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MHorue 3 CIOpTHBHBIX €ANHOOOPCTB MOTYT IIPUMEHATHCS TOJIBKO B BECbMa OTPAHHUUYCHHBIX yCIIO-
BUSX. VIX MHCTPYKTOPBI OOBIYHO MOJATraloTCs Ha CIOXHBLIYIOCS NMPAKTHKY, B KOTOPOI MPOTHBHHUK COBEp-
IIEHHO MACCHBEH M TOJBKO MOATOMY IMO3BOJISICT YUEHHKY NMpoBecTH 3axBaT. Ho moboii oOydvatomuiics no-
JIOOHBIM 00pa30M HE MOKET OBITh YBEpPEH, UTO cyMmeeT 0e3 ymiepOa i ceOst BBINTH U3 CUTYAIllH, C KOTOPOH
OH CTOJIKHETCS B peabHOMN >KU3HH. K COKalIeHNIO, CIIMIIKOM MHOTHM JIFO/SIM TaKHue TPEHUPOBKHU AU JIHIIb
adeMepHOe TpeNCcTaBleHHe, YTO MOA00HBIe OOEBBIE MPUEMBI 0€30 BCAKOTO PHCKAa O00SCIIEYHBAIOT MPOCTO
BOJIIIEOHOE MTPEBOCXOACTBO HAJ| IPOTUBHUKOM.

JpyruM mpensTcTBHEM PEATMCTUYHOMY OTHOIIEHHIO K PYKOIIAITHOMY OO0 OKa3bIBacTCs... KHHO. B
HACTOAMIEH PYKOIAIIHON CXBAaTKE BBl HE HaiileTe HUYEro OOMIEro ¢ TEM, YTO ITOKA3hIBAIOT HA SKPaHe.

A Bproc Yummic, CunmsBectp Cramnone, Xappucon @opa u ApHonsa LlIBaprienerrep mums n3o00pa-
JKaroT MIPUAYMaHHbBIE CLIEHAPHCTAMH U peXruccepaMu noequHkd. OHM He CMOTIIH OBl BBIWTH M3 TAaKUX CXBa-
TOK XKHBBIMU M HEBPEAMMBIMHU, €CIIM ObI MX (MIBMBI XOTh B 4YEM-TO COOTBETCTBOBAIN IEHCTBUTEIBEHOCTH.
Yak Hoppuc, xexkn Yan u gpyrue repou OOIBIIOTO SKpaHa MOTYT H Ha Jiejie OBITh OONBIIMMHI MacTepaMu
0OEeBBIX HCKYCCTB, HO (DAKTUIECKU OHHU B JIN YIENeH Obl, ecu OBl Te 00EBBIE YCIOBHS, C KOTOPHIMU OHHU
CTaJIKUBAIOTCS B (pryTbMax, OBUTH PeabHOCTEIO.

B nHacrosmumii nepuos B CBS3M C HENMPOCTOM ONEpaTUBHOW M KPUMUHOTEHHOW cuTyauuen B Poccum
pPYKOTAIIHBIA OO, HapsAy C OTHEBOM IMOATOTOBKOH, CTAHOBHUTCS OJHHM W3 OCHOBHBIX BHJIOB MOITOTOBKH
COTPYTHHKOB BCEX NTPABOOXPAHUTEIBHBIX OPTaHU3AIMH, CIy KaIllne KOTOPBIX JTOJDKHBI IMETh BEICOKHH ypo-
BeHb 00eBO# BeIyukd. COTPYIHHUK TaKUX OPTaHOB 00sI3aH HE TOJBKO YMENO BIAJEeTh aBTOPYIKOH, OH 00s13aH
OTJIIMYHO CTPEJISiTh, OEraTh, B COBEPIICHCTBE 3HATH MPHEMBI PYKOMALIHOT0 §0s1. YacTo OT 3TOro 3aBHCHUT HE
TOJILKO BBIMTOJIHEHUE CIYKEOHOM 3a/1a4n, HO U ero *xu3Hb. [loHMMas 3T0, pyKOBOACTBO BEJOMCTB Oe3orac-
HOCTH Y TIPaBOMOPSAKA OTHOCUTCS K PyKOIAITHOMY 000 KakK K OJJHOMY M3 OCHOBHBIX Pa3zeioB MpogeccHo-
HaJIbHOM MOATOTOBKH COTPYIHUKOB.

Ha ocHOBaHNM IPOBEAEHHOTO MCCIIEIOBAHNS MOXKHO CIIEJIATh CIICIYIOLINE BHIBOIBI:

- OOJIBIIMHCTBO aBTOPOB PabOT CXOAATCS BO MHEHHHU 00 HCTOPHH PA3BUTHUS PyKOIAITHOTO 0O05T;

- BIIa/ICHHE HAaBBIKAMU PYKOIIAIIHOTO 0O0S aKTyaJIbHO KaK Il OOBIYHBIX TPaXKJaH, TaK U IS COTPYI-
HHUKOB CHJIOBBIX CTPYKTYD;

- CyTh PYKOIIAIITHOTO 0O COCTOUT B TOM, YTOOBI OCBOUTH CTIOCOOBI YOMBATH HITH KaJICUHTh TOJIBIMU PyKaMH.
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JIMKBUJALIUS OYAT'OB CAMOBO3I'OPAHUS HA TIOPOIHBIX OTBAJIAX
A.H. 3vipsinos, cmydenm epynnet 3-17111
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OmHOlt U3 cepbe3HEeUmHX MpodiaeM yriieHoObIBArONMIEH MPOMBIIIIICHHOCTH, TOPMO3SIICH €€ aib-
Helllee pa3BUTHE, SABIISETCS HAJMYME OIPOMHOTO KOJIMYECTBA OTXOJOB, HAHOCSIIMX OONBIION yiiepd OK-
pyXaronieil NpupoaHOil cpere. 3arpsa3HeHUs BO3LyXa, BOJbI, HF3MCHEHHE COCTaBa IMMOYBEHHOTO CJIOS IPUBO-
ISIT K Jerpaganuu GJopsl U GayHbl, HaXOSIIEHCS B 30HE BIMSAHUA yrIeNOObIBAIOIINX IPEATIPUSATHIH, YIPo-
JKaeT 3JJ0POBBIO M )KU3HU JIIoJiel. Peskoe yBenmmyeHre KOIn4ecTBa OMacHbIX H BPEAHBIX (PaKTOPOB MPOUCXO-
JUT TIPU TOSBICHUH MOXKapOB Ha TOPHOJOOBIBAIONIMX NPENNPUATUSAX. BO3HUKAIOIINE TOKApBl 3aMEUISIOT
TEMII YIJIeZ00BIYH, CHIKAIOT Ka4eCTBO JOOBIBAEMOr0 TOILIMBA, TPEOYIOT SKOHOMHYECKHX 3aTPAT Ha JIMKBH-
JALHI0 04aroB, HAHOCAT yIIepO OKpY’Karowleil cpelie, MOTYT BBI3BaTh B3PBIBBI FOPIOYETO Ta3a ¥ nbutH [1].

3HAYHTENIBHYIO ONACHOCTh NPEICTABILIIOT U I0XKAphl, BO3HUKAMOIINE Ha MOPOIHBIX OTBANAX Pa3pes3os,
IIaXT, YIIIeOOOTaTUTENBHBIX (adpuK. YriiecolepiKarye MOpOabl CIIOCOOHBI OKHCIATHCS KHCIOPOIOM BO3IyXa,
YTO MOXXET BBI3BATh Pa3BUTHE CaMOBO3IOPaHHs MOPOAbL. [opsiiye H pa3orpeTsie yriiecouepKaye Mopoapsl BbI-
JEJISIFOT Ta3bl, CIIOCOOCTBYIOIIHE PA3BUTHIO MAPHUKOBOTO 3((eKTa, BHI3BIBAIOIIIE KUCIOTHBIC IOXKIH U T.II. Bo3-
HHKAIOIME Ha pa3pes3ax M Ha OTBaJIaX MOXKaphl MPEICTABIISIOT CEPHE3HYIO YIPO3Y 3I0POBBIO M YKU3HH JIFOEH H3-
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3a 00pa30BaHus OOJBIIOTO KOJMYECTBA TOKCHYHBIX Ia30B, OMACHOCTH MPOBAJIOB B BHITOPAIOIIHE MOJIOCTH, BO3-
MO>KHOCTH B3pBIBa B CITyJae MOMaIaHus BOIBI B BEICOKOTEMITEpaTypHbIe 00macTu [2].

OnacHBIMH r'a3aMH, BBIAEISEMBIMU TOPSIIIMMH YIITIECOACP)KAINMH MOPOJAMH, SIBISIOTCS OKCHA yT-
JIepoJia, CEpHBIA aHTHIPUA, CEPOBOIOPOA U 1Ip. IIpoBeaeHHbIe nccIe10BaHNS MTOKA3aIHM, YTO C TOBEPXHOCTH
TOPSIIIMX TTOPOJHBIX OTBAJIOB BEIHOCUTCS PAIMOAKTUBHBIN ra3 pajioH B KoJM4ecTBax, npessimaromux [1J1K.
Bokpyr o4aroB ropeHusi pe3ko CHMXAETCS BIAXHOCTh TOPHBIX MOPOJI, BO3ZHUKAIOT KOHBEKTHBHBIE TIOTOKH
BO3IyXa, YTO CIOCOOCTBYET YBEIMYECHHIO BRIHOCA MBUTH B aTMochepy. OOpa3yromuecss TOKCHIHBIE Ta3bl 1
MIBUTB PAcTIPOCTPAHSIOTCS HA OOJBIINE PACCTOSHUS OT TOPHBIX OTBOAOB MPEAIIPUATHIH, HEPEIKO HPEBHIIIAs
MIPEAEIBHO JAOMyCTUMbIE KOHIICHTPAIIMY B 30HAX PA0OTHI M IIPOXKUBAHUS JIIOACH.

VYunteIBas pe3ysbTaThl aHaIHN3a MPHUMEHSIEMbIX CIIOCOO0B TYIICHHS IIOPOIAHBIX OTBAJIOB, JUIS IMKBHIALINI
0YaroB CaMOBO3IOPaHMS Ha TIOPOJHBIX OTBAIAX HauOOJee MPOLYKTHBHBIM SBIISIETCS KOMOMHHPOBAHHBIA CIIOCOO
TymreHns1. Peanmm3anus crioco0a TYIIeHHs 09aroB CaMOBO3TOpaHNUS pa30OnBaeTCsl Ha HECKOJIBKO 3TarmoB [3].

Ha mepBoM 3Tame HE0OXOIMMO NMPOBECTH IIAHUPOBKY IOBEPXHOCTH OTBaia. BrlpaBHMBaHHWE MO-
BEPXHOCTH TTO3BOJIUT CYIIECTBEHHO CHU3UThH IPUTOK KUCIOPOJa K XUMHYECKH aKTHBHBIM T'OPHBIM MaccaM B
CKOTUICHHSIX, NMEIONINX KOHYCHYIO (opMy. PexoMeHyeTcs Takke HepeKphITh TOCTYI BO3yXa B OTBAJIb-
HBII MAacCHB ITOPOJ CO CTOPOHBI OTKOCOB. [[JIsl 3TOro, Mpekae BCETO B HIKHEH YacTH OTKOCOB SIPYCOB OTBa-
Ja, TI€ COCPENOTOUEHBI Hanboee KPYITHbIE KyCKH BCKPBIIIHBIX IOPOJ, @ TAK)KE HAa yJacTKaX OTKOCOB OTBa-
JIOB, TJIe BO3MOXKHO C ONIEPEKEHHEM MPOBECTH PAaOOThI IO MX BBITOIAXKMBAHHIO B COOTBETCTBUH C MPOEKT-
HBIMH PEIICHHUSAMH 110 PEKyJIbTHBAIIMM HApYLIEHHBIX 3€Melb, HY’)KHO c(hOPMHPOBATh HAKJIOHHBIC CIIOM W3
MHEPTHOTO TJIMHUCTOTO MaTepHuaia. B pesynbrare IUIaHMPOBKM IUIOMIAOK OTBAJIOB M (hOPMHUPOBAHUS 3a-
IIATHOTO CJIOSI U3 MHEPTHBIX MAaTEPHAJIOB MOSBUTCS BO3MOKHOCTB IIPEIOTBPATHTH MPOLIECC CAMOBO3TOPAHUS
B €Ill¢ HE HAarpeThIX CKOIUICHHWSAX W CHU3UTH BBHIJEJICHHWE TEIUIa B MMEIONIMXCS Odyarax CaMOBO3TOpPaHMS.
Kpome Toro, B nporiecce nepeMeIneHns FopHbIX Macc MMPOUCXOANT CHIDKCHHE TEMIIEpaTypbl 04aroB 3a CUeT
WHTCHCU(UKAINH TeTIO00MEHa ¢ OKpY Karomiei cpeIoi.

[TnannpoBKa MOBEPXHOCTH OTBAJIA MTO3BOJIUT TAKKe OOJIEIYUTH PAOOTHI IO TOCTaBKE HEOOXOANMOTO
000pyOBaHUS ¥ MAaTEPHAJIOB AJIsl TYILICHNSI O4aroB caMOBO3ropaHus. s INTaHUPOBKH IIOBEPXHOCTH OTBa-
J1a He0OXOIMMO HCIIOIb30BaTh 2 Oynbao3epa. JINKBUAAIMS KOHYCHBIX OTBAJIOB OOJIBIION BBICOTHI U BBIPAB-
HUBAaHHUE MTOBEPXHOCTH M HAHECEHHUE CJIOSI MHEPTHBIX INIMHMCTHIX IOPOJ Y HIKHEH OpOBKHM OTKOCa OTBaja
MIPOU3BOIUTCS C MCIIOJIb30BaHUEM dKckaBaTopoB. [Ipu TemmepaType ropHoi Macchl, mpeBbimaromeii 80 °C,
IepeMeIaeMble TOPHBIE MacChl IPEIBAPUTENBHO OXJIAKAAIOT CTpyei BoasI [3].

Ha BTOpOM 3Tamne mpou3BoANTCS OXJIaKAECHHE Pa3orPeThIX TOPHBIX Macc BOJOI M pacTBOPOM aHTH-
nuporeHa. [Ipyu 3ToM B 3aBHCHMOCTH OT MECTa PacIioiOXEHHs TEMIIEPAaTypPHONH aHOMAJIMHU HCIIONb3YIOT pas-
JMYHbIE CTIOCOOBI OXJaXkAeHuA. B 4acTHOCTH 1enecooOpa3HO BBIAECINTH OYaru, IMpuiIeraroimue Kk oopram
OTBAJIOB, M PACIIOJIOKCHHBIE HA BHYTPEHHEH IIOBEPXHOCTH OTBAJIOB.

JIist JTydImero oxmakIeHUs M CHIDKEHUS] XUMUIECKOH aKTHBHOCTH Pa30TPETHIX CKOIICHHH y OOpPTOB
OTBAJIOB TPEIyCMaTPHUBACTCS:

- B IIPOTPETHIX 30HaX, MPWJIETAIOIINX K OOPTaM MOPOJAHBIX OTBAJIOB, (POPMUPYIOT KaHABHI ITyOMHOHN H
mmpuHoi 0,5+1,5 M Ha paccTosHIH 2+3 M OT BepXHEH OPOBKH OTKOCA OTBaNa. AHAJOTHYHBIE KaHAaBBI 00pa-
3YIOT 1O BCEW IMOBEPXHOCTHU MPOTPETOI 30HBI Yepe3 2+5 M, a TakkKe M0 MEePUMETPy TeMIIepaTypHOi aHOMa-
JIMY C BHYTPEHHEH 4acTH OTBaJIa;

- OCYILECTBIISIOT MOAavy JKHIKOTO PacTBOPa aHTUIMPOTEHA B 3TH KaHaBbl. KaHaBa 3anonHseTcs pac-
TBOPOM aHTHITUPOT€HA NEPUOANICCKN WM YPOBEHb JKUAKOCTH IOCTOSHHO coxpaHsercs. PactBop aHTunm-
poreHa IMojaercst B KaHaBbl NEPHOANIECKH 110 TPyOOIPOBOAY MM TTOABO3MUTCS TpaHCTIOPTOM. JliIst CHMXe-
HUs Temiepatypsl g0 70 C° motpeGyercs yaelnbHBIH pacxoi aHTHIuporeHa okomo 100 i/m’. CormacHo
MMEIOIEMYCS OIBITY JUISl OXJIAXICHHS TIOPOJI Ha TIyOHHY 3 M pacxoj cocTaiser okoso 300 n/m°. B kaue-
CTBE aHTUIMPOT€HOB MOXHO MCIOJIB30BaTh: 5-15 %-HbIi BoxHBII pacTBOp Xxmnopucroro kausius u 0,5-1 %-
HOT'O JKHJIKOTO CTeKIa. TemrepaTypy MOpoj B OXJIaXIaeMOH 30HE MEPUOUIECCKN H3MEPSIOT.

OxJax1eHne OCYIIECTBIISETCS 1O CHIDKCHUS TeMIlepaTypsl mopoJ A0 ¢poHoBoro yposHs. [Ipu 60ib-
IIOH IUIOIAIM TTOBEPXHOCTH MPOTPETOil 30HBI paboTy 1Mo (OPMHUPOBAHMIO KaHAB M ITOJade >KUIKOTO pac-
TBOpa aHTUIIMPOTEHA MOXXHO Pa30MTh Ha HECKOJIBKO 3TAIlOB.

Tymenne oyaroB caMoBO3rOpaHHs, PACIIOJIIOKEHHBIX HAa BHYTPEHHEH ITOBEPXHOCTH OTBAJIOB, HE MIPHU-
Jeraroniel K ero 0opTam, MOXKHO OCYIIECTBIISATH CIEAYIOIIMMH CIIOCOOaMHu.

1. OpomeHneM XUAKAM pacTBOPOM aHTHUIIMPOTEHA BCEH MOBEPXHOCTH MPOrpeToil 30HbI. OporieHue
MOBTOPSIETCST Yepe3 Kaxaple 1+5 CyTOK A0 CHM)KEHHS TEMIIEpaTypbl MPOrpeThix nopon. IlpenmymiectBom
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TaKOHU T0/1a4H SIBIISIETCS] BO3MOXKHOCTh PETYIHNPOBATH KOJIMIECTBO IT01aBAEMOTO PacTBOPA B 3aBUCHMOCTH OT

TEMIIEpaTypbl HOPOI.

2. CoznaHue 1o KOHTYpY TEIJIOBOWH aHOMAJIMM BaJjla W3 MHEPTHBIX INIMHHUCTBIX ITOPOJ U 3arlOJHEHUE
OTOPOKEHHOI TMOBEPXHOCTH PAcTBOPOM aHTUIHporeHa. CIIoH )KUIKOCTH MOAICp)KUBAETCs Ha ypoBHE 3+15
cm. [lepunoandeckn 3amepsieTcs TemmnepaTtypa nopoa. Ilomada pacTBopa mpekpamaercs mocie HopMain3a-
IIUH TEMIEPATy Pl TOPOI.

3. ®opmupoBanue kaHaB pazmepoM 0,5x1,5 M gepe3 kaxaple 2+5 M ¢ 3aIOJTHEHHEM UX PACTBOPOM aHTH-
nporeHa. PacTBop mozaercst B KaHaBbI IEPHOANIECKU MITH TIOCTOSTHHO JI0 HOPMAJT3ALMHN TEMIIEPATyPhI ITOPO.

4. DKCIepTHI CYUTAIOT TAKXKE LIEIeco00pa3HbIM MPOBeAeHNE padoT 10 mojade B MPHOTKOCHBIA Mac-
CHUB U B TEJIO OTBaJia B PaiiOHE 0YaroB IT0’KapoB pacCTBOPA TITMHUCTON MYJIbIEI B cooTHOmeHu: T:0K = 1:4.

5. dnsa cbopa OpeHupyromeil BoAsl BIOJh MOIOIIBEI OTBAla YCTPaMBAaeTCs BOMOCOOPHAS KaHaBa.
[upuna kaHaBe! o OHY | M, 3a10keHne 0TKOCOB 1:1, MakcuManbHas riryouna 1 M. [To npenaxHO KaHaBe
BOJIa cOpAchIBACTCS B OTCTOMHHMK Mk 3yMid 1 ocBeTIeHns. EMKOCTh oTCTOlHHKa rmopsmka 2000 M°, pas-
Mepbl oTcTOWHUKA M0 Bepxy 40x20 M, riryduHa 2,5 M. 3aTeM OCBETIICHHAS M OXJIaXICHHAs BOJIa HACOCAMHU
MoJ[aeTCs Ul IPUTOTOBJICHHUS aHTHITUPOTeHA M HA OXJIakAeHHe oTBaa. Kpurepnem s dexTnBHOCTH TyIIIe-
HUS SIBIIETCS Temreparypa nopox Hike 80 °C Ha rimy6une 2,5 M u 45 °C B IPUITOBEPXHOCTHOM CIIOE.

Ha tpersem 3Tane ocymecTsisiioT ()OpMUPOBAHKE CIIOSI HHEPTHOTO MaTepHaia HaJl HOBEPXHOCTBIO OTBa-
J1a, B TOM YHCJIE HaJ 30HAMH paHee MPOTPETHIX 30H. B cilydae MCTONp30BaHMS TIIMHBI JOCTATOYHOM TOMIIMHON
M30JIMPYIOIIETO CIOS SBISIETCS OKoslo 1+3 M minHbL B citydae Mcnonb30BaHusI HHEPTHBIX TOPHBIX MOPOJ 0OIb-
el IPOHMITAEMOCTBIO TpeOyeTcs cIoil MOITHOCTRIO 3+5 M. Ilociie OTCHITKM MHEPTHOTO Marephaia IOBepX-
HOCTb Pa3paBHUBAIOT 1 TIOPOIbI YIUIOTHSIOT C IIOMOIIBIO KATKOB MJIH TSDKEJION TEXHHUKH [5].
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