCTH OCYIIECTBJICHHS YCJI0BHIA, HEOOXOAMMBIX JIJIsI
TJICIOLIEro ropeHms.

JInsl yCTOMYMBOCTH TJCIOLIETO TOPEHHs, TOMUMO MOPUCTOCTU MaTepuaa,
JIOJDKHBI OBITH BBITIOJTHEHBI, TT0 KpaitHel Mepe, J1Ba yCIOBHUSA:

1) mocTaToyHO BBICOKAs CKOPOCTH MOJIBOIA OKUCIUTENS K 30HE PEaKIINH;

2) Masible TeIUIONOTEPH U3 30HBI PEAKITUH.

OTu J1Ba yCiaoBus Bpoje Obl MPOTUBOJEHCTBYIOT ApyT Apyry. B camom gene,
aKTHBHAs a’paliysi CHOCOOCTBYET YBEJIMUCHUIO TEIIOOTBOAA. 3HAUUT, YCIOBUS JIs
TJICHUSI MOTYT PEIM30BBIBATHCS B JOCTATOUHO CIEIIU(PUYHBIX CIIydasx.

CoueraHne yKa3aHHBIX YCIOBUM MOXET OCYIECTBIISITECA B KPAeBbIX 30HAX
COMPUKOCHOBEHUS PA3IUUYHBIX MPEIMETOB, OJUH U3 KOTOPBIX (WU 00a) CKIOHHBI
K TJCIOLEMY TOPEHHIO. JTO MOTYT OBbITh WIETU MEXAY CHUHKOW U CUIACHUEM
Kpeciia, 0OpbIBKM OymMaru B MyCOpHOU KOp3UHE U T.II.

OcoObIii caydail COCTaBJISCT TJICHHE TOPHOYUX KUAKOCTEeH. JKUIKOCTh B
Macce CBOEHM He CMOoCcOOHa K TeTepOreHHOMY ropeHuro. OJHAKO eclid roprovas
JKUJKOCTh TMPOMUTANa >KECTKHM TOPUCTBIA MaTepuaja, TO OHa CTAaHOBUTCS
CrocoOHOM K TieHuto. [IpumMepoM MOXKET CIy>KUTh TerIou30Jsnus (0OIIMBKA)
BOKPYT TpYOONPOBOJOB, MO KOTOPHIM JABUKETCS KHUAKOCTh TMPU Pa3TUYHBIX
BBICOKOTEMIIEPATYpHBIX  MpOIEccax B  XMMHYECKMX YCTAaHOBKAax H  Ha
HedTenepepabarpiBaromux 3aBojax. OOBYHO MaTepHian OOIIMBKH SBISICTCS
HECTOpaeMbIM, HO B Cllydae HEUCIIPABHOCTH TPYOOINPOBOJA, MPU CJIa00N yTeuke
TOprOYEH KUAKOCTH W30JSLMOHHBIA MaTepuasl mponutTbiBaeTcs er. Ilpu
OTIPENICJICHHBIX YCJOBUAX TaKOW MaTepual MOXKET CaMOBOCIUIAMEHUTBHCS WU
HayaTh TJETh OT MaJOMOIIHOTO HMCTOYHUKA 3a)KUTAHUA. YCJIOBUS TICHUS, MPHU
ATOM, CIEAYIOIIHE:

1) >KUIKOCTh JOJKHA OBITH HEJOCTATOYHO JIETy4Ya, YTOOBI HE MPOUCXOIUIIO
ee OBICTPOTO UCTIAPEHUS;

2) oOmuBKa MODKHA OBITHh JOCTATOYHO TMOPHUCTOM, TO3BOJISIOIICH
KHUCIIOPOy CBOOOTHO COTPUKACATHCS C TTIOBEPXHOCTHIO BIIUTHIBAEMOMN KUIKOCTH;

3) yTeuka D0bKHA MTPOXOIUTH HE HACTOJIBKO OBICTPO, UTOOBI 3aIIOJIHUTH BCE
MOpbI MaTepuaia OOIMBKH, UCKIIFOUUB TEM CaMbIM BO3MOKHOCTb MPOHUKHOBEHUS
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KHCIIOPOJIa MEXKITY TTIOPAMHU.

[Toxxapsl Takoro pojaa MOTYT pa3BHUBaThCA HE3aMETHO B TEUYCHHUE
JUTUTEILHOTO BPEMEHU M OOHAPYKMBAIOTCS TOJBKO, KOT/Ia YTeUKa YBEIIMUUBACTCS
JI0 TaKHX pa3MepPOB, YTO BCs OOILIMBKA BCIbIXUBaeT[2].

BoisicHeHne AUHAMUKH npouecca TiaeHusi. CKOpocTh W TeMmmepaTrypa
TiaeHus1. [lepexoa oT TJIeHHs K IJIAMEHHOMY I'OPEHM IO

Cy1iecTByeT HECKOJBKO SMIUPUYECKUX 3aKOHOMEPHOCTEH, KacaroIIuXcs
CKOPOCTHU PaCIpOCTPAHCHUS TIICHHUS:

- CKOPOCTh ~ PACHpOCTPAaHEHHWS  TJICHUS BBEPX HMEET  TCHJCHIIMIO
MIPEBOCXOAUTH CKOPOCTh PACTIPOCTPAHCHHS B TOPU30HTAIHPHOM HAMPABIICHUM.

- CKOPOCTH TJICHUS BO3PACTAET C YBEIMYCHUEM KOHIICHTPAIIUU KHCIIOPOIa.

- CKOPOCThH TJICHUSI YMEHBIIIAETCS C YBEIIMUECHUEM BIIAKHOCTH MaTeprara.

Temneparypa TiaeHus B 2-2,5 pa3a HIWKE OOBIYHBIX TEMIIEpATyp
niGy3MOHHOTO TOPEHHUs TBEPIBIX TOPIOYMX Ha Bo3ayxe. Hu B omHOM U3
SKCIIEPUMEHTOB He 3a()MKCHUpPOBaHA TeMIeparypa TieHHs, npesbimaromas 600°C.
O6bI1uHO, OHa HaxoauTcs B mpegenax 150-400 °C, pexaxo 500°C.

[InamMeHHOE€ TOpEHHWE MOXKET YCTAaHOBUTHCA Ha IOBEPXHOCTH TBEPIOTO
BEILIECTBA JIMIIL B TOM ClIy4yae, €ClId CKOPOCTb BBIJICJICHHS JICTYYHUX IMPOIYKTOB
MPEB30MACT  OMNpENENeHHYI0 KPUTUYECKYH0 CKOpOCThb. JIms  JAOCTHOKEHUS
TeMIepaTyp, HEOOXOAUMBIX ISl 3TOr0 TPeOyeTCss OOJBIIOE KOJIHMIYECTBO BPEMEHHU.
OOBIYHO 3TO COCTABIIET HE MeHee 4-5 JacoB.

Tienne yka3aHHBIX BBIIIE MATEPHATIOB MOXET BO3HHKHYTh HE TOJBKO OT
MaJOMOIIHBIX, HO M OT OTHOCHTEJIHHO MOIIHLIX HCTOYHHKOB 3aKMT'aHHS,
HalpuMep WCKP W pacKaJleHHbIX YacTHI[ CBAapKH, KOHTAaKTa C HarpeTou
MOBEPXHOCTBHIO, BO3JECHCTBHUSI OTKPBITOTO OTHSA. TJIGHWE MOXKET HadaThCsl B
pe3ynbpTate caMoBO3ropaHus. HakoHer, cTaguell TIACHUS MOXKET B YCIIOBHSAX
HEJIOCTaTKa KUCIIOPO/ia 3aKOHYUTHCS TUIAMEHHOE TOPEHHUE.

Takum o00pa3oM, TICHHE BO3MOXHO W 0€3 MaJIOMOIIHOTO MCTOYHHKA
3KUTaHMUs, a BOT OOpaTHBIA XOJI COOBITHM, TO €CTh BO3HHMKHOBEHHE IOKapa OT
MaJIOMOIITHOTO MCTOYHHMKA 3aKUTaHWs O0e3 TJIEHHsS, KaK IPOMEKYTOUHOTO
npoiiecca nepej IIaMeHHbIM TOPEHUEM, TIPOU30MTH He MOXeT[2].

6.17 AHanu3 NPUYACTHOCTH K BO3ZHMUKHOBEHUIO IMOKAPAa TJIEHIIHX
Ta0AYHBIX M31eJTNH

OgHuM W3 PACIPOCTPAHCHHBIX TEIUIOBBIX HCTOYHHKOB BO3HHKHOBEHUS
nmokapa sBIIIETCS THCIomee TabayHoe wu3nenue. HawmOombinee KOJIMYECTBO
MO’KapOB IO 3TOH MPUYMHE MPOUCXOJNUT B KUJIBIX JIOMaxX, KBapTHpaX, OBITOBBIX,
MIPOU3BOJICTBEHHBIX M CKJIQJICKUX MOMEIICHHSIX, B MECTaX MPUMEHEHHUS TBEPIbIX
roprounx  MarepuaynioB. [lokapsl OT  THEOMUX  Ta0a4HBIX  W3JCTUI
XapaKTEPU3YIOTCS JJIUTEILHBIM BPEMEHEM pa3BUTHUS W YaCTO TMPOUCXOIAT B
MIEPBYIO TIOJIOBUHY HOYH, MMPUYEM TUOEIH JIIOJICH B OTOM Cllydae HACTyHaeT HE OT
TEPMUYECKUX TIOBPEKICHUH, a OT OTPABICHUS MPOTYKTAMHU TIACHUS.

Tneromme TabadHble W3AENUS OTHOCSATCS K MAJIOMOIIHBIM HCTOYHHKAM
3akuranus. Mx mojkapHas omacHOCTh OMPEEseTCs TEMIEPaTypoil U BpeMEHEM
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TineHus. Temreparypa B 30HE TJEHHS TabauyHbIX M3ACNUN W WX TIEIOLIas
CIIOCOOHOCTH 3aBUCST OT TEIUIOMU3UUECKUX CBOMCTB Tabaka u Oymaru, a Takxe OT
WHTEHCHUBHOCTH TOJIBOJIa OKUCIIUTEIS K 30HE TIICHUS.

CnocoOHOCTh OyMaru K TJICHHUIO OMpeensieTcsi €€ MOPUCTOCThbIO, KOTOpas
OTIPEJIEIISIETCSl COICPKAHUEM B HEH JIBHSHOTO BOJIOKHA. Yem Ooble JbHSHOTO
BOJIOKHA, T€M Jydllle TJEIIIas crnocoOHOCTh. CHUrapeThl BBICIIEIO KadyecTBa U
copTa M3rOTaBJIMBAIOTCS M3 BBICOKOTIEIOMEH Oymaru, coaepxamieit mo 100%
JHHSHOTO BOJIOKHA, W OOJQJaf0T XOpOIIeH Tiermeld crnocoOHOCThI0. Takue
TabauHbple W3JCNUS HMMEIOT JJIUTEIBHOCTh TIEHUS B mpenenax 18-27 MuH.
CurapeTsl BTOPOro COpTa M MAIMHUPOCHl EPBOTO COPTAa MEHEE CKIOHHBI K 3TOMY
MpoIeccy U TIeT Bcero 4-5 MuH. ThneHue TabayHBIXU3ICTUN W3TOTOBJICHHBIX C
npUMEHEeHHeM ciaboTieromell OyMaru, Kak MpPaBUIIO, CaMOIPOU3BOJIBHO
IIPEKPaIIAETCS.

Temneparypa B MecTe KOHTaKTa TJICIOIIMX TaOA4YHBIX U3JCIUNA C TBEPABIMU
roprounmu Matepuanamu gocruraet 400-540°C, a TemIoBoi MOTOK OT TIICIOIEH
curapeTsl coctaBisieT 6,7-13,3 Br.

C onHOW CTOpPOHBI, NPUBEIEHHBIE TEIUIOPUINYECKUE ITOKA3aTesn
CBUJECTENBCTBYIOT O BO3MOXHOCTH BO3HHMKHOBEHHMs ropeHus. Hampumep,
TEeMIEpaTypa BOCIUIaMEHHUE OOJIBLIIMHCTBA COPTOB JIpeBecHHbI cocTaisieT 240-260
°C, a TeMmeparypa caMoBociuiameHeHus — okomo 400°C. Opxmaxo,
IPOJOJKUTEIBHOCTD TEMIOBOIO BO3JEHCTBUSI OT MAKCUMAJIBHOW TeMIIEpPaTyphl 10
300 °C B MecTe KOHTAaKTa TICIOMETO TabauyHOrO W3ICIHS C MaTepPHAIOM
coctapisier 2-4 munyThl. lIpm 3Tom BeIgEnsiercs 800-3200 k. Drtoro Teruia
JOCTAaTOYHO JJIi HarpeBa [0 NOSBJICHUS MEPBbIX NPU3HAKOB TJIECHUS TOJBKO
MOPUCTBIX MAaTEpPUANIOB, 00JAAAIOUIMX XOPOIIMMHU TJICIOUIMMU CBOMCTBAMU U SIBHO
Majgo JUisi TOrO, 4YTOOBI MPOTrPeTh MOHOJUTHYIO JIPEBECHHY M O0ECHeYUTh
HEOOXOUMYIO JUIsl BOCIIJIAaMEHEHHSI KOHLIEHTPALIMIO FTOPIOYUX MapoB.

K marepuanam, He 001a1al0IUM CKJIIOHHOCTBIO K BO3TOPAHUIO OT TJICHOIINX
Ta0auHbIX M3/ACNUN, OTHOCATCS IUIOTHbIE MACCUBHBIE U3JEIHUs, a TaKkkKe
TEPMOTIACTHYHBIC TTOTUMEPHI[2].

IIpuyacTHOCTH TJEOIIEr0 TA0AYHOr0 H3AeJUsi K BO3HHKHOBEHHIO
MoKapa yCTaHABJIMBACTCS:

1) myTeM UCKIIOUEHUSI IPYTUX BEPCHil;

2) N0 HAJIWYUIO KOMIUIEKCA YCIOBHM, HEOOXOJUMBIX M JOCTATOYHBIX JIs
BO3HMKHOBEHUS TOPEHUS OT IaHHOT'O UCTOYHHKA;

3) mo xapakTepHOU UIsi MICTOUHUKOB MaJIO MOIIIHOCTH IMHAMUKE Pa3BUTHUS
TOpPEHUS;

4) MO HATUYMIO XapaKTEPHBIX MPU3HAKOB HU3KOTEMIIEPATYpHOTO MUPOJIU3a
(TJIeHHA) HA OKPYXKAIOIIUX KOHCTPYKIMAX U MPEAMETAaX.

C nocTatoyHOW yBEPEHHOCTBKO MOKHO TOBOPUTH O JAAHHOW NMPUYMHE, KaK
Haubosiee BEPOSITHOM, TOJIBKO B CIIy4ae MOJIOKUTEIBHOIO OTBETa, MO KpanHei
Mepe, 110 IEPBBIM TPEM, a €I JYULIE - [10 BCEM YETHIPEM ITyHKTaM.

YcaoBusi, HeOOXOAUMBIE U JTOCTATOYHbBIE ISl BOSHUKHOBEHUSI TOPEHHUS OT
TJICIOIIET0 TaOauHOTO U3/AETUS CBOJATCS K CIEIYIOIIEMY.
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3axkuraromias crnocoOHOCTh TJICIOLIEr0 TaOauHOTO U3JENHS 3aBUCUT OT €ro
NOJIOKEHUST Ha Martepuane. lIpy HAXO0XKIEHMM HCTOYHMKA 3a)KUTAaHUS BHYTPU
MaTepuaia, TO €CTh [P 3aryIyOJIEHUH, Ha 3JIEMEHTAPHYIO IUIOIIAKy IOBEPXHOCTH
MaTepuasa BO3JEHCTBYET OOJbIIee KOIMUECTBO TEIUIA, YEM MPU HAXOKICHUH €ro
Ha IIOBEPXHOCTH, TaK KaK B IIEPBOM CJIy4yae BCE TEILIO PACXOMYETCsl HA HarpEBaHUE
MaTepHuasia v €ro BO3rOpaHue.

Oxka3blBaeT BIIMSHUE HA 3aKUTAIOLIYI0 CIIOCOOHOCTh TICIOUMX TaOadHbIX
W3EJIMM ¥ BO3JEHMCTBUE BO3AYLIHOIO NOTOKA. [IpUTOK BO3Ayxa B 30HY TJICHUSA
OPUBOJUT K TOBBILICHUIO TEMIEPATYpPbl TJIEHUS, B TOM YHCIE€ U B MECTE
CONPUKOCHOBEHHSI HCTOYHUKA C TOPIOYUM MaTEPHATIOM.

XapakTtepHasd Uil MaJOMOIIHBIX HCTOYHUMKOB JIMHAMHKA IOKapa
IPOSIBIISIETCS. B, Kak MPaBHUJIO, JIOCTATOYHO JIATEIBHOM MEPHUOJE CKPBITOrO
pazBuTHs. OOBIYHO OT MOMEHTA 3aHECEHUS MCTOYHUKA JO BO3HMKHOBEHUS
IJIAMEHHOTO TOpeHHs npoxoAauT 3-4 + 6 yacoB, a uHorna 12 yacoB u Oosnee. B
TOM CYIIECTBEHHOE OTJIMYHME OT I0KAapOB, BBI3BAHHBIX JOCTATOYHO MOIIHBIM
UCTOYHUKOM 3)KUTaHUS, HAIpUMEp 3JIEKTPUUYECKON AYro, U yxX, TeM Oonee, OT
HOJDKOTOB C MPUMEHEHHEM WHUIMATOPOB ropeHus. Takum oOpaszoMm, eciu
JOCTaTOYHO MHTEHCUBHOE ropeHne oOHapyxeHo uyepe3 10-20 MUHYT mociie Toro,
KAaK JIIOAW TIOKMHYJM IIOMEIICHHE, BO3HUKHOBEHHE TOpPEHHsS OT TJICIOLIETO
Taba4YHOTO U3/EIHs OYCHb MaJIOBEPOSTHO[2].

XapakTepHble cJie[ibl TIIeHUS] HA KOHCTPYKIUSX U MpeaMeTax

[IpoMexyTOUHOM CTaAuEN Mepel BOSHUKHOBEHUEM IUIAMEHHOTO TOPEHUS OT
MCTOYHHKA 3aXKUTaHUS Majod MOIIHOCTH fABISIETCS cTraaus TieHus. IIpoucxomut
OHO B HEOOJIBILIOHN MO pa3Mepy, JOKAJbHON 30HE U €ClU MPOAOHKAETCS B TEUEHHUE
OoJee-MeHee 3HAYMTEIbHOIO BPEMEHH, TO BO3HHMKAIOT JOCTATOYHO TIIyOOKHE
TEpPMUYECKUE MOpaXeHUs: (0OyrivBaHWE, BHITOPaHUS) B JIOKAJIbHOW, YETKO
BBIDAXKEHHOM 30HE. TeIUIOBOE BO3JIECUCTBHE MPHU TICHUM HA KOHCTPYKUHUHU U
IIPEAMETHI, PACIOJOKEHHBIE BHE OYaroBOW 30HBI, NP 3TOM MHMHHMMAJIBHOE,
NO3TOMY HX TEPMHUYECKHE TOPAKEHUS MOTYT OBbITh 3HAUUTEIBHO MEHEe
BBIPAKEHBI. Takue 30HbI MOTYT MPOSBIATHCS HAa CrOPAEMbIX MOKPBITHAX IOJIA U
CTEH, €CIM TJCIOT HACBIIAHHBIE HA HUX WM PSAJOM C HUMHM MaTepuaibl, Ha
MaTpale WiId CHJICHHH Kpecia, Ha KOTOpble ypOHWIM curapery. Eciau moxap He
3aIylIeH, TO BBITOPEBLIAS 30HA UMEET IPU 3TOM YETKO OYEPUEHHBIA KOHTYp, C
XOpOLIO BBIPAXKEHHOW TPAaHULENW TOPEBIIETO M HEropeslIero marepuana. Ha
OKPYXAaIOIUX MpeIMeTax, Aaxke OJM3KO PACTOI0KEHHbBIX, PU3HAKU TEPMUUYECKUX
NOpa)KEHUM c1a00 BBIPAXKEHBI WK UX HET BooO1e. [Ipu pa3BuBiIeMcs nmoxape 3Tu
NPU3HAKM YaCTUYHO HUBEIUPYIOTCS, CIIIAXUBAIOTCS, HO [JO OMNPENEIECHHOrO
BPEMEHU BCE K€ BBISBISIOTCS BU3YaIbHBIM OCMOTPOM.

NHcTpyMeHTalIbHbIE METOABI 71l YCTAHOBJICHUS! MPUYACTHOCTH MUCTOYHHUKA
3KWTAHUS MaJOll MOIIHOCTHM K BO3HMKHOBEHHWIO II0Xapa, K COXKAJIEHUIO, Ha
CErofHsl O4YE€Hb OrpaHMYeHbl. B apceHasie sKcnepTa MMEETCs JUIIb BO3MOXKHOCTb
BBISIBJICHUS 30H TJEHHS  (HU3KOTEMIEPATYPHOrO  IHPOJIA3a) METOAAMH
UCCIIEIOBaHMS 3JIEKTPOCONPOTUBIIEHH OOYTJIEHHBIX OCTaTKOB JIPEBECHUHBI U
noauMepHbIX MaTepuanos[10].
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6.18 Bepcuum 0 BO3ZHUKHOBEHMH IOXKapa B pe3yJbTaTe NPOTEKAHUS
MPOoIECCOB CAMOBO3IOPaAHUS

CamoBo3ropanmue - BO3HHKHOBEHHWE TOpPEHUsI B  pe3yjbTaTe
caMOHarpeBaHus TOPIOYUX TBEPAbIX MAaTEpPUAJIOB, BRI3BAHHOI'O CAMOYCKOPEHUEM B
HUX HK30TepMUYECKUX peakuuil. CaMOBO3ropaHrue BO3MOXKHO B CIIydasiX, KOTJa
TEIJIOBBIJICJICHUE B XOJI€ PEaKlMii OOJbIIEe TEIIOOTBOAA B OKPYKAIOUIYIO Cperdy.
CaMoBO3ropaHue M CaMOBOCIJIAMEHEHHE MO (DU3MUYECKOM CYIIHOCTH CXOIHBI H
pasznuyaroTcs JUIIb BUAOM TropeHus. CamMOBOCINIAMEHEHHE BO3HUKAET TOJBKO B
BU/JIE TJITAMEHHOT'O TOPEHMUSL.

Pa3BuTre camMOBO3ropaHus cieayeT paccMaTpUBaTh, KaK MPOSIBICHUE JBYX
CYLLIECTBEHHO OTJIMYAOIIMXCSA APYr OT Jpyra 3TamoB. OJTall HAaKOIUIEHUS TeIuia,
KOI'/Ia TOPEHUs €lle HE MPOUCXOANT, U 3Tall COOCTBEHHO TOPEHHUsI, KOTOPOE YacTO
MPOXOAUT cTaauio TieHus. (Yacto, HO He Bcerja, B OTIMYUE OT BO3HUKHOBEHMSI
TOpPEHUsl OT MAJIOMOIIIHOT'O UCTOYHUKA 3akuranus). [IepBeiii aTan Oynem Ha3bIBaTh
WHUIIMALMEH, WM, TOCKOJbKY OTCYTCTBYET BHEUIHHUW HCTOYHHUK 3a>KUTaHUS,
ATANIOM 3apOXKIACHUS UCTOYHUKA 3aKUTAHMS.

TemyioBoe caMmoBO3ropaHue IPOUCXOUT MPU HArPEBE BEUIECTB HA BO3/IYXE
U BBIpAXAETCS B aKKyMYJSIIIMU MaTepHalioM TeIia, B TIpoliecce KOTOPOTro
MIPOUCXOIUT CaMOHarpeBaHue Marepuasna. Ha npaktuke garie BCEro mposiBISIOTCS
KOMOMHUPOBaHHBIE (TETUIOBBIE U XUMHUYECKHUE) MTPOIIECCHI CAMOBO3TOPAHUS.

JUIst pa3nuuus 3THX MPOLECCOB K CIyYard XUMHUYECKOTO CaMOBO3TOPAHHUS
OTHECEM TOJBKO CaMOBO3TOpaHUE BEUIECTB, NMPOSBISIONIEECS Cpa3y B IUIAMEHHOM
TOPEeHUH U  OOYCIOBJIEHHOE TMPOTEKAaHWEM XHUMHYECKUX peakiuid Mpu
B3aMMO/ICHCTBUU PA3JIMUHBIX BEIIECTB JIPYT C APYTOM, OJTHO U3 KOTOPBIX SBJISIETCS
CUJIbHBIM OKHUCITUTENIEM.

[lonsTe TEMIOBOE CaMOBO3rOpaHUE HE O005S3aTeNbHO MOApPa3yMeBaeT
BIIUSIHAE BHEIIHErO0 HMCTOYHMKA TeIJla Ha MaTepuas, 3TOT MPOIECC MOXET, B
MPUHITUIIE, B OMNpPENEICHHBIX YCJIOBHSIX HauaTbcs M 0€3 BHEIIHEro Harpesa, a
TOJIBKO 3@ CYET OJK30TEPMUYECKOW pEaKuuW BHYTPU MacChl BELIECTBA,
WHUIMAPOBAHHOW TMpH OOBIYHBIX TEMIEepaTypax OKpyXKaromen cpeabl. Tak,
HamOoJiee HU3Kasg TeMIeparypa, NMpPU KOTOpPOW Ha MPaKTUKE OBLIO OTMEUYEHO
Hayaso Mpolecca CaMOBO3rOPaHUs Maces U sKUpoB, cocrasisia 10-15°C[2].

OTpaboTKa BepcHH 0 TENJI0BOM CAMOBO3TOPAHUM

1) YcranaBimBaeTcs, 4YTO O4ar pacioioKeH B Macce Marepuala, a He Ha ero
MOBEPXHOCTH, B IPOTUBHOM CIIy4ae BEPCHUIO O TEIJIOBOM CaMOBO3TOPAHUU MOYKHO
Cpa3y OTBECTH.

OcHOBHass OCOOEHHOCTh TEIUIOBOTO CaMOBO3rOpaHus, Kak, BIPOYEM, U
MUKPOOHOJIOTUYECKOTO 3aKJII0YaeTCsd B TOM, YTO TOPEHUE HAUMHAETCS B IIyOMHE
MaTepuaia, rjae Hauboyiee SPKO MPOSBISIIOTCA A(D(PEKTh camMOHarpeBaHus. ITO
BBI3BIBACT BOJIHY TJICGHHS BEIIECTBA, KOTOpas MEIJICHHO PAaCIpPOCTPAHIETCS K
BHEIIHUM cJIOsIM BenlecTBa. [1o3ToMy, pacnosnokeHue odyara B Macce Marepuana,
OmmKe K TEeHTpy MaccuBa (TA€ TEIUIONOTEpH HAWMEHBINHE), a HE Ha €ro
MOBEPXHOCTH, SBJISETCS BAXKHBIM KBaTU(UKAITMOHHBIM TPU3HAKOM TIpoIecca
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TEIJIOBOTO W MHUKPOOHMOJOTUYECKOTO caMoBo3TopaHusi. M B 3ToM cocTowt
MPUHLIUNHAIBHOE OTJINYHE BO3HUKHOBEHUS rOpEHUs, BCJICJICTBUE
CaMOBO3TOpaHusA, OT CXOXKEro ¢ HUM [0 MHOTMM DlapamerpaM Ipolecca
3KUTaHUST MAJIOMOIIHBIM HCTOYHUKOM.

2) YcraHaBIIMBAETCsI, HAXOIWICS JIM B OYaroBOM 30HE MaTepHall, CKIIOHHBIN
K TEIUIOBOMY CaMOBO3TOPaHHUIO;

3) VcranarnuBaeTcsi  BO3MOXKHOCTh ~ CaMOBO3TOPAaHHUS  BBISBJICHHOTO
Marepuajia B YCJIOBHUAX, HMEBIIMX MECTO [0 TMOXapa, YTO JOJKHO OBITh
MOJITBEPIKICHO PE3yJIbTaTaMU CIICIHATLHBIX HcnbITanmii[10].

BemecTBa, KOTOpbIe CAMOBOCILUIAMEHSIIOTCA U CAMOBO3IOPAIOTCH MPH
KOHTAKTE C BO3yXOM.

MHorue BemiecTBa NPU  KOHTAaKT€ C  BO3AYXOM  CIHOCOOHBI K
caMoBo3ropanuo. CaMOBO3ropaHre HAYMHAETCS MPHU TEMIEpaType OKpYKaromiei
Cpeabl WM IIOCIE HEKOTOPOro IMPEABAPUTENIBHOrO MX mnojorpeBa. K Takum
BEILIECTBAM CJIEAYET OTHECTHM PACTUTEIbHBIE Macjia U JKHUPbI, CEPHHUCTHIC
COCIMHEHUsI JKeJie3a, HEKOTOPbIE COpTa CaXHW, IMOPOIIKOBUIHBIE BEIIECTBA
(aIrOMUHUH, IIUHK, TUTaH, MArHAN U T.11.), CEHO, 3€PHO B CHUJIOCAX U T.II.

KoHTakT caMOBOCIUIAMEHSAIONIMXCS XUMHUYECKUX BEIIECTB C BO3AYyXOM
MPOUCXOUT OOBIYHO TPU TOBPEKACHUHM Tapbl, PA3IUBE KUIKOCTH, pac(pacoBKe
BEILIECTB, MPU CYLIEHUH, OTKPHITOM XPAHEHUU TBEPABIX U3MEIBLUYEHHBIX, & TAKKE
BOJIOKHHUCTBIX MaTEpHaioB, MPU OTKAuKe >XHUAKOCTEH M3 pe3epByapoB, Korja
BHYTPH PE3€PBYapPOB €CTh CAMOBOCIIJIAMEHSIIOLIAECS OTIIOXKEHUSI.

Maciia ¥ Kupsbl

Cpenu macen HauOOJbIIEH CKIOHHOCTHIO K CaMOBO3TOpPaHUIO 00JIalar0T
pactutenbHble Maciia. OcOOEHHO OMmacHbl Macia, COJEepXkallue COCAUHEHUS C
HEHACHIIIEHHBIMM XUMHUUYECKUMU CBSI3SIMH M XapaKTEPU3YIOIIUECS BBICOKUM
HOOHBIM YHCIIOM (XJIOMKOBOE, IOJICOTHEYHOE, HKyToBoe W T.1.). Heckombko
cimabee BBIPAKEHO ATO CBOMCTBO Y JKMBOTHBIX Macen. Hartypanbhbie onudsl,
U3TOTABIMBAIOTCS HAa OCHOBE PACTUTENBHBIX XUPOB M HMEIOT HAMOOJBIIYIO
CKJIOHHOCTb K CAMOBO3TOPAaHUIO.

MuHepanbHble Macia, SBISIONIMECS MPOAYyKTaMu TepepadoTKu HePTH, HE
COZIEpKaT HEMPENEIbHbIX COCIMHEHUN U, CJEA0BATEIbHO, HE CKIOHHBI K
camoBo3ropanuto. OgHako, 0TpaboTaHHbIE MUHEPAIbHBIC Macia, €CIIM OHU MOTJIH
HAaXOJWThCA B MEXaHU3MaxX TMPU BBICOKUX TeMmIepaTypax, MIpUOOpETaroT
HEKOTOPYIO CKJOHHOCTh K TEIUIOBOMY CAaMOBO3TOPAHUIO T.€. TEPEXOJiT B
nupodopHOE cocTosiHUE. MUHepaabHble Macjia TaKXe MOTYT CaMOBO3TOPETHCS B
YCJIOBUSIX TTOBBIIIICHHON KOHILIEHTPAIIMKU KUCIOPO/IA.

Macna unu onudbl, HAXOIAIMIUECS B €MKOCTSX HE MOTYT CaMOBO3TOPEThCHI.
Jns camMOBO3ropaHusi ATUX MaTepHalioB JOJDKHA ObITH oOecreueHa pa3BUTast
MOBEPXHOCTh MX KOHTAaKTa C BO3AYXOM, T.€. OHU JOJKHBI OBITh HAaHECEHBI Ha
MOPUCTBIA MaTepuaj, HUMEIOLIUN, B TO € BpEMs, MAIYIO MOBEPXHOCTH C
OTPaHMYCHHOW TEIUIOOTIauel B OKpyXkaromryro cpeny. CnocoOHOCTh Macen u
KUPOB K CaMOBO3TOPAHUIO T€M OOJIbIIE, YeM OOJIbIIE YIUIOTHEH MPOMACICHHBIN
MaTtepua (10 OpeeIeHHOTO Tpeienia, ociie KOTOPOTro CaMOBO3TOpaHre BOOOIIe
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HEBO3MOJKHO).

CrocoOHOCTP K CaMOBO3IOpaHUI  NPOMACIEHHBIX  MaTEpHUAJIOB
YBEIMYMBACTCS IIPU MOBBIIIEHUU TEMIIEPATYPHI BO3/1yXd, a TAK)KE B IPUCYTCTBUU
KaTaJu3aToOpoB - COJIEH MapraHiia, CBHMHIA, KoOajabTa, TaK Ha3bIBAEMbIX
CHKKATHBOB, J100ABIISIEMBIX B OU(BI ISl UX YCKOPEHHOTO BBICHIXaHHSA[2].

HUckomaempble yriu

B npupoaHbIX ¥ IPOMBIIUICHHBIX YCIOBUSAX CAMOBO3TOPAHUIO ITOJBEPKEHBI
Oypbsle 1 kameHHble yriau. Haubornee yacTo camMoB3ropaHue yrisi BO3HUKAeT B
YTOJBbHBIX MaxTax. YacTo caMOHarpeBaHUE W CaMOB3TOpaHHUE yIiisl HaOJro1aercs
Ha CKJIQJIax MpHU JJIUTEIbHOM XpaHeHHH yris. CaMOBO3roparoTcs TEPPUKOHUKH U
NOPOAHBIE OTBAJIBL, coepxkaliye He MeHee 10% opraHun4ecKux KOMIOHEHTOB.

OCHOBHBIMU NIPUYMHAMU CAMOBO3TOPAHUS YIJIEH SBISAETCA UX CIIOCOOHOCTB
OKHUCJISITHCS M aICOPOMPOBATH MAPhI U Ta3bl.

HecMoTpst Ha TO, 4TO HpPH HU3KHUX TEMIIEpaTypax OKHUCIECHHE YIJIEH HAET
MEMJICHHO M TeIla Mpu 3ToM Bbyaensercs wmaino (1,25 Jxk wHa 1 Ma
IPUCOEIMHEHHOTO KHUCIIO0pPO/la) CAaMOBO3TOPAHUE BCE K€ MPOUCXOAUT B OOJIBIINX
CKOIUIEHUSIX YTJIs, B KOTOPBIX 3aTPyJHEHA TEIUIOOTAAaYa B OKPYIKAIOLIYIO CpEny.
[Tporiecchl OKUCIEHUS KaTaJM3UPYIOTCS BJIaroi, MO3TOMY BIIaXKHbIE YIiiM OoJiee
CKJIOHHBI K caMmOBO3ropaHuto. C Ipyroi CTOPOHBI, IOBBIIEHUE BIIArOCOAEP/KAHUS
YBEIMYMBAECT TEIUIONPOBOJHOCT M COOTBETCTBEHHO YCHJIMBAET TEIUIOOTAAYY B
OKpy’Karoryto cpeay[2].

Cyab@uasl xejie3a (MMPUT, CCPHUCTHIN KOJTYEIAH)

Cynbduasl xene3a CIOCOOHBI pearupoBaTh € KUCIOPOJIOM BO3JyXa IpHU
OOBIYHOM TEeMIIEpaType C BbIIECIEHUEM OYEHb OOJIBIIOTO KOJUYecTBa Teria. Yacto
OTMEYAJIUCh CIy4au CaMOBO3TOpPaHUs KEJIE3HBIX PY/l HA CKIIAJaX CEPHOKUCIOTHBIX
3aBOJIOB, Ha pyJaHUKax. Bo3MoxHO o0pa3zoBaHue CyiabQUAOB Kele3a B
METAJTTNYECKUX EMKOCTSIX, B KOTOPBIX XPaHATCS HEPTEHPOAYKThI, TOPIOYHE Ia3bl C
npuMecsIMu cepoBoaopoaa. CaMOBO3roOpaHUIO MUPUTA CIOCOOCTBYET BIIara.

IMupodopHoCcTh - CIOCOOHOCTH TBEPIOTO Marepuaia B
MEJIKOpa3ApOOJIECHHOM COCTOSIHUM K CaMOBOCIUIAMEHEHHUIO Ha BO3AyXe IpHU
OTCYTCTBHH Harpesa.

[TupodopHOCTh CBsI3aHA, Kak MPABUJIO, C SK30TEPMHUUYECKHUMH PEaKIUsIMU
OKHUCJICHMSI BEIIECTB Ha BO3JyXe; TaK KaK IPU BBICOKOM YIEIBHOW IUIOLIAAU
MOBEPXHOCTU MEIKOPA3APOOJICHHOIO Marepuaia TEIJIOBbIACIEHUE TP  €ro
OKHUCJICHUHM TMPOMOPIMOHAIIBHO IUIOIIAM TOBEPXHOCTH, B TO BpeMs Kak
TEIJIOEMKOCTh - MPONOPLHMOHAJIbHA MAacce, TO HArpeB OKUCISIOIICHCS YacTHIIbI
00paTHO NMPONOPLUOHAJIEH CTENEeHU 3/2 e€ MTMHENHBIX pa3MepOB U IIPU TOCTATOYHO
MaJbIX pazMepax MOXKET IOCTUYb TEMIEePaTypbl CAMOBOCILIAMEHEHUSI.

[TupodopHOCTH CBOMCTBEHHa MHOTMM BEIIECTBAM B TOHKO Pa3apo0JIeHHOM
BUJE: MeTauiaM (Kele30, KOOanbT, HHKENIb, MapraHel, W [p.), TUIpUIaM
HEKOTOPBIX METAJUIOB, CylbduaaM (Hanmpumep, MUPUTY), SJIE€MEHTOOPTaHUYECKUM
COEJIMHEHHUSM.

B ciydae MeramioB M CIJIaBOB B KOMIIAKTHOM COCTOSTHUM MHUPO(OpPHBIE
CBOMCTBAa MOTYT MPOSIBIATHCA U MPU MEXaHUYECKOM JIpOOJIEHUH, KOTAa OT MacChl
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METa/lla, MOBEPXHOCTb KOTOPOrO0 MNACCHBUPOBAHA  OKCHIHOW  IUJIEHKOM,
MEXaHUYECKU OTIEISAIOTCA AUCIEPCHBIE YaCTULBI, CAMOBOCIUIAMEHSIOIIMECA B
BO31yxe. B 3TOM ciydae mupoopHOCTH MPOSBISAETCS KaK UCKPEHUE MPU TPEHUU
win ynape. M3 nupodopHBIX CIUIaBOB HAa OCHOBE LIEpUS H3TOTaBIMBAIOTCS
CKPEMHM»32KUTAIIOK.

[TupodopHocTs  mpencrapisier  cobOM  cepbe3Hylo  mpobieMy B
MIPOU3BOJICTBAX, UCIOJIB3YIOIIUX MOPOIIKA METAJUIOB, B YACTHOCTH B IMOPOIIKOBOM
METAJUTYpPTUd U JPYTUX Mpolleccax, IJe HCHOJIb3YIOTCS aKTUBHBIE METAIJIbI B
nucrepcHoM coctostaun[10].

XuMuveckoe caMoOBO3ropaHme

MHorue BemiecTBa M MaTepualbl MPU OMNPEACICHHBIX YCIOBUSIX MOTYT
BCTYIIaTh B XHWMHYECKOE B3aUMOJICUCTBUE C MOJOXUTEIBHBIM TEIJIOBBIM
3hdexToM peakuHii MpU KOHTAKTE C BO3AYXOM, BOJAOW WIHM APYr C APYroM, a
TaKkK€ MOTrYT caMopasjlaraTbCsi IIPU  HArpeBaHUM WM MEXAHUYECKHX
BO3JICUCTBUSIX. BbIJensronierocs mpu 3TOM B 30HE PEAKIMM TeIia MOXKET OBITh
JIOCTATOYHO JJISI HarpeBa BEILECTB U MATEpPHUAJIOB 10 MX CaMOBOCIUIaMEHEHUs. B
YCJIOBUSIX MIPOU3BOJICTBA U XPAHEHUSI XUMUYECKHUX BEIIECTB BCTPEUAeTCs OOJIBIIOE
KOJIMYECTBO TAKUX XUMHUYECKUX COCAUHEHUN, KOHTAKT KOTOPBIX C BO3AYyXOM HIIU
BOJIOM, a TaKKe B3aUMHBIM KOHTaKT JPYr C JAPYIOM MOXET ObITh NPUYUHOMN
BO3HUKHOBEHUS MOXKapa.

XUMUYECKHUE PEaKIMU, KOTOPhIE MPOTEKAIOT C BBIJACICHUEM 3HAYUTEIHLHOTO
KOJIMYECTBa TEIjIa, UMEIOT MOTECHIHAIbHYIO OMAaCHOCTh BO3HHMKHOBEHUS IMOXKapa
WU B3pbIBA, TaK KaK BO3MOXEH HEKOHTPOJIUPYEMBIM MpoIecC pa3orpena
pearupymromnmx, BHOBb OOpa3yIOIIMXCS WIA PSAJOM HAXOISAIIUXCA TOPIHOYHUX
BEIIECTB.

Bepcuio 0 XUMHYECKOM CaMOBO3TOpaHUM CIEAYEeT paccMaTpUBaTh B TOM
ciiydae, eciii Ha 00beKTe, T7ie MPOU3O0IIEI MoXkKap, UMEIUCh BEIIECTBA, CKIOHHBIE K
AK30TEPMUYECKON PEAKIMU APYT C IpyroM. Eciau ecTh moAgo3peHue Ha HaJIu4yue B
ouare Mnoxapa XMMUYECKUX BEUIECTB, CKIOHHBIX K CAMOBO3TOPaHUIO MPHU KOHTAKTE
JIpyr C JApyroM, TO cleayeT oToOpaTh TpoObl ISI HWHCTPYMEHTAIBHBIX
WCCJIEIOBAHUM C TEIbI0 OOHAPYKEHHUSI B 0YaroBOM 30HE OCTATKOB pPearupoOBaBIIIMX
MEXIy COOOM BEIECTB.

NHCTpyMeHTalIbHBIE HCCIEAOBAaHUSA TAaKUX BEIIECTB BEAYTCSA METOAaMU
YMUCCUOHHOTO CIIEKTPAJILHOTO, aTOMHO-aJICOPOLIMOHHOTO,
PEHTTeHO(ITyOPECIICHTHOTO aHAJIM30B, OPUCHTUPYSICh HA OCHOBHOM 2JIEMEHT.

HeoOxonumo wucciienoBath OKpYKarOIMe KOHCTPYKIIMU W TPEAMETHI s
BBISIBJICHUSI 30HBI JUIUTEIIBHOTO HU3KOTEMIIEPATYPHOTO MHUPOJIU3a, XapaKTEPHOTO
JUISL TIOKapoOB TaKOTO Poja, MOCKOJIBKY MPU XUMUYECKOM CaMOBO3TOpAHUHU Oyar
HaXOJUTCS HE BHYTPU KOHTAKTHUPYIOIIUX MAaTEpUAJIOB, a BO BCEM O0OBEME HX
cMecH. JIokaJlbHbIe TEPMUYECKHE TOPAKEHHUS MOTYT UMETh SJIEMEHTBI JIEPEBSIHHOM
Tapbl, UJI1 UHOU TOPIOYEN YIIAKOBKHU.

K XUMHUYECKOMY CaMOBO3TOpPaHUIO CKJIOHHBI BEIIIECTBA,
CaMOBO3rOparoIIMecs IpU KOHTakTe ¢ BogouM. K 3TOM rpymnme OTHOCATCS
HIEJIOYHBIE METaUIbl (MPUYEM Kaluil MOXKET CaMOBO3TOPETHCS OT KOHTAaKTa C
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BJIQXKHBIM BO3JIyXOM) - BBIICISCTCS BOJOPOM; KapOWJ KalbIHMs - BBIACISCTCS
alleTUJICH; THIPHBI IIEJOYHBIX U IIETOYHO3EMENBHBIX METaUIOB - BBIACISACTCS
BOJ0OPO; hochua KaabIus - BeiAeaseTcs hochopucTeiii Bogopoa (hochun)[2].

BemecrBa, camoBo3ropamoummecs Npu AeiiCTBUUA CUIbHBIX OKHCJIHUTEIEH

B stom ciiydae HeoOXoauMO ycTaHaBIMBaTh HaJWYue Ha MECTE IOXKapa
BEIIECTB, KOTOPHIE MOTYT SIBJISITHCS CUJIBHBIMUA OKHCIIUTEJISIMUA, HAIPUMEP, COJIU
a30THOM KHUCJIOTBI, XJIOP, 3alachl KOTOPOTO COCPEIOTOYEHBI Ha BOJIONPOBOJIHBIX
CTaHLMAX, IEPMAHTaHaT KaIus U apyrue. [Ipu KOHTakTe ¢ HUMU MOTYT 3aropeThCs
MHOTHE OPTaHUYECKUE KUJKOCTH.

Peakiun  B3aMMOJEWCTBHS ~ OKUCIHTENST C  TOPKOYMM  BEHIECTBOM
CIIOCOOCTBYET MeJKasi JUCIIEPCHOCTh BEIIECTB, TOBBINICHHAS HaYaJIbHAS
TEMIIepaTypa, a TaKXke HaJIudue HWHULIHMATOPOB XHWMHUYECKOTO mpoiecca. B
HEKOTOPBIX CIIydasx peakinyd MOTYT COMPOBOKIATHCS B3pbiBoM[10].

BemecrBa, KOTOpPbIE BOCIJIAMEHSIOTCH MPH B3AaUMOJAECHCTBUM € BOJOM

Ha MPOMBIIIJICHHBIX 00BEKTax MOTYT UMEThCS BCIIICCTBA,
BOCIIAMEHSIFOIMECS. TIPU B3aUMOJICMCTBUU C BOJIOW. Brigernsdromeecs npu 3Tom
TEIJI0O MOXET BBI3BaTh BOCINIAMCHEHHE OOPA3yIOIMIUXCS WM IPUMBIKAIONIUX K
30HE peaklMM Toprouux BemecTB. K BelmecTBaMm, BOCIJIAMEHSIONIMMCS WIIH
BBI3BIBAIOIIIUM TOPEHHE IIPU CONPUKOCHOBEHUU C BOJIOW, CJIEAYET OTHECTH
HIEJIOYHbIE METAJIbI, KapOua KalblMs, KapOUIhl IICJIOYHBIX METAJUIOB,
CEPHUCTBIN HATPUH U AP.

B3aumoneiicTBre naxxe HEOOIBIIOTO KOJUYECTBA KaJUsl UM HATPUS C BOJIOU
(o 5 1) compoBoxmaercs HarpesanueM 10 600...650°C. BsammoneiicTBue
OOJIBIIIOTO KOJIMYECTBA KaJIMsSI WJIM HATPHUS C BOJOW COMPOBOXKIAACTCS B3PhIBAMHU C
pa3OpbI3TMBaHUEM pacIUIaBJIECHHOTO MeTaia. B JucnepcHOM — COCTOSIHUM
IIEJIOYHBIE METAJUIbI 3arOPAIOTCS BO BIIAXKHOM BO3IYyXE.

HekoTopsie BemiecTBa, HampuMep HEramieHas HW3BECTb, SABJSIOTCS
HETOPIOYMMH, HO TEIUIOTAa PEAKIMU HMX C BOJAOM MOXET HArpeTh TOpPHOYHE
MaTepuaibl, KOTOPbIE HAXOIATCA PSAJAOM, O TEMIEPATYpPbl CaMOBOCILUIAMEHECHUS.
Tak, mpy KOHTaKTE BOJIbI C HETAICHOW M3BECTHIO TEMIIEpaTypa B 30HE PEAKIIUU
MoxeT noctuab 600°C.

N3BecTHBI ciiydaum MOXapoB B NTHUYHUKAX, TJAE€ B KAayeCTBE IOJICTUIIKU
MPUMEHSUIOCh CeHO. [loxaphl BO3HUKaNIM TMoOcie OOpaOOTKH MNTHUIIEBOJYECKUX
MMOMEIIICHUN HeTalleHOM U3BECThIO.

OmnaceH KOHTaKT ¢ BOJAOW aTIOMUHUMOPraHMYECKUX COEMHEHUMN, TaK KaK UX
B3aUMOJICCTBUE C BOJIOW NPOUCXOJUT CO B3PHIBOM. YCHWICHHE TMOXapa WU
B3pbIBA, YTO HAYaJUCh, MOXET MPOM30HUTH MPH TMOMBITKAX TYIIUTh MOJA00HBIE
BEIICCTBA BOJOM MJIH ITEHOMH[2].

Mukpo6H0J10rudecKoe CaMOBO3ropaHue

MuKpOOHOJOTHUECKOE CaMOBO3TOpPaHUE XapaKTePHO I OPTaHHUYECKHUX
JUCHEPCHBIX W BOJIOKHHCTBIX MAaTEpPHAJIOB, BHYTPU KOTOPBIX BO3MOKHA
KU3HEIAEATESILHOCTh MUKPOOPTaHU3MOB (CEHO, COJIOMA, OBOIIH, 3€pHO, (pe3epHBIN

Topd U ap.).
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CamoBo3ropanue Topga- BociuilaMeHeHHE Topda H3-3a €ro OKUCICHUS Ha
Bo3nyxe. [Ipu aTOM He 00si3aTeneH MPUTOK Teria u3BHE. B mpoliecce y4acTByIOT
MUKpPOOPTaHU3MbI, MPOAYKTHI >KU3HEACATEIBHOCTH KOTOPBHIX HAKAIJIMBAIOTCS B
aHa’POOHBIX YCIOBUSAX U MPUBOAAT K MOCTEIEHHOMY MPOTrPEBAHUIO Macchl Topda
10 60-65 °C. IIpu nociemyroiieM NOBBIMIEHUHA TEMIEPATYphl TOpd MpeBpalaercs
B TIOJIYKOKC, CKIIOHHBIM K CIIOHTAHHOMY CaMOBO3TOPAaHUIO TOJ| JEUCTBUEM
KHclopoaa Bozayxa. CamoHarpeBaHue MpoOUCXOIUT co ckopocThio oT 0,5 mo 4,5
°C/cytkm m ©Oonee ® TIOCTENEHHO ycKopsieTcs. Hawmbonee CckioHEH K
CaMOBO3TOpaHuio ¢pe3epHblii Topd (TOHKUN TOBEPXHOCTHBIA clloil Topda Ha
topdopaszpadborkax). CTeneHb IHAOTCHHOW IMOXAPOOMACHOCTH 3aBUCHUT OT
00TaHMYECKOro cocTaBa Topda U CTENEeHH ero pasnoxkeHus. K Bo3ropanuio MoxeT
OBITH CKIIOHEH TaKXe M JTOOBITHIN TOP( B MPOIIECCE €T0 XPaHSHUS.

[Ipu  KU3HEIEATECTHLHOCTH HEKOTOPBIX BHUJOB  MHKPOOPTAaHH3MOB
BBIICJISIETCST  OOJIBIIIOE KOJUYECTBO TEIJla — C OJTHUM CBSI3aHBI IPOIIECCHI
CaMOBO3TOpaHus HE TOJIbKO Topda, HO U HaBO3a, BIAXKHOTO CEHA U XJIOIKa

TepmodunbHbie  OakTepuH,  KOTOpble  OOECMEYMBAIOT  MPOIIECCHI
caMOpa3orpeBaHusi U CaMOBO3TOPAHMS OpPraHUKU B KOMIIOCTHBIX Kydax W Jp.,
BbIIepkuBatoT HarpeB g0 70 °C. Ilpu HU3KOW BiIaXHOCTU ceHa (MmeHee 16 %)
IpOLIECChl,  NPUBOJAIIME K  MHKPOOHMOJIOTMYECKOMY  CaMOBO3TOPAHMIO,
npaktudecku He uayt. [Ipu Binaxknoctu B mpeaenax 60-90 % B ceHe co3maroTcs
UJCATbHBIC YCIOBHS JUIsI PAa3BUTUS MHUKPOOPTAaHU3MOB - TaK HAa3bIBAEMBIX
«TepMOGUILHBIX» OakTepwii. Pa3zBUTHE W KU3HENEATCIHHOCTh WX TOIMYJISIHH
MIPUBOJINT K Pa30TPEBY CeHa, 00Pa30BAHUIO JIOKATBHBIX 30H YaCTUYHO TEPMHUCCKH
JeCTPYKTUPOBAHHOTO («Oyporo») ceHa.

ITpu temmepatype 6onee 60-70°C Gakrepuu rMOHYT, HO 3aMyHICHHBI MU
MEXaHU3M aBTOKATAIMTUYECKOIO pPa3orpeBa MpPOJOJDKAET JACHCTBOBATh YXKe 3a
CUET OKUCIIEHHUSI C€Ha KUCIOpOJOM Bo3myxa. [Ipu aToM Temmeparypa mocTeneHHo
noseimaercs. [Ipu 200°C ceHO YepHEeeT U NEPEXOaUT B MUPOPOPHOE COCTOSHHUE.
ITpu 250°C HauuHAETCA €0 TIEHHE, KOTOPOE 3aTEM MOXKET IEPENTH B IFIAMEHHOE
TOpEHHUE.

K xBanupukamoHHbIM MMPU3HAKAM MUKPOOHOIOTUYECKOTO CAMOBO3TOPAHMUS
OTHOCATCH:

1) ouar pacnoyioeH B IEHTpPE CTOra WJIM MAacCHBa JIPYroro, CKJIOHHOTO K
MUKpPOOHOJIOTUYECKOMY CaMOBO3TOPaHUIO MaTepuala, a He cHapyu. Eciiu konHa
CeHa MMEET IMOBEPXHOCTHOE 00yriumBaHue (oOropaHue), a BHYTPU BCE II€JI0, TO
CJIETyEeT UCKATh «BHEITHUH UCTOYHUK OTKPBITOTO OTHS, HCKPY, OKYPOK H T.JI.;

2) HaMMYMe HEPa3BUBIINXCS 0YaroB, B TOM YHCIIC B OTACIbHBIX Kumax. OHH
NPEACTABIAIOT COOOM JIOKaJdbHBIE CIEKIIHUECS arjioMepaThl CeHa Pa3IMYHON
CTCTICHU TEPMOCCTPYKIIHH;

3) HanM4Yue yCIOBUMU, MPU KOTOPHIX MUKPOOHOJIOTUUECKOE CaMOBO3TOPaHUE
BO3MOYKHO. DTH YCJIOBHUS y CEHA, B YACTHOCTH, CICAYIOIINE:

- BIAXXHOCTH Oosiee 16%, Hamnyuiue yciaoBus BiaxHocty — 60-90 %;

- Bpemsi, mnpomemamee mnochae 3akmanku - 10-30 cyrok (omacHOCTH
CaMOBO3TOpaHUs COXpAHSAETCS B TeUEHUE 3-4 MECSIIEB);
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- YCJIOBHBIE Pa3Mephl CTOTA CEHA JJOJDKHBI OBITH HE MEHEE UeM - 2-2:2 MeTpa.

[To Teoperndeckoil TEIIO(U3MUECKON OIEHKE, MPH MEHBIINX TadapuTax
CTOI HE CIOCOOEH 3aropeThcsi, T.K. CIHUIIKOM BEJTUKWA TEIUIONOTEPH B
okpyxaroryto cpeay[10].

KoHTpoJsbHbIE BONIPOCHI:

1. HazoBute HanboJiee pacpoCcTpaHeHUE MPUIUHBI aBAPHUIHBIX
PEKUMOBPAOOTHI STECKTPUICCKUX CETEH.

2. OnemuTe NOPSAI0K UCCIIEIOBAHMS alllapaToOB yIPABICHUS U 3aIlUThI
AIEKTPOCETEUIIPY MPOBEICHUH OCMOTPa MECTA MO¥Kapa.

3. HazoBuTe OCHOBHBIE YCTPOMCTBA 3aLTUTHI AJICKTPUUECKUX CETEH U
MPUIIETIBI UX PAOOTHI.

4. HazoBuTe NpUUMHBIaBAPUITHBIX PEXKUMOB pabOThl COBPEMEHHBIX
OCBETHUTEJIbHBIX MPUOOPOB U 000PYTOBAHUS.

5.Kak mpouszBoauTcst oTpaboTKa BEpCUH O TETIOBOM CaMOBO3TOPaHUN?

6. OTpaboTka BepcHii MPUIACTHOCTH K BOSHUKHOBEHHIO TT0’Kapa TaOadHBIX
U30CIUM.

I'/IABA 7. OTPABOTKA BEPCHUH O HOKOTI'E

7.1. MoTHBBI 1 TAKTHUKA COBEPLIEHHS MOIKOTOB

[Tomxor sBHsieTCSs OAHUM M3 HAMOOJIEE OMACHBIX CIOCOOOB YHUUTOXKEHHUS
WJIU TIOBPEXKACHUS MATEPHAIIBHBIX IEHHOCTEM.

B OonpmumHCTBE clydaeB MOKOT CTaparOTCs YCTPOUTh TaK, YTOOBI
WUCTUHHAs TpUYMHA TIOKapa He OblIa pacKkpeiTa, a JJIsi ITOTO HMHUTUPYIOT
BO3HUKHOBEHHUE MOKapa OT APYTUX MPUUYUH - KOPOTKOTO 3aMbIKAHUSI, IEPETPY3KH,
CaMOBO3TOpaHus W T.1. Tak MOMKUTraTeNd  CTApalTCs  YXOAUTh  OT
OTBETCTBEHHOCTH. 3HAHHE OCHOBHBIX METOJOB COBEPIICHUS IOJKOTa MOMOTaeT
JIO3HABATENIO JI0KA3bIBaTh (PAKT COBEPIICHUS MTPECTYIUICHUS.

OCHOBHBIE METOJIbI COBEPIIEHHUS TMOJKOTAa MOXHO KJIacCU(UIIMPOBATh
clieyromuM o0pa3om (pucyHok7.1):

- [0 THUIy HCMOJIb3YEMOTO 3KUTaTEIbHOrO BEILIECTBA: KUJKWE TOPHOYHE
BEIIECTBA, TBEP/IbIC TOPIOYNE BEIIECTBA, CIICIIUAIBHBIE COCTABbI U CMECH.

- TI0 UHUIMUPYIOLIEMY FOpEHUE MEXaHU3MY: XUMHUYECKasl PeaKiusi, pa3psi
AJIEKTPUYECTBA, TEMJIOBOM pa30orpeB.

- Mo croco0y (TakTUKE) MOKOoTa. TaKTHKa MOJKOTa MOXKET OBITh caMoit
Pa3TUYHON OT 3a)KUTAHUS HEOOJIBIIIOTO YYacTKa, /10 MOIKUTAHUS BCEro OOBEKTa B
MOCJIEIOBATEIBHO WA OJHOBPEMEHHO C OMOIIBIO OTHENPOBOISAIINUX YCTPOUCTB.

-0 eI TMOJKOra: KOPBICTHbIE I1elu  (TOJIydEHHE CTPaxoBOrO
BO3HArPAXKJICHHS), CBEJACHUE CUETOB, 3alyTMBAaHUE KOHKYPEHTOB, COKPBITHE
CIICZIOB APYTHX BUAOB MPECTYIUICHUH, TupoManus u jip. [3].
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IO THITY o MeXaHH3IMY, o crlocoﬁy IO IIeJIH
HCTIOJVIB3YEMOT O HHHIIHHPY IOIIe MY (TaxKTHKE) MoIEROTA
3K AT € JIbHOT O ropeHHe MoI-R0ra
BellecTBAa NoJIydeHHe
3K aHHe — CTpPaxoBoro
K€ |
A XHMHIeCEAsT HeOOJILIIoro BO3Harpa;aeHna
ropwotue yJacTKa
e AKIIHS _‘
BeIecTRA P CBeJIeHHE CUeTOR
oAU aHHe 3anyrugaHie
TBEpAbIC paspsia BCETO [~ | KOHKYpeHToBR
ropro4uave — 00h
P WICKTPHIECTBA ) eKTa
BeIleCTRA COKpBITHE
MOCIe0BATEIBLHO ‘ | caegor
CreIHAJIBHBIE . HX
TeIIOBOH ApYT ..
| cocTaBbI pasorpes OIHOEBPEeMeHHO NpecTyIIeHHi
H CMeCH C MIOMOIILIO
OTHENMPOBOIATIX _’ NHPOMaHHA
YCTPOKCTE

Pucynox 7.1Knaccudukanus mnomkoron

7.2. KBaanukanuoHHble MPU3HAKH MOIAKOra

Cpenn nNpuU3HAKOB, YKA3bIBAIOIIUX HA COBEPUICHNE MOKOTa, PAa3INYAOT
TaK Ha3bIBa€Mble KOCBEHHbIE TPU3HAKKM U OCHOBHBbIE (KBAJTH(PHKAIMOHHBIE)
npuszHaku. [lepBeie HE SBISIOTCA, CTPOTO TOBOPS, JOKA3aTCIbHBIMHU U MOTYT
CJIOKUTHCSI B PE3YJIbTAaTe COBIAJCHUS MHOXECTBa HEOIaronpusTHeIX ycioBuid. Ha
OCHOBAHHUU BBISIBIICHUS 3TUX MPU3HAKOB J03HABATEb JOJDKEH BBIJIBUHYTH BEPCHUIO
0 TOJKOTe W HEe3aMEJUIMTEIBHO MPUCTYIUTh K €€ OTpadOTKEe, OCTaBUB Ha MOTOM
BCE OCTaJibHBbIE BepcuM. BTopas rpynmna npu3HAKOB MUMEET JOKa3aTebHYIO CHITY,
10 HUM OKOHYATEIhHO yCTaHaBIMBaeTCs (PaKT moJpKora.

OG630p mepBOHAYAIBHBIX  JACHCTBHM  IMOXKApHOTO  CIHEIHAIMCTA 10
YCTaHOBJICHHIO (haKTa MOHKOTa paCCMOTPHM TI0 Tanam padorT.

Ilo myTu ciaegoBaHusi Ha TMoOXap HEOOXOAUMO oOpaliaTh BHUMaHUE Ha
pa3lIMuHbIE TPENSTCTBUS, KOTOPBIE HOCAT MOJIO3PUTEIBHO HUCKYCCTBEHHBIN
XapakTep. OTO 3a0JOKUPOBAHHBIC MPOE3JIbI, IMOBAJCHHBIC TOMEPEK MPOE3IKEH
YacTH JEPEBhs, MPOBOJIa U KaOeu, KOHTEHHEPBI C MyCOPOM, OTKPBIThIC TUIPAHTHI
Y JIIOKH, CKOTLJICHUSI JIFOAEH, MEIIaloIIe Ipoe3ay.

Ilo npudbITHH HA MeCTO MOKapa HEOOXOAUMO OOpallaTh BHUMAaHUE Ha:
SIBHO M30JUPOBAHHBIE JIPYT OT JApYyra 30HbI TOPEHUS; MOCMIEIIHO YOErarmux Uiu
OTBHE3KAIOIIMX JIFOJEH (CIeayeT 3aMETUTh HOMEP aBTOMOOMIIS, OACKIY JIIOACH, UX
HapY>KHOCTh); OJIOKMpPOBaHHBbIE WM 3a0appUKaJUpPOBAaHHBIE JIBEpU, OKHA,
KOPUIOPHI U T.I. (MCKYCCTBEHHO 3aTPyAHEHHBIN BXOJ); MMyTH MPOHUKHOBEHUS WU
ABaKyallud, YCTPOCHHBIC 3JI0YMBINIJIEHHUKOM (OTKPBITHIC OKHA W JIBEPU, OOBIYHO
OBIBAIOIINE 3aKPBITHIMU, HEOOBIYHBIE OTBEPCTHSI B OKHAaX WM JIBEPSX,
MPUCTABJICHHBIC K 3a00paM JICCTHHIIBI WJIU TIOJIPYUYHBIE CPEJCTBA ISl PEOT0TICHUS
MPENSTCTBUN); TPENSTCTBUS TYIICHUIO (OJOKUPOBAHHBIE WU HUCIOPYCHHBIC
TUAPAHTBI, BBIBEJICHHBIE M3 CTPOSl CIPUHKIEPHI, 3aKpbIThIE KpaHbl Ha
BOJIONIPOBOJIE, MOMEXH CO CTOPOHBI MPUCYTCTBYIOIIMX MOCTOPOHHHUX JIHII,
nepeBUHyTasi MeOelnb W T.A.); CJeAbl B3J0Ma; MACKUPOBaHWE BU3yaIbHBIX
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(akTOpOB rOPEHHsI C TOMOIIBIO 3aKPHITHIX CTABEH, KaJII03€H, OKOH, 3aCTaBJICHHBIX
IIMUTaMU Y 3aHABELICHHBIX OJEsUIaMU, JJIs1 KaK MOYKHO MO3JHENIIEro oOHapyKeHUs
nosapa.

BaxkHeline KOCBEHHbIE CBMJIETENbCTBA O IOXKOTE€ BBIABISAIOTCS IIpU
ocMOTpe MecTa noxapa. Ilpu 3ToM ciaenyer BHMUMATENbHO H3y4aTh CIEAYIOLIUE
00CTOATEIbCTBA:

1)MecToHax0oX/1€HUE U COCTOSIHHE JKEPTB, THUIl TPaBM M T.I. (IPU3HAKU
COKpBITHUSI yOUICTB);

2)Paz0pocanHOoe WMYIIECTBO, HEOOBIYHO Majble g JAaHHOTO OOBEKTa
3anackl UMYIeCTBa (IPU3HAKU COKPBITHS XUILICHHUS);

3)B KuibIX MOMEMIEHUSAX OTCYTCTBUE JOPOTOW OJNIEXK/bI, ammapaTypsbl,
KApTHH, IParoleHHOCTEN, CEMEUHBIX PEIMKBUM;

4)HeucnpaBHOCTh OXpaHHOM U MOKAaPHOW CUTHATU3ALUN;

S)[lono3putenbHble CKOIUIEHUS, CrOpaeMblX MAaTEpUajOB B OTAEIbHBIX
30HaX (MCKYyCCTBEHHOE COCPEIOTOUYCHHE MT0KAPHOM HArpy3KH);

6)HeoObIuHbIE MPEAMETHI, OCTaTKU OPYAMM WM CPENCTB MOAKOTa Ha BCEH
TEPPUTOPUU TOPEBILIETO OOBEKTA;

7) OTCyTCTBYIOIIME WM  HECHCHPABHBIE  CPEICTBA  KOHTpOJISA 32
TEXHOJIOTMUYECKUMU  TPOLIECCAMU, OTCYTCTBHUE JOKYMEHTalluu, Hepabouue
KOMITBIOTEPHI.

OOs3arenbHO cinenyeT oOpaliaTb BHUMAaHHE Ha IMOBeleHHe JIKJeH,
MPOKMBAOIIMX B 3/1aHUU. COOTBETCTBYET JIM OJEkKIA JIOJAEH BPEMEHU CYTOK, HE
3aMEUYEHO JIU JIIOJIEH, MPUCYTCTBYIOIIMX HAa HECKOJBKUX TMOXKapax (CepUiHBIX
nomxkurateneit). CoenuanucTsl — CIPaBEIJIMBO  OTMEYAIOT, UYTO HEKOTOpbIE

MOJKATATENM - HMOILMOHAIILHO HEypaBHOBELIEHHbIE Jtoau. OHU MONy4aroT
yIOBOJBCTBUE OT HAOMIOACHUS 3a moxapamu. JIroau, KOTopble MPUCYTCTBYIOT Ha
HECKOJIbKMX TI0’Kapax, OCOOEHHO B pAa3IMYHBIX MECTaX — MOJ03PUTEIbHBI.

BonbIIMHCTBO JIHO/IEN Ha TOKape BHUMATEIBHO CIEIAT 3a TyLICHUEM. Te Jroau,
KOTOpPbIE MHOI'O TOBOPST, CMEIOTCS WM HMHBIM 00pa30M BBIpaXalwT CBOE
JISTKOMBICJICHHOC OTHOIIICHHE K CHUTYallHH, JIOJKHBI CUUTAThCS
MOJI03pUTENBHBIMU. KpoMe TOro, K mog03pUTEIBHBIM MOKHO OTHECTH M TE€X, KTO C
Ype3MEpPHBIM DHTY3HMa3MOM IIpeJyiaracT CBOK IIOMOINb IOXKapHBIM, OCOOSHHO
uHpopmarmeii[3].

7.3. OcHOBHbIE KBATH(PUKANNOHHBbIE TPU3HAKHU MOIKOra

[lepeuriciieHHble  BbIIE MPU3HAKA U OOCTOATENbCTBA, KOCBEHHO
CBUJETENBbCTBYIONIME B TMOJb3Y BEPCUU O TMOHKOre, Kak MNpPUYMHE TMO0XKapa,
0e3yClIOBHO, BayKHbI. V3 HUX, KaK U3 OTAENbHBIX KPYIMUHOK, CKJIAJbIBACTCSl 00IIast
KapTUHA, TIOJITBEPKAAIONIas JAHHYIO BEPCHUIO.

Cy111ecTBYIOT, OJJHAKO, OCHOBHbIE KBaJTU(UKALMOHHBIE TPU3HAKU TOJIKOTra,
OOHapy>KEHHE KOTOPBIX MPSIMO CBUJETENILCTBYET O MOJKOTe Kak MPUYUHE MOoXkKapa.
Jrt0:

1) Hannuue Ha MecTe Mmokapa HECKOJIbKUX W30JUPOBAHHBIX JAPYT OT JApyra
OYaroB Moxapa.
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2) Hanwuue B ouaroBoii 30HE (30HaX) YCTPOMCTB W MPHUCIIOCOOJICHUH ISt
MOJIKOTA.

3) XapakTepHasi TMHAMHKA Pa3BUTHS TOPCHHSI.

4) Ham4me 0CTaTKOB MHUIIMATOPOB FOPEHHUSL.

5) McKycCTBEHHBIC YCIIOBHS, CIOCOOCTBYIOINIUE PACIPOCTPAHECHUIO TTOXKAapa.

PaccMoTpuM Kaxayro U3 3TUX TPYII MPU3HAKOB.

Cpenu neraneit ycTpoHCTB,KOTOpbIE, 0OHAPYKUBAIOTCSI HA MECTE MOXKapa, U
MPUCYTCTBHE KOTOPHIX B OYAroBOM 30HE TOATBEpXKAAeT (akT TOKOra,
BCTPEUAIOTCS Yalle BCETO CJEAYIOIINE:

1)OrnenpoBogHbie  TpUcHocoONeHust  (ITHYpHI, BEpeBKH,  (akedna,
MPOMUTAHHBIE TOPIOYMMH JKUJIKOCTSAMH, JOPOKKH W3 TIOpOXa, BaTa, PYJIOHBI
Oymaru u T.1.);

2)CBeun, OCTaTKHA BOCKa WK TTapadrHa;

3) Crinuku, CBA3aHHBIC B KTYThI, 00CPHYTHIC BOJOKHUCTBIMH MaTepHaIaMH
WM MIPUKPETUICHHBIE K MEXaHUYECKUM yCTPOICTBAM;

4)TaiiMepHbIe YCTPOMCTBA;

5)DneKkTpuuecKkre HarpeBaTeIbHbIe MPUOOPHI;

6)Emkoctu u3-nog JIBX u K.

Heckoabko (aBa um 0o0Jiee) 04YaroB mokapa sBISIIOTCA CJICACTBUEM
CTpPEMJICHUS TOJPKUTATENeH COBEPIIUTHh IMMOKOT KAYeCTBEHHO U  HAJCXKHO.
EcTecTBeHHO, YTO OT HECKOJBKHX OYAaroB TOPEHHE Pa30BbETCS OBICTpEEe W HE
MIPEKPATUTCS, €CIIH JTaXKe TT0 TEM WJIM MHBIM OOCTOSITEIbCTBAM OHO JTUKBHIUPYETCS
B OgHOM m3 0o4aroB. Cpear KOCBEHHBIX MPU3HAKOB IOKOTA, BBISIBISEMBIX Cpa3y
M0 MPUOBITHA HA MECTO TOKapa, HAMU YIOMSHYTBHI OT/ACIbHBIC M30JIMPOBAHHBIC
30HBI TOpeHus. Ho 30Ha TopeHus u oyar mokapa, Kak M3BECTHO, HE OJTHO U TO XKe.
[Tpy oOHapyXKEHUW TaKOW KapTHHBI JIO3HABATENb JOJDKEH YCTAHOBUTDH SIBIISIOTCS
JU OTHU 30HBI TOPEHUS OTIEIHHBIMH HE3aBUCUMBIMHU TEPBUYHBIMH OYaraMu
nokapa, WJIM OHHM TPEACTABISIOT COOOM MHOXKECTBEHHBIE BTOPHUYHBIC OYaArH
ropenusi[3].

BoicTpoe, HeoObsicHUMOe APYrMMU TNPUYMHAMHU, Pa3BUTHE TOPEHHSA
SBJIIETCS, OOBIYHO, KaK U MHOKECTBEHHOCTh OYaroB, CJICJICTBUEM MPUMEHEHUS
WHUIIMATOPOB TOPEHHUS, B TEPBYID OUYEpelb, JIETKOBOCIUIAMEHSIONIIUXCS
x)uakoctedl. Eciu ropenne BO3HUKIIO BHE3AMHO (MHOT/IA - C XJIOMKOM) M C TIEPBBIX
CEKYH]] Pa3BUBAJIOCHh JOCTATOYHO WHTEHCHUBHO - 3TO SIBHBIN MPU3HAK MPUMCHCHUS
JIBX kak cpencrBa nomxkora. Koneuno, npu ycioBuu, uto nosisienue JIBX B
MOMEIIEHUH He OBUI0O  O0O0YCIIOBJIEHO  KaKUMH-JIHMOO  TEXHOJIOTHYECKUMU
NPUYMHAMHM, €CITM He OBIJIO0 YTEYKH OBITOBOTO Ta3a W T.a. JloO6aBuM, 4TO OBICTpast
JMHAMHUKA pa3BUTHSI MOKapa — 3TO HEOOXOAUMOE, HO HE IOCTATOYHOE YCIIOBUE JIJIs
JI0Ka3aTebcTBa Mo pKora. [losToMy B KadecTBe KBaIM(UKAIIMOHHOTO IPU3HAKA
MO/KOTa OHA JIOJDKHA HCIOJIB30BAaThCA TOJIBKO B TOM CiIy4ae, €CIId XOPOIIO
mpopabOTaHbl U OTBENICHBI BCE WHBIC BEPCUU, CBSI3aHHBIC C OBICTPHIM Pa3BUTHEM
nokapa (Hampumep, BO3JICUCTBHE TYTH KOPOTKOTO 3aMBIKAHUS, Ta30BBIM B3PBHIB U
T.1).

K  HMCKyCCTBEHHBIM YCIOBHSIM, CIOCOOCTBYIOIIUM  PaCIPOCTPAHEHUIO
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No)Kapa, CcJIeAyeT OTHOCHTh B TNIEPBYID OYEpPEAb OpPraHu3aluil XOpOoIIen
BEHTWISILIMM HAa MECTE TMoXapa, a Takxke oOecleueHue CKOpeHIIero aocrymna
IIaMeHu K cropaeMbiM MatepuanaM. [lopkurarenu 4acTto  OTKPBIBAIOT
MIPOTUBOIIOKAPHBIE BEPH, COMBAIOT MITYKATYPKY, YTOOBI OOHAXUTh JIEPEBSIHHbIE
KOHCTPYKIIUU, CBEPJISIT OTBEPCTUSI B MEXKIYITAKHBIX MEPEKPHITUIX WU B CTEHAX
MEXIy MOMEIIECHUSMU, YTOObI YBEJIMYUTh CKOPOCTh PACHPOCTPAHEHUSI TOPEHUS,
yIYYIIAIOT TATY ¢ TOMOIIBIO BKIIFOYCHHBIX BEHTHIATOPOB[3].

7.4 BpisiBJieHHEe Ha MeCTaX IM0KAPOB MNPU3HAKOB NPUMEHEHHs
HHUIUATOPOB roOpeHust

YcTaHoBUTh (PakT MPUMEHEHHsS MHHUIIMATOPOB TOPEHUS Ha MECTe IMoxkapa
MOKHO HE TOJIbKO IMyTeM OOHApYy>KEHUs HX OCTaTKOB, HO M IO XapaKTepHBIM
cieqam ropeHus. JIeTKOBOCIUIAMEHSIONIMECS W TOPIOYHME JKUIKOCTH MOTYT
OCTaBJIITh MPU TOPEHUU JOCTATOYHO CIEeUU(PUUECKUE CIEbl Ha OKpPYKaIOUUX
KOHCTpYKIusX. K TakoBbIM OTHOCSTCS:

1) xapakTepHble TSITHA OT CrOpEBIIEH >KUIKOCTU Ha JPEBECHHE, MATKOU
MeOeu;

2) xapakTepHble MpOrapbl B KOHCTPYKIIUAX, 0Opasyroliuecs Mpu roOpeHUuu
pacTeKIencs KuIKOCTH;

3) aHOMaJIbHBIE TEMIIEPATYPHBIE 30HBI Ha OKPY>KAIOIIHUX KOHCTPYKITUSIX.

XapakTepHble MATHA, MO (OopME COOTBETCTBYIOLIUE JTYXKUIIE PA3JIMBIIECHCS
KHUJKOCTA O0pa3ylOTCsl Ha CrOpPaeMbIX MOBEPXHOCTAX (IPEBECHHE, TOKPBITHH U3
IUTACTUKA W JIMHOJIEyMa, MATKOHW MeOeia) TpH BBITOPAHUM ASTOU IKHUIKOCTH
(pucyHok 7.2). [l mSATeH XapakTepHa, KakK MPaBuilo, «KISIKCOOOpa3Has» Gopma 1
YyeTKas rpaHuiia Mexay oOyrJIEHHOM 30HOM M HeoOropeBIIed YacThl0 Marepuala.
CoxpaHsIoTCsl TaKWe TMSATHA Yallle BCEro Ha MOJIy M B APYTUX MECTax, TJie BO BpeMs
noxkapa OBUIM OTHOCUTENIBHO OoJjiee HM3KOTeMIepaTypHble 30HbL. [lpu
OoOHapy>KeHUU TaKuX MATEH UX HeoO0XoauMo chororpadupoBaTh WK 3aCHATH HA
BUJICOIJICHKY, a TaKKe OTOOPa3UTh B MPOTOKOJIE OCMOTPA. DTU JAHHBIE MOXHO
OyZeT HCIoyb30BaTh MPU OOOCHOBAHMU BEPCHM O IOJKOre C MPUMEHEHUEM
TOPHOYEH KUIKOCTH.

a - BHYTPEHHAA 30Ha
6 - 3oHa obyrnmneaHuA

Pucynox7.2XapakTepHble MsITHA OT CTOPEBIIEH KUIKOCTH

HGO6XOI[I/IMO HUMCTb B BHAY, HYTO Ha HCOKPAIICHHBIX ITOBCPXHOCTAX
APCBCCHUHBI OTHOCHUTCIIBHO JICTKOKUILIIINMC KUJIKOCTH — JICTKHUC 6CH31/IHBI, BCI)I/Ip,
alCcTOH M T.II. TAKUX IIATCH MOI'YT M HC OCTAaBHUTb, TAK KaK OHH OYCHB JICTKO
HCIIapAOTCA W TOPAT MPAKTHYCCKU 6CCHBGTHBIM IINTaM€HEM, HE HOaBas J'Iy‘II/ICTOI\/’I
9HCPIruu, I[OCT&TO‘IHOI\/’I JJIsA O6er'II/IBaHI/I$I JAPCBCCHUHEIL. bonee Tsxenbie KHUIOKOCTH,
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HAMpUMeEp, CPEIHEAMCTHIIIATHBIE  HEPTENPOAYKTHI  (KEPOCHH, AM3CIIbHBIC
TOILJIMBA) TAKHUE MATHA OCTABIIAIOT 00513aTEIIBHO.

[Too0OHBIC TIATHA MOTYT OCTABJIATh U CTEKAIOIINE TOPSIIUE Macia, OUTyM,
pacIlIaBJICHHBIC MTOJIMMEPHI, UTO CICAYET YIUTHIBATh MPHU MMOMCKE CIICAOB FOPCHHS
JIBX.

XapakTepHble NPOrapbl B KOHCTPYKIMSIX OOpa3yroTCs Kak CIICICTBHUC
TOPCHUS JIY)KUI[ M JAPYTUX CKOIUICHHWH JIETKOBOCIUTAMEHSIOIIMXCS W TOPIHOYUX
KUAKOCTeH. [IpOMCXOOUT 3TO TpPH NPOJUBE JKUAKOCTH BO BHYTPECHHHE
KOHCTPYKIIMHU TI0J1a, O/ mKad, IIIHHTYC, B APYrHe MOJOCTH. ['OpeHHe KUIKOCTH
obccrieyrMBaeT B OTOM Cllydae IIOSBICHHE HAa KOHCTPYKIIMH JIOKaJIbHBIX
TEPMUYECKHX MOpaXeHUH. B KOHEUHOM cueTe, MOKET 00pa30BaThCs M CILUIOIIHOM
porap KOHCTPYKIIMH, HAPUMEP, IbIpa B MOIY.

He HyXHO, OmHAKO, MyTaTh TaKHe MPOrapbl C OOBIYHBIMH IS MHOTHX
Pa3BUBIIMXCS TOXAPOB IICJICBBIMUA TPOTapaMHd B TOJAX W JPYTHX IYCTOTHBIX
KOHCTpYKIHUsAX. OHM 00pa3yroTCs, KOTrjia TOPSHUE Pa3BUBACTCS BHYTPH IYCTOTHOM
KOHCTPYKIIMU M TIO IIEISM WM APYTUM HEIUIOTHOCTSM B KOHCTPYKIIMH, TBUTAsCh
10 HAINpPaBJICHUIO KOHBCKTHMBHOIO BO3JYIIHOIO IIOTOKA, BBIXOIUT HAPYXKYy.
Otiuyue IeNeBbIX IPOrapoB OT MporapoB, BcieactBue ropenus JIBX u K
COCTOUT B cieaytomieM. IlleneBbie mporapsl, Kak MpaBUio, HE CAMHUYHBI, HMCIOT
y3KYI0 BBITAHYTYIO (OPMY M OPHUEHTHPOBAHBI BJOJIb INEIM (HampuMep, BIOJIb
CTBIKA JIOCOK I10J1a).

[1leneBbie mporapsl MOTYT 00Pa30BaTHC M IIPH OTCYTCTBHH YEPHOBOIO T10JIa
IIPOCTO 3a CUeT 00JIee HHTEHCHBHOTO TOPEHUS B 30HE I 3a CUET MPUTOKA Yepe3
IIeJb CBEXero Bo3ayxa[3].

7.5. Knaccupukanusi BemecTB, NPUMEHSEMbIX MOKUTATEISAMMA ISt
YCKOPEHUS 32:KUTAHUSA U TOPEHUA

MHO0XEeCTBEHHOCTh OYaroB MoXKapa, a TaKke ObICTpasi TUHAMUKA Pa3BUTHS
[oXKapa 4acTo SBJSIOTCS  CIEICTBUEM [PUMEHEHUS HWHULMATOPOB  WIIH
ycKopuTesnen ropenus. Jla u cpeau yecTpoucTB, MIPUMEHSAEMBIX IS MTOJKOTOB, MbI
BBIICJISUIA CpeJICTBA JOCTaBKKM Ha MecTo moxapa JIBXK u [0K unm ycrpoiictsa, ¢
MOMOIIIbIO KOTOPBIX OHU NMPUMEHSIOTCS. Takum 00pa3om, 3TOT MPU3HAK — HATTUYHE
Ha MECTE IOXkapa OCTAaTKOB WM CJIEA0B MHHUIMATOPOB TOPEHUS — CTAHOBUTCH,
noxkanay, HauOoJiee BaXKHBIM, KIIOUYEBBIM CpeAu BCEX KBATU(PUKAIIMOHHBIX
MPU3HAKOB TMOJHKOTa. ITOT BBIBOJ CJICAYET U U3 TTOBCEIHEBHOM MPAKTUKKU PAOOTHI
TEXHUYECKUX CIECIUATMCTOB, KOTOPHIC MPU MOAO3PEHUHN HA TMOJXKOT CTPEMSITCS B
MEePBYI0 OYepe/lb OTOOpaTh COOTBETCTBYIOIIME MPOOBI W HCCIENOBAaTh WX Ha
HAJIMYME MHULIMATOPOB FOPEHUS.

BemecTBa, koTOpble MOTYT OBITH KMCIOJIB30BaHBI KaK CpPEJACTBA MOKOTa
MPUHATO HA3bIBATh YCKOPUTEJSIMA WJIA MHULAATOPAMU TOPEHUS. DTU BEIIECTBA
WCITOJIB3YIOTCSl KaK caMu 10 ce0e, Tak U B COCTABE CMECEH, a TAK)KE€ B TEXHUUYECKHUX
cpeacTBax (yCTpoucTBax) Juisl mojxora. MHUIMaTOpbl TOpeHUsl, TO €CTh BEIIECTBA
¥ MaTepHalibl, CBOWCTBA KOTOPHIX OJATONMPHUSATCTBYIOT BOSHHUKHOBEHUIO TOPEHUS,
MO>KHO TIO/IPa3/IeTTUTh Ha JABE OOMBIIKE TPYIIIIHL:

144



- JIETKOBOCIUIAMEHSIFOUIUECS U TOPIOYHUE KUJIKOCTH,

- crieranbHbie coctaBbi[10].

JlerkoBocijiaMeHsIIOIMecs: U TOPIOYHe HKUAKOCTH

W3 Gonpmioro ymcia roprouux KUAKOCTEH Hambosee 4acTo MPUMEHSIOTCA
IpU TOJHKOraX MOTOpPHBIE TOIUIMBA (O€H3WH, aBUALIMOHHBIA KEPOCUH, JU3EIbHOE
TOIIMBO); PAaCTBOPUTEIM M TEXHUYECKUE KHUJIKOCTH, SIBISIOUIMECS TOBAPHBIMU
HepTenpoaykraMu (yalT-CIMPUT, OCH3UH «KaJOllay, OCBETUTEIbHBIH KEPOCHH);
pacTBOpHUTENU HEe He(YTAHOTO psifa (pa3IUUHble HOMEPHBIE PaCTBOPUTENH, alleTOH,
COHPT | 1p.). Pexke NMpUMEHSIOTCS HEKOTOPhIE TOBAaphl MUINEBON U MapdroMepHO-
KOCMETUYECKOU IPOMBIIUIEHHOCTH (myxu, JOChOHBI, MUIIEBbIE
CIIUPTOCOICPIKAIINE KUJKOCTH).

B moxapHO-TEXHMYECKOW  JUTEpAType  4Yamle BCEro  IPUMEHSIOT
nojApa3ejeHue BCeX TOPIOUUX KUJKOCTEH Ha JierkoBociuiamenstomuecs (JIBXK),
Cpeau KOTOPBIX BBIACISAIOT KaTErOpHUI0 0CcO00 OMAacHBIX U COOCTBEHHO TOpPIOYHE
xuakoctu (I7K). EnvHCTBEHHBIM mapaMeTpoM 3TOW KiacCU(UKALUU SIBISIETCA
HKCIIEPUMEHTAJIBHO OIIPEAEIIIEMBIN NTOKA3aTelb TEMIIEPATYPhl BCIIBIILIKH.

[{enssM TMArHOCTUKHM MHULIMATOPOB TOPEHUS, IPUMEHSAEMBIX IS I10JKOTOB,
Takas KiacCU(UKaIUs HE OTBeYaeT.SICHO, YTO B OAHY U Ty K€ TPYIIy MOTYT
NONajaTh pa3jgu4HbIE [0 COCTaBY M CBOWCTBAM TOpPIOYME KUAKOCTH. Tak,
aBTOMOOWJIbHBIE O€H3MHBI, HE3aBUCUMO OT MAapKH, KEPOCHHBI, OOJbIlIas 4YacTh
JM3EJIbHBIX TOIUIMB, & TaKXe€ HEYIJIeBOJOPOJHbIE COCTAaBHbIE PACTBOPUTENN
OTHOCSTCSA K Kareropuu JIBIK.

CymiecTByeT MHOXECTBO KiaccuuKkaiuii otaenpHbix kareropuit JIBXK, 1K

1o ux COCTaBy, duznuecKuM, XUMHYECKHM, TEXHOJOTHYECKHM,
AKCIUTyaTallMOHHBIM CBOMCTBAM. Haubonee JeTaabHO pa3paboTaHa
KJaccuurkanus He(TENPOIYKTOB (HIT). BripabaTbiBaemble Ha

HedTenepepadbaThIBAIOIINX 3aBO/IAX, TAK Ha3bIBAEMbIE TOBapHbBIE HEPTETPOTYKTHI
MOJPA3ICNSAI0T Ha TOIUIMBA, HEPTSAHbIE Macia, napaduHbl U I[EPE3UHBI,
apoMaruueckue yrieBogopoasl (YB), nedrtsabie OuTymbl, HePTSIHOU KOKC,
IJIACTUYHBIE CMa3KH, MPUCAJKU K TOIUIMBaM W Maciiam, npouure HIIT pazmuunoro
HasHaueHus. M3 HITHX TPOAYKTOB pEaTbHO WCIOIb30BAThCI B KayecTBE
WHUIIMATOPOB TOPEHUS MOTYT HEKOTOpbIe TOIUIMBA (OCH3WHOBBIC, TOTUIMBA JIJIS
BPJl, nuzenwvubie), apomatuyeckue YB (6en3on, Tomyon, kcwion), uubie HII
pa3IUYHOTO0 Ha3HAYCHHUS (OCBETHTEIbHBIE KEPOCHHBI, OCH3WHBI-PACTBOPUTEIIH,
COJIbBCHTHI, IPUMEHSIEMBIC B PE3MHOBOM U JTJAKOKPACOYHON IIPOMBIIINICHHOCTH ).

OCHOBHBIMH ~ KJTaCCU(DUKAITMOHHBIMA TIApaMETPaMHU MOTOPHBIX  TOILIUB
SIBJISFOTCSI UX DKCIUTyaTaIlMOHHBIC XapaKTCPUCTUKH M (HPAKIIMOHHBIN COCTaB. DTH
MOKAa3aTeIi MOTYT OBITh ONpPENENICHbl TOJBKO TMPU HAIWYUU WHIUBHIYATBHO
W30JJUPOBAHHBIX O0BEMOB  aHAIM3HPYEMBIX TMPOAYKTOB. [l  skcrepTus,
CBSI3aHHBIX C U3YYCHUEM TOPIOYUX JKUJIKOCTEH, pacpe/ie]ICHHBIX B 00beMe WU TI0
MOBEPXHOCTU MATEPHUABHBIX OOBEKTOB, TEM 00Jiee HAXOAIIUXCS TaM B MaJIbIX U
CJIEIOBBIX KOJMYECTBAX, IAHHBIC MMApaMETPhI MPAKTUUECKH HETIPUTOJTHBI.

Cpenqn mnpoumx HII pa3nuuHoro Ha3zHayeHUs HAWIYYIIAM 00pa3oM
pa3zpaborana kinaccudukanus HeDTSHBIX pacTBOpHUTENCH, Wi HedpacoB. DTUM
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OOIIMM HAaWMMEHOBAaHMEM B HACTOAIIEE BPEMs 3aMEHEHBI BCE NMPEKHUE HA3BAHUS
pacTBopuTelied HEPTIHOTO psifa, TakMe Kak yaWT-CIIUPUT, COJIbBEHT HE(TSHOM,
bpakuus mnerpoisieiiHoro 3dupa, Kamomia U 1p. CBoicTBa  HEPTIHBIX
pacTBOpUTEIIEH, IO KOTOPBIM CTPOUTCS UX KiacCUUKAIIMS, TAKXKE ONPEAeIIIIOTCs
U3 00bEMHBIX KOJIMYECTB aHATU3UPYEMBIX KUIKOCTEH.

ComocTaBisisi  Kiaccu(UKalMd MOTOPHBIX TOIUIMB W HedpacoB MOKHO
yOeIuThCsl B TOM, YTO HEKOTOpPbIE MX KIAcCU(PUKAIMOHHBIE MOKA3aTEIN UMEIOT
OJIMHAKOBBIE WM Onu3Kkue 3HaueHus. Tak, (pakIMOHHBI COCTaB MOTOPHBIX
OCH3MHOB U OCH3MHOB-PACTBOPUTENEH HAXOAUTCS, MPAKTUYECKH, B OJHHUX U TEX
K€ Mpeneax, CIeNOBATEIbHO, IPU MCIOJIB30BAHUM JAHHOIO IapaMeTpa MOKET
BO3HUKHYTH HEONPEIEICHHOCTh B JUarHOCTHKE.

Yro kacaercs pacTBOpUTENE HE HEPTAHOTO psAla, TO HMEETCS JMIIb
HOMEHKJIaTypa UX MapoK (HOMEpPOB WM TOBAPHBIX HAaWUMEHOBAHMII), KaXKION M3
KOTOPBIX COOTBETCTBYET MHAUBUIYAJIBHBIM COCTAB, NMPUBOAMMBIN B CIIPABOYHOU
muteparype. To ectb, st stoit kareropuu JIBXK, 'K BooGmie otcyrcTByIOT
obmue KiaccupUKaMoHHble Noka3arenu. K Tomy ke uMeromuecs B HacTOsIIEe
BpEMsI Ha TOBAPHOM PBIHKE PACTBOPUTEIN 3a4YaCTyIO BBITYCKAKOTCS Pa3IMYHbIMU
dbupmaMu, OHM HMEIOT CHEeUUPUUECKUE WHAMBUIAYalbHbIE Ha3BaHUS (TUMA:
«pacTBOPUTEIIb TEPMOPEAKTUBHBIIN) U HEPETIIAMEHTUPOBAHHBIE COCTABBI.

He BkIItOYEHBI B TaHHYIO CXE€MY Ma3yThbl, KOTEJIbHbBIC TOIUJIMBA, CMA304YHbIC
MaTepuaibl, OIU(BI, MOCKOJBbKY HX (DUIUKO-XMMUYECKHE CBOMCTBA (BBICOKAS
TEMIlepaTypa BCIBIIIKKA, OTCYTCTBUE JIETKMX (pakiMii, HU3KOE J1aBJICHUE
HACBIIICHHBIX MMAPOB) JEJAIOT UX MPAKTUYECKH HE MPUTOJAHBIMU ISl COBEPLICHUS
nomxkora. OCOOEHHOCTH XMMHUYECKOIO COCTaBa M MOJIEKYJIIPHOM CTPYKTYpbI
KOMIIOHEHTOB KQ)XKJIOM W3 BBIJAECIEHHBIX TPYNN JIETKOBOCIUIAMEHSIOIIUXCA U
TOPIOYUX JKUJKOCTEH MPENCTABICHbl HA PUCYHKE. DTHU TPYIIIOBbIE OCOOCHHOCTU
MOJIOKEHBI B OCHOBY Pa3pa0OTKU MPU3HAKOB UX JUATHOCTHKHU.

Yacrora npumenenusi otaenbHbiXx BuoB JIBXX wm IOK nmpu mnomxorax
00ycIoBJI€Ha, BUJUMO, MPEXIE BCEro, JOCTYIMHOCTBIO TE€X WJIM MHBIX KHUJIKOCTEH
JUISL 3JIOYMBIIUICHHUKA. AHAIN3 MAaTepHAJIOB JI03HAHUS IO MOXKapaM MOKa3bIBAET,
YTO JJISl TOJKOTOB IPUMEHSFOTCS:

- OCH3UH, KEpPOCHH OCBETHTENbHBIH, JU3€JIbHOE TOIUIMBO (CBETJIbIE
Hedrenpoaykrsl) - 70%,

- pactBOpuTENU- 25%,

- npouue JIBX u K- 5%.

Eciu mbl obGnapyxkuBaem octatku JIBX, I7K u apyrux uHULMATOPOB
rOpeHusi TaMm, [IJIe HUX HaxoXJEHHE He OOYCJIOBJICHO MPOU3BOJICTBEHHOU
HEOOXOJMMOCTBIO WJIM YCIOBHUSIMU XPaHEHHs, 3TO MOXXET CBUIETEIbCTBOBATH O
TIOJKOTE C MPUMEHEeHUEM 3Toi xuakoctu[10].

CrnenuaJjibHble COCTABBI

K 3T0i1 rpyniie npuHaaiexaT BEIIECTBA U CMECU BELIECTB, BO3TOPAOIIHNECS
IPU KOHTAKTE APYr ¢ apyroM. K HUM OTHOCATCS CHEUUAIBHBIE IOJKUTAOLINE
COCTaBbl Ha OCHOBE CHJIBHBIX OKHUCIIMTEJIEH, MPOMBIIUIEHHBIE MUPOTEXHUYECKUE
COCTaBbl, TEPMUTHL. X OCHOBHBIE KOMIIOHEHTBI — OKHCIHTEND, SBISIOLIUNACS
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WCTOYHUKOM KHUCJIOpOJa, W TOplouee BemecTBo. BemecTtBa 3ToMl  Tpymmbl
UCTIONB3YIOTCS  TMOJPKUTATeNIIMA ~ HE  TaKk  4acTo, Kak ToOplouYue U
JIETKOBOCIUTAMCHSIONINECST ~ KHUJAKOCTH, HO MHOTHE  3aKa3Hble  IOKOTH
BBITIOJHSIOTCS C KX TIPUMEHEHHUEM.

BemecTBa, wucmonbp3yemble i MPUTOTOBIICHHUS CIIEIICOCTaBOB BEChMa
pazHoOoOpa3Hbl. Yarie BCero OHM MMEIOT HEOPTraHWYECKYI0 MPHUPOAY: IICIOYHBIC
METAJIJIBI B YUCTOM U CBSI3aHHOM COCTOSIHHH, IIIEJIOYHO3EMENIbHBIC METAUTBI M MX
MPOU3BOAHBIC, XJIOPATHl M TEPXJIOpaThl, KHUCIOPOICOJCp)KAINE BEIIeCTBa -
MIEPOKCHUIBI, XPOMAThI, OpOMATHI U MOUTHI, TIEPMAaHTaHATHI, GocopocoIepKaIIme
¥ HEKOTOPBIC WHBIC BEIIECTBA. Bce BhINMICTIEPEUNCIICHHBIC TPYIITBI BEIIECTB MOTYT
OBITh WCTOJB30BAHBI TMOHKUTATEISIMA HM3-32 CBOUX CHEIU(DUUECKHX CBOWCTB -
BBIICNIATh KHUCIIOPOJ WM BOJOPOA TPHU HE3HAYUTEIHHOM HAarpeBe, BBIICITATH
00JIbIII0e KOJTUYECTBO TETJIA, CIOCOOHOTO BOCIUIAMEHUTH OKPYKAIOIINE TPEIMETHI
BCJICJICTBUE OK30TEPMHUUYECKOW XWMUYECKOW pEaKIMu B3aUMOJEHCTBUS WIIU
pasznoxkeHus. VHUIIMUpOBaHME TaKUX pPEAKIMA MOXKET OBITh OCYIIECTBICHO
pa3IMYHBIMKM clioco0aMu: yaapoMm (a3uja CBHHIIA, XJOpaT Kaius U T.J.), OT
CONPUKOCHOBEHUS C BO3JYXOM WJIM BJaroi (IIEJOYHbIE W IIEI0YHO3EMETbHBIC
MeTasuibl), OT HE3HAYUTEIHHOTO MOJA0rpeBa (HUTPAThl CBUHIIA, HATPHS), cepedpa 1
T.J.).

Bo3moxHo UHUIIMAPOBAHUE AK30TEPMUYECKOMN peakiuu npu
B3aMMOJICCTBUM JIBYX XHMHYCCKHUX PEarcHTOB, HAlpUMEp: HUTpaT HATpus +
Macjao (MacisHas BETOINb). MeXaHWU3M TaKOW pPEakIuy MPOCT: MPH HEOOIBIIOM
HarpeBe HUTPAT HATPHUS HAYMHACT PACHICIUTHCSA C BBIACICHUEM KHCIOPOJaA,
KHUCTIOPOJT B3aUMOJICUCTBYET C MACIIOM, PE3yJbTaT - MTHOBEHHOE BOCINIAMEHEHHE.
Takux KOMOWHAIMKA CYIIECTBYET IOBOJBHO MHOTO M HEKOTOpPBIE W3 HUX YKe
«YCIIENTHOY TTPUMEHEHBI Ha MPAKTHKE.

Kak yxe oTmedanoch, NIl BO3HUKHOBEHHUS TOPEHHUS M YCTOMYHMBOTO €TrO
pa3BUTHS HaA TEPBOM CTaAWMM HYKEH, KaK MPaBWIO, CWIbHBIA OKHUCIUTEIh B
COUETaHUU C JIETKO OKUCIISIEMbIM BEIIECTBOM HJIM MaTepUajoM (M3BECTHBI CIIydau,
KOT'/Ia HAa OOBEKTE YKE €CTh TOPIOYHE BEIIECTBA, TOTJA IOCTATOYHO HCIIOJIh30BATh
TOJIBKO CUJIbHBIN OKUCIIUTEIb).

[IpocteifmiMu  KUCTOPOAOCOACPKAIUMU  OKUCIUTENSIMUA ~ SIBJISTFOTCSI
OKCHJIbI, HAIPUMEpP, OKCHUBI JKelie3a, CBUHIA, & TAKKE MEAH, IIMHKa, KPEeMHU,
BUCMYyTa, BOJbh(haMa, a TakKe OKCHABI XpOMa M BaHAIUS, TICPEKUCU Oapus U
CTpoHIUsA. Takke B pONM OKHCIWTEICH MOTYT BBICTYNAaTh COCAUHCHUS,
coJieprKallne 3JIEMEHTHI, PEaKIUs KOTOPBIX C TOPIOYMMH BEIIECTBAMH IMTPOUCXOIUT
B (hopMe TopeHust — rajioreHsl, cepy, dhocdop, azoTt, yrieposa, 00p, celieH, TeLTyp.
K mpocTteimmmM CoeMHEHUSM 3TOTO THIA OTHOCSTCS TaIOTCHUIIBI, CYIbQUIBI U
HUTPUJIBI MAJOAKTUBHBIX METAJIJIOB.

Hawnbosiee MHOTOUYMCICHHYIO TPYMIy OKHUCIWTEICH BXOIANIUX B COCTaB
CIEIUATBHBIXCOCTABOB O0Pa3ylOT HEOPTraHWYECKHE KHUCIOPOJICOACPIKAIINE COIU
(HUTpaThl, TEpPMaHTaHAThI, XJOPAThI, TMEPXJOpaThl, CyJIb(aTbl, XPOMATHl U
Oouxpomartsl u T.11.). HekoTophie U3 HUX, @ UMEHHO COJIM aMMOHMSI, KaJusi, HaTpus,
Oapus, CTPOHITUS, PUMEHSIOTCS IOBOJIBHO IIUPOKO; COJIH JIUTHSI, PYOUIMS, 113U
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MPUMEHSIIOTCS] 3HAUYUTEIIBHO PEXKE.

Pa3nooOpa3ue Pu3MKO-XUMUYECKUX CBOWCTB paccMaTpUBAEMbIX BEIIECTB -
WHUILIMATOPOB TOPEHMs, HX JOCTYIHOCTh, MPOBOLIUPYET pa3pabOTKy U
MIPOU3BOJICTBO, JAXKE B JOMAIIHUX YCJIOBUSX, PA3JIMYHOIO BHUJIA OTHE3AKUTAOIINX
U OTHEMPOBOJHBIX YCTPOMCTB, UTO 3HAUUTEIBHO 3aTPYIHSAET pabOTy MOKapHBIX
DKCHEPTOB IO PpacCleOBaHUIO TMOXapoB. B coctaB HeETpaaUIMOHHBIX
WHULIMATOPOB TOPEHUS BXOJST BEIIECTBA, 3HAYUTEIBHO PA3JIMYAIOIINECS IO CBOEH
XUMHUYECKOUN IPUPO/Ie, TOATOMY OOHAPYKEHUE UX OCTATKOB Ha MECTE ToXkapa, Ipu
pacciIeq0BaHNH ITOJKOTOB SIBJISETCS BECbMA CIIOKHBIM JEJI0OM.

BemectBa, wucnonp3yemble 11 YCKOPEHUST TOPEHHS IPHU BO3MOXKHOM
MOJKOTE, B OOJBIIMHCTBE CIy4yaeB M3MEHSIOT CBOE MEPBOHAUAIBHOE COCTOSIHHE,
oOpa3ysi HOBBIE COCIMHCHHS B pe3yjibTaTe XHUMHYECKUX B3aWMOJICUCTBHUS U
TEPMHUYECKON NECTPYKIMHU MOJ BO3JCUCTBUEM BBICOKOW TEMIIEPATYPHI HA MOXKape.
[Ipu sTOM 00pa3yroTCs MPOAYKTHI, HAXOISIINECS B Ta30BOM, KUIKONW U TBEPAOU
dazax. Bce atu hopmbl MOTYT MPUCYTCTBOBATh Ha MecTe MoXkapa. OIHAKO TPYAHO
OKHJIATh COCTABJIEHUS [MOJHKUTaTENEM TMOKUTaOIIMX CMECed, B KOTOPBIX
WHUIIMATOP TOPEHUS U TOProYee BEIIECTBO HAXOAWIUCH Obl B CTEXHOMETPUUECKOM
cooTHOLIeHUH. [IcuXonorust MoJKUTraTeNsl dYalle BCEro 3acTaBisiET  €ro
MCITI0JIb30BaTh MHUIIMATOP TOPEHHUs B U30BITOUHOM KoJmdecTBe. [loaTomy Ha MecTe
MoXkapa, BO3MOXXHO OOHapy>KEHHE HE TOJIbKO TMPOAYKTOB  Pa3JIOKEHUS
WHULIMATOPOB FOPEHUS, HO U UX HEMPOPEArupOBABIINX OCTATKOB.

B cnaydae mpuMeHEHHS TOIKWTATEIIEM CMECH KOMIIOHEHTOB - TOpIOYEe
BEILECTBO + OKUCIUTENb, B OYAaroBOW 30HE Ha OOYIVIEHHBIX MaTepHayiax, OyAyT
MPUCYTCTBOBAThH BEIIECTBA, COACPIKAIINE OKUCIUTEND B UCXOIHOW OKHCIICHHOM, a
TaKXe B pa3JIMUHbIX 00JIee UM MEHEe BOCCTAaHOBJIEHHBIX (hopmax.

JI1s eneit moxapo-TeXHUUECKON dKCIEePTU3bl Hanbosiee 11es1eco00pa3HbIMU
SBJIIETCSI WCIIOJIb30BaHWE HWHCTPYMEHTAJIbHBIX MeTo/0B. Cpenu HuX Haubolee
pE3yIAbTAaTUBHBIMU SIBJISIFOTCS: aTOMHO-3MHCCHUOHHAs CHEKTPOCKOIHS, aTOMHO-
a0COPOIIMOHHBIN CIIEKTPOCKOMHS, MACC-CIIEKTPOMETPHS,
pentrenoduyopecteHTHbIi ananu3[10].

/.63bsiTHE, yNAaKOBKAa M NOATOTOBKA K aHAJM3Y CJeJA0B TOPHYHUX
KMIKOCTE Ha 00beKTaxX HOCUTEJISIX

CoBpemeHHbIe J1abopaTOPHBIE METObI MO3BOJISIIOT OOHAPYKUBATh OCTATKU
OT cropanusi OyKBaJlbHO Karelb cBeTioro Hedrenpoaykra. Ilepsas 3agada npu ux
UCCJIEIOBAHUM COCTOMT B TOM, 4YTOOBI HAaWTH MECTO HAaXOXXIEHHUS TBEPIbIX
o0bekToB Hocutene c¢ ocrarkamu JIBXK (I'K), npaBuibHO uX 0TOOpaTh,
yIaKkoBaTh U JJOCTABUTH B JIAOOPATOPHUIO HA UCCIIEIOBAHHUE.

[Ipexne, ueM orobpate npody c ocrarkamu JIBXX (IK) neobxomumo ee
HaiTu. JKUAKOCTM M MX OCTAaTKM MOTYT AErpagupoBaTh, UCHAPATHCA U, TaKUM
o0pa3oM, OKOHYATEeNIbHO TEepAThCS B XoJe Tmoxkapa. Jlydme Bcero oOHHU
COXPaHSIOTCS B MECTAX, 3AIIMILIEHHBIX OT MPSMOTrO JYYUCTOrO Harpesa IJIaMEHU
nokapa - 1moj mkadom, moj MIMHTYCOM, B IIENAX, MMa3ax pazHoro pojaa. Bemuka
BEpOSTHOCTh 00HApYxuTh JIBXK BO BHYTpEHHUX KOHCTPYKIIUSX TOJIOB (UEPHOBBIC
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NOJIBI, TOJI TOJ IAPKETOM, ILIITYyHT IOJIOBBIX JOCOK M napkera). JKuakocTs,
IpoJiuTasi B JOCTATOYHOM KOJMYECTBE HA IOJ W MMOMNaBIIAs B IIMYHT MOJOBBIX
JIOCOK WMJIM TapKeTa, MPOHUKAET Ha BCIO TTyOUHY IIMYyHTAa U MO ThUILHOW CTOpOHE
JIOCKM pacTeKaeTcsi B CTOPOHBI OT INEIH, CMadylBasi BHYTPEHHIOIO MOBEPXHOCTH
JIOCKU WJIM MApKeTHOW IIaHKu. I TaM OHa XOpOIIO COXpaHSETCsA B XOJ€ MoxkKapa.
OKCHEepUMEHTAIbHO YCTAaHOBJIEHO, YTO Ha OOpaTHON CTOpPOHE MapKeTa Jaxke
OCH3UH COXpaHseTCs J0 TeX MOop, MoKa MapKeT He MEepeyriuTcs Ha BCIO IIyOuHY,
T.e. MOKa (GpPOHT OOYrJIMBaHUS IPEBECHHBI HE IOWIET A0 OOpaTHOW CTOPOHBI
NapKeTa ¥ Y4epHOBOT'O MOJIA.

Ecnu B pe3ynbTaTe Mo pKora BeITOPENd OJWH-IIBA KBAJAPATHBIX METpa M0JIa,
TO TpobsieMbl, Te oTOupaTh mpoOy Ha JIBX, B oO0mem-to, HE CyIIEeCTBYET.
OpHako eciy IUIOIIA b MMOXkKapa COCTABISAET JECATKA U COTHU KBaJPAaTHBIX METPOB,
HaTH MeECTO, TJie Haubojiee I1eaecooOpa3Ho 0ToOpaTh MNpoOy, TOCTATOYHO
cl105kHO0. OCOOEHHO, €CIM HET OPUEHTHUPOB B BUJIE YKa3aHHBIX BBIIIE XapaKTEPHBIX
nsareH- noananuH. B CIIA akTMBHO UCHONB3YIOT JUIsl TMOAOOHBIX IIeNiel
CHELMATIHO JpeccHpoBaHHbIX coOak. He cienyer urHopupoBaTh U BOZMOXKHOCTH
YeJIOBEYECKOr0 OOOHSHHUA, XOTS M YCTYNawILero codaubeMy, HO TOXeE
SBJISIOLLETOCS. JOBOJBHO YYBCTBUTEIbHBIM MHCTPYMEHTOM, OCOOCHHO B MOMEHT
BCKPBITHS 3aKPBITBIX 00BEMOB, HAIIPUMEP, MOJIOB, INIMHTYCOB, Toporos. Hanbosnee
palMOHAIBHO TPUMEHATHh Ui 3TUX LENEeH Ta30Bbl€ JETEKTOPBI, KOTOPBIE HE
CIIy4ailHO 4acTO HA3bIBAIOT «3JIEKTPOHHBIM HOCOMY.

Texnuka oTO0pa nMpo0 3aBUCUT OT XapakTepa MaTeprana 00beKTa HOCUTEIS.

OT1O60p nMpod apeBecUHbI

Heo0xoaumMo MOMHUTH, YTO MpPOObI OOYIJIEHHOM IPEBECHUHBI (IpPEBECHBIE
yrau) orOupaTth He cnenyer. B yrie ocrarku JIBXK He coxpaHstoTcs, mosTomy
oTOMpaTh HAJIO0 HEOOOYTJIEHHYIO ApPEeBECUHY. ECiiM MMEIOTCS XapaKTepHbIE IMSATHA
NOJMAJIMHBl OT BBITOPEBIIEH TOpPIOYEH JKUIKOCTH, TO Mpoda JpeBECUHBI
0TOMpaeTcs Mo MEPUMETPY ITOTO MATHA.

[To BoOKHY, 3a CYET KaMWLIAPHBIX 3 (HEKTOB, KUIAKOCTH 32 YaC-[Ba MOXKET
BnuTathcs Ha 80-90 MM mo anuHe nocku. Ilomepek BOJIOKHA, €ClIM B JIPEBECHHE
HEeT AeEeKTOB, KUAKOCTh 3a 3TO BpeMs npoHukaet Bcero Ha 0,2-0,4 MM. YuuTbiBas
9TO 00CTOATEIBCTBO, OTOOP MPOO OCYIIECTBISIOT C IMOBEPXHOCTH JTOCKH TOTIEPEK
€€ BOJIOKOH IyT€M COCTPYIMBaHHUS, COCKOOA HOXKOM, CTaMECTKON WM JPyruM
MHCTPYMEHTOM Ha 1inyouny 1o 1 wmm. Ecium umeercs mnopo3peHue Ha
MPOHUKHOBEHUE >KUJKOCTH C TOpLA JOCKH WM OpeBHA, TO CIEAYyeT OTIHIUTH
TOpEll JACPEBIHHONW KOHCTPYKIMU Ha JIauMHY 110 50 mMM. BceBO3MOXKHBIE Ta3bl,
OTBEPCTUS OT I'BO3JI€H, CYUYKOB U T.J. HEOOXOAMMO BBICKOOIUTH HA BCIO TIIyOUHY.
BrIcKk0oOIUTE HEOOXOAMMO TaKke OOpaTHYIO CTOPOHY JOCKH B 30HE CKBO3HOIO
nporapa. OTOMpaTh «HA BCSAKUU Clydail» JUIIHIO JpeBecuHy He cienyeT. Ee
HKCTPAKTUBHBIEC BEIIECTBA TOJHKO MEHIAIOT OOHAPYKEHHIO UCKOMOMW KUAKOCTU U
pa30aBIsIOT U 0€3 TOrO HU3KO KOHIICHTpUpOBaHHYIO Tpoly JIBXK.

B tpynHonmocTynHbeix Mectax (yriayOseHus, massl u Ap.) octatku JIBXK ¢
JIPEBECUHBI MOKHO W3BJI€Yb CMBIBAHUEM WX OPraHUYECKUM pacTtBopuresiem. Jls
3TOTO MOJIB3YIOTCSI BATHBIMU TaMIIOHAMHU, OOMJIBHO CMOYEHHBIMH PACTBOPUTEIIEM.
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TaMIoHbl HaMpaBlFAIOTCA HAa HCCIEIOBAHME B KauyeCTBE OOBEKTa HOCUTENs
JIBXK[10].

OT100p NPO0 rPYHTOB U MHBIX CHIMYYUX MATEPHAJIOB

I'pyHT, IECOK, KpyIbl, APYTHUE OUCIIEPCHBIE MATEPHUAIIBI XOPOLIO BIIUTHIBAKOT
JIBX u 'K, coxpansioT ux B Xojie moxkapa. Mx o6s3arenbHo cieayer otouparh B
KauecTBe OOBEKTOB HOCHUTENEH, €CIM €CTh IMOAO03PEHHE, YTO Ha HUX Iomala
roproyasi KUAKOCTb. OUeHb XOPOIIMM COPOEHTOM SIBJISIOTCSI MUIIEBBIE CHITyUYHe
poaykThl Oco00e BHUMaHHUE HAAO YIEIATh TPYHTY IO ITOJIOM, €CJIH B JIOME WA
capae, I/i€ 3JI0yMBIIIIEHHUK YCTPOUJ MOHKOT, HET YEPHOBOr'O MOJIA.

['myOuHa MpOHUKHOBEHUS TOPIOYEH KUAKOCTU B TaKHE MaTepHUasibl 3aBUCUT
OT HPUPOJBI MaTepHUaia, €ro BIAKHOCTH, TUCIEPCHOCTH, IPUPOJILI KUIKOCTH, €€
KOJMYEeCTBA W JPYrux (akTopoB. MOXKHO CUHTATh JOCTATOYHBIM Ha MeECTax
peanbHbIX MOKapoB 0TOOp Mpo0 Ha TITyOUHY A0 5 cM.

OT160p npod TkaHel

TkaHu MpeKkpacHO COXPAHSIOT HEDTENPOAYKTHI U JAPYTUE KUIKOCTH JaKe
npu oOyrinuBanuu. Illpumep Tomy - dakenbl, C TOMOIIBI0 KOTOPBIX YacTO
COBEpIIAIOT MO/KOTU. HecMoTpst Ha TO, YTO TpsANKa HAa HUX CHUJIBHO OOropaer,
roproyasi JKMJIKOCTb B HHMX OOBIYHO JIETKO OOHApY>KMBAETCS Ja)e IO 3amaxy.
OO6ropeBie (€CTECTBEHHO, JO ONPENEICHHON CTENEeHH) TKAHU COXPAHSIOT
OCTAaTKU TOPIOYUX JKUJKOCTEH Onarojapsi cBoeil mopuctoctu. [loaTomy TkaHu, B
OTIIMYME OT JAPEBECUHBI, Ha IMOXKAape OTOMPAIOT JlaXe B CIy4ae MX YaCTUYHOIO
BBITOPAHMUSL.

OT160p Npod KomoTH (caxmu)

B nowuckax oCTaTKOB MHUIIMATOPOB TOPEHUS MOXKHO OTOMpATh Ha MECTe
Mo’Kapa, a 3aTeM HCCIIEeI0BAaTh KOMOTh (CaxKy) C OKPYKAIOUIUX OYar KOHCTPYKIHUU.
Komnots sBisieTCs MpeKpacHbIM COPOCHTOM, U B HEM MOTYT COXPaHSATHCS TSIKEIbIC
HEBBITOPEBIINE OCTATKH OCH3WHOB, YaCTHOCTHU TOJUIUKINYECKUE YTIIEBOJOPOIbI.
KomoTs oTOMparoT Ha OKpYXKalOUUX KOHCTPYKIMSAX B 30HE OCAXKICHUS JbIMa U3
ouara.

Ot6upars nocie noxapa mpoosl JIBXK ¢ moBepxHoctu 6eToHa, METAILIIOB |
JIPYTUX MOJO00HOTO POJia HEMOPUCTHIX MATEPUATIOB MMEET CMBICI TOJBKO B TOM
ClIy4ae, €CJIM UMEIOTCA BUAUMBIE JTYKHULIbI KUJKOCTH.

JIyullbl TPEaNoNIOKUTENIBHO TOPIOYEH JKUIKOCTH CIENyeT coOuparth
MEJIUIIMHCKUM ILIIPHULIEM WIA TPOMOKHYTh (DUIIbTPOBAJILHONW Oymaroil Wiu BaTowu.
[Ipu »TOM HEOOXOAUMO 00s3aTeIBHO COOMIOJIaTh MEpbl O€30MacCHOCTU, U
MOJIb30BaThCS TIEPUYATKAMM WJIM MUHIIETOM, HE JOMYyCKasl MOMaJaHusl )KUIKOCTH Ha
KOXY.

OT160p nNpod cpaBHeHUA

[Ipu ot6ope mpod n0OOro M3 MarepuanioB - MOTEHUUAIBHBIX HOCHUTEIEH
OCTAaTKOB MHUIIMATOPOB TOPEHUS HEIIb3s 3a0bIBATh O €I1Ie OJTHOM BaXKHOM MOMEHTE
- 0TOOpE TaK Ha3bIBAEMOM «HYJIEBOM MPOOBI» MU «IIPOOBI CpaBHEHUs». OCOOESHHO
aKTyaJbHO 53TO IS TOJUMEPOB M MaTepualioB Ha WX OCHOBE (Hampumep,
JIMHOJIEYMa), TOJIOB, MMOKPBITHIX MACTUKOW U JIakoM. Bo Bcex 3THx (a, BO3MOXKHO, U
JIPYTUX) CIy4asX B CAaMOM MaTepuaje MOTYT OKa3aThCs KOMIIOHEHTHI, OJIU3KHE TI0
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CBOEU MPHUPOAE M COCTABY K KOMIIOHEHTaM TOPIOYEN JKUAKOCTH WJIU JAPYroro
WHULIMATOpa ropeHus. [ns mpeaynpexaeHuss BO3MOXKHOW OIIMOKKM OTOMpaeTrcs
npoba cpaBHeHus. bepyT ee Tam, Kyaa MpH MOMKOTe TapaHTUPOBAHHO HE MOT
NONacTh MHULIMATOP TOPEHUS - B HauOoJiee yJajJIeHHOM OT odyara yriy KOMHAaThl, B
3aKPBITON KaKMUM-JIMOO MPEMETOM 30HE U T.]I.

Macca orOupaemoii mpoObI 3aBUCUT OT METOJa aHajiu3a, KOTOPhIA OyaeT
UCII0JIb30BaH, HO B JIFOOOM Cily4yae HE JIOJDKHA MPEBBIIATh HECKOJIBKUX JIECSITKOB
rpaMMOB. BpeBHO WM TOJOBYIO JOCKY TAIlUTh IIEJIMKOM B JIA0OpAaTOPHUIO HE
1ezecooopasHo. Bo mepBeIX, TOTOMY, YTO HE HAJIO MEPEKIIaIbIBaTh HA DKCIEpTa
3a00Ty 0 BBIOOpE Ha ATOM Jocke MecTa 0TOopa mpoOkl. Ha mokape, B KOHKpETHOU
OOCTaHOBKE 3TO cCJAeNaTh Mpoiie. A BO-BTOPBIX, KPYIMHOTa0apUTHBIM OOBEKT
HEBO3MOXXHO IPAaBWJIBHO YIIAKOBAaTh, YTO YPEBATO IOTEPEU OCTATKOB HCKOMOWU
KHUJIKOCTH.

TpeOGoBanus, mpenbsBisgeMble K ymakoBke npod Ha coxaepxkanue JIBX,
JIOCTATOYHO >KECTKHE: YIIaKOBKa JOJKHA ObITh TePMETUYHA U XUMUYECKU UHEPTHA.
TpeboBaHue repMeTUYHOCTH BbI3BaHO TeM, uTo octaTku JIBX u K, ocobenno
JIETKUX PACTBOPUTENICH ISl JTAKOB U KPacoK, OEH3WHOB U T.II. MOTYT UCHAPITHCS U
TEPATHCS TPU XPAHEHUUM B HETEPMETHUYHOW ymakoBke. Tak, Hampumep,
DKCIIEPUMEHTAIIBHO YCTAHOBJIEHO, YTO C OTKPBITOW MOBEPXHOCTU JIPEBECHUHBI
OCTaTKu O€H3MHA, OOHAPYKUBAEMBIE METOJIOM Ta30KUIKOCTHON XpomaTorpadum,
MOT'YT MOJIHOCTBbIO UCTIAPUTHCS 32 HECKOJIBKO 4YacoB. Jlydine coxpaHsitoTcst Ooliee
TSDKEJBbIE  JKMAKOCTH, HANpUMEp, OCTaTKUM CPEAHEAUCTHIUIATHBIX  TOIUIUB
(kepocuHa, nOM3EIBLHOIO TOIUIMBA), a Takke octatku JIBXK Ha mnopucThix
Hocutensix. OJHAKO OTCYTCTBUE 3HAHMM O THUIE >XKUIAKOCTH, NPUMEHEHHOU
MOKUTaTeNIeM, OJHO3HAYHO MPEAyCMATPUBAIOT TPEOOBAaHUSI K TEePMETUYHOCTHU
YIIaKOBKH.

XuMHUuecKkasi MHEPTHOCTh Taphl - BTOpPOE 00s3aTenbHOE TPEOOBaHHE K
yIHaKOBKe, TaAKkKe HEOOXO0IUMOE JIJIsi UCKITFOUECHHSI IIOTEPh MICKOMBIX KOMITOHEHTOB.

Jlyumie Bcero ykasaHHBIM TpeOOBAaHUSM OTBEYAET CTEKJSHHAs IMOCyaa -
OaHKM C TPUTEPTHIMU CTEKJISHHBIMH TIpoOKamu. MeHee TOAXOASIIUE IS
YIAKOBKH BEHIECTBEHHBIX JOKA3aTEIbCTB C OCTATKAMU WHUIIMATOPOB FOPEHMS, HO
Oonee ymoOHBI M JIOCTYNHBI IIJJACTUKOBBIE TAKEThl, B YAaCTHOCTH Hambojee
PacpOCTPAHEHHBIE - MMOJUATUICHOBBIE MEIIKHA U TTAKETHI.

[TomuaTunen He wuaeanbHas Tapa, MHOTUE OPraHUYECKUE KHUJKOCTHU
MeJIeHHO TU(PGYyHAUPYIOT Yepe3 HETO U, B KOHEUHOM CUETE, TEPSIOTCS, Jaxe Mpu
XpaHEHUU MakKeTa B XOJOAUIbHUKE. OHAKO B COBPEMEHHBIX YCIOBUSX PaOOTHI
JI0O3HaBaTeJeH MOJUATUIICHOBBIC TIAKEThI, BUAUMO, Haubosee peanbHas tapa. [lpu
BbIE3JIC Ha MOXap UX 00513aT€bHO HYKHO UMETh ¢ co00il. [TakeThl AOMKHBI OBITH
HOBbIE, YUCThIE, HE pBaHbIC (MPEXKIE, YEM 3arpyaThb B IMaKET U3BATYIO MPOOY,
HaJlylTe MakKeT, MPOBEPUB €r0 Ha repMeTHYHOCTh). [locie 3amoiHeHus: Mmaker ¢
po0oil HEOOXOMMO 3aMasiTh Ui, TI0 KpailHEe Mepe, 3aBsi3aTh JBOMHBIM Y3JIOM.

Ecin nma mecre moxapa Haimensl octatku [JK B OyThuike, ee ciemyeT
3aKyMOPUTH YUCTON MOJUITUIICHOBOM UITH KOPKOBOM MPOOKOA.

Ecmu ocratku K Halinensr B Tape, KOTOPYIO TPYAHO 3aKynopuTth (OaHKa,
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OumoH, pa3burtas OyTBIIKA), CONEPKMMOE IMEPETUBAIOT B IETYH OYTBUIKY WIIH
NpOOUPKY M 3aKPBIBAIOT MPUTEPTOM CTEKJISIHHOM, KOPKOBOM, MOJIMATUIECHOBOU
pooxoii[10].

3aKynopka eMKOCTell OyMa)kHOM, KapTOHHOM, PE3WHOBOM MNpoOKaMu He
JonycTumal

Ecnu octatku 1)K HaiiieHbI Ha MOBEPXHOCTU NPEAMETA, KOTOPBIM HEIb3s
U3BATH C MECTA MOXkapa - JKUJKOCTh CJIEYET BIUTATh B YUCTYIO (PUIBTPOBAIBHYIO
OymMmary uiau Bary, KOTOPBIE CKJIAJbIBAIOTCSI B T€PMETUYHYIO CTEKISHHYIO OaHKY
WJIY TIOJIM3TUIICHOBBIN MAKET.

[TakeTsl ¢ W3BATBIME TIpoOamMu, OaHKH, OYTBUIKM W JPYTrU€ EMKOCTH
SABJISIFOTCS BEIIIECTBEHHBIMH JI0KA3aTEJIbCTBAMU U UX CIEAYET ONeYaTaTh, HIOBECUTh
OMpKYy U3 KapTOHA, HA KOTOPOW OTMEUYAIOT JaHHBIE O MECTE U JaTE U3BITHUS, CTABST
MOANUCH COTPYTHUKA, U3BSIBIIETO MPOOY U MOHSTHIX.

BemectBeHHble J0KA3aTENbCTBA ¢ BO3MOXKHBIMUA OCTaTKaMHU WHHUIMATOPOB
rOpeHusi CleIyeT Kak MOXXHO ObIlcTpee ImepeiaTh B JabOpaTOpUi0 Ha
UCCIIEJOBaHUE. A JI0 Iepeayu uX CIEIyeT XPAHUTh B XOJIOJUIbHUKE.

KoHTpoJibHBIE BOIIPOCHI:

1. Kak MOXHO KJ1acCCU(UIIMPOBATH OCHOBHBIE METO/IbI COBEPILIECHUS
nojkora?

2. HazoBuTe kBasln(pHKaIMOHHBIE IPU3HAKHU TIOJIKOTA.

3. Ha3oBuTe OCHOBHBIE IPU3HAKH MPUMEHEHHUS JIETKOBOCIUIAMEHSFOILIUXCS
XKUIKOCTEN B KAUE€CTBE MHUIIMATOPOB TOPEHHSL.

4. Kakue MeTofbl U CpeicTBa MPUMEHSIIOTCS ISl OOHAPYKEHUST OCTATKOB
JIBX u 'K na mecte noxapa?

5. HazoBuTe 0CHOBHBIE MPUHILIMIIBI OTOOPA U YIAKOBKHU MPOO C OCTaTKAMU
JIBXK u 'K ¢ mecTa noxapa.

6. Jly1s uero mpou3BOAUTCS OTOOP «HYJIEBOM MPOOBI»?
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IlepeyeHb NPUHATHIX COKPALLEHUH

HNHUIILJI — uccienoBaTesibCcKasi HCTIBITaTeIbHAS Ja00paTOpuUs
ITYD - npaBuil yCTpOKCTBA IEKTPOYCTAHOBOK
PTII - pyKOBOIUTEID TYLICHHUS TTOKAPOB

YIIK PK — yroioBHO-TIpolieCCyaIbHBINA KOJIEKC
IIIB — nmpaBuiia nMo)xapHoi 6€30MacHOCTH
CHull - ctpouTenbHble HOPMBI U MIPAaBUIIA

K3 - kopoTkoe 3ambIKaHne

K3 - nepBHYHOE KOPOTKOE 3aMbIKaHUE

BK3 - BTOpHYHOE KOPOTKOE 3aMbIKaHUE

ATA - nuddepenmanbHbIi TEPMUIESCKUI aHATN3
¥30 - yCcTpOMCTBO 3aIIUTHOTO OTKIIOUYEHUS
BIIC - Gomnblioe nepexoHoe CONPOTUBIICHUE
IIPA - myckoperynupyromnias anraparypa

TIAH - TpyOuaThIil 25IeKTpOHarpeBaTeIh

JIBK - 1erkOBOCILIAMEHSIOIIASCS KUJKOCTh
I'’K — roproyast KUJIKOCTb

PCA - peHTreHOCTPYKTYPHBIN aHaJu3

HNKC - undpakpacHasi CHEKTPOCKOMHS

BTX - BpeMs-TOKOBast XapaKTepUCTUKA

IIPA - myckoperynupyronias anraparypa
MD3B - MuUHMMaIbHAs SHEPTUS BOCILUIAMEHEHNUS
HII — nedrenpoayKThl

¥YB - yrineBogopozsl

®UJI - GoTOMOHUBAIMOHHBIN JETEKTOP
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