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XapbKoecKuu uHcmumym nooKapnou oe3onacHocmu

nEPcnEKTHBLI H C II0 J IB 3 0 B A H H 5 I  CHCTEM 
A 3 ? < ? 3 0 j I B H 0 r 0  n O '/ K A P O T Y m E H H f l  H a  B O ^ H O M  T P A H C I I O P T E

g ^ jib iu o e  3HaqeHHe ana skohomhkh yK paH n bl h m c jo t MopcKHe h penHbie ne- 

peBC2Ki<’ T 'K‘ r P y3°o 6 o p o T  BOAHoro TpaHcnopTa ^ eaHHOH TpaHcnopTHOH cHCTeMe 

COCTl:3Jt^eT I1 % ’ 3 80 BHeiilHeTOprOBbIX CBH3HX - 43% . OflHaKO noTepH cyaoB  OT 

B3pbi30# H no'A'aP°B yBejiHHHBaioTCH, hto npnBOflHT K yTpaTe MaTepHajibHbix ueH- 

HOCTcfi, rH6ejiH  h TpaBMnpoBaHHio jnoae fi, BpeaHbiM B03aeHCTBH3M Ha 6noc<})epy. 

rioyKi.p^aa onacHocTb Ha cya ax  B03pocna BcaeacTBHe pa3BHTHH nepeB030K pa3- 

jiHHHbix xhm hhcckhx BemecTB, cbipoH HetJ)TH, a TaioKe HacbimeHHOcra mhotohhc- 

neHHbiM ooopy^osaHHe.M. KOTopoe pa6oTaeT  Ha jkhukom TonnHBe h M aae npn 

BbicoKH!  ̂ JiaBjieHHHx h TeM nepaTypax. H ecM o rp ^  na noBceMecTHoe npHMeHeHHe 

T p e o y e # 1*  HOP Ma'™BHbiMn aoKyM effraM H no»capHo-npo<i>HJiaKTHHecKHX Mepo- 

npHXTHi*’ n05KaPM npOflOJEKaiOT OCTaBaTbCa OCHQBHblMH npHHHHaMH KaTaCTpO(J) 

CyaOB. CJIO)KHbIX 3JieKTpOMeXaHH3MOB, 6oJIbIHaa npOTHyKeHHOCTb 3JieK-

TpO KO M ^HHKaiIHa’ BHeZtpeHHe aBTOMaTH3aUHH BCJieflCTBHe 3TOrO, IIOHBJieHHe 

ManiKHil^ o^acjreHHH 6e3 fioctohuhoh Baxxbi H e TOJibKO o6ycnoBJiHBaioT 6onb- 

rnoe KO)IHHecTBO no>KapoonacHbix ynacncoB, h q  h  co3aa ioT  aonojiHHTeabHbie 

Tpy^h'OC^11 B 6opb6e C B03HHKUIHMH nO>KapaMH.

^pecTHO, hto ecjm no)Kap He JioKarnooBaH b TeneHHe 15-20 MHHyr, ero 

Hejibsa [(OTyuiHXb cmiaMH h cpeacreaMH, HMeK>mtiMHCH Ha 6opTy cyaHa. riporHo- 

swpoBaH116 bo3mo*ho0 06cTaH0BKH noacapa b p^ jih h h b ix  cyflOBbix noMemeHHHX 

(rpV3OB0M TPfOMe’ MexaHHHeCKOH MaCTepCKOH, MaiUHHHO-KOTeJIbHOM OTaeJieHHH) 

noKa3bi»3eT’ 11X0 ^epe3 3-5 MHHyr nocjie B03jjHKH0BeHHa no>Kap m o k̂ct npH-

HHTb 3Hj‘!HTe_TItHbIe pa3MepbI. I lp H  3TOM B nOMeij^eHHHX C03HaK)TCH yCJIOBHH, HC-



Kjno-;aiomne B03M0acH0cn> H0pMa.iE.H0H pa6oTbi noacapHbix nojipa3flejieHHH 

(TeMrepaTypa aocTHraeT 300-700°C. Bbicoicaa crreneHb 3a,nbiMJieHHa).

fl03T0M y Hapaay c npotJjmiaicTHHecKHMH MeponpHHTHHMH Ba>KHyio po jib  

HrpaiOT MeponpHHTHH no aKTHBHOH noacapHOH 3auiHTe. B cbsoh c 3thm ycnjiHBa- 

K3TCJI TpeSOBaHHH K pa3pa60TKe HOBbIX MeTOHOB TyiUeHHH nO>KapOB, KOTOpbie Ha- 

npaE.;eHbi Ha ycKopeHHe aocraBKH orH eTyu iam ero BemecTBa b o n a r  ropeHHa. Jl-isi 

perne il ia  s to h  3 a s a ™  HeoSxoflHMO noaoSpaTb  3<J)<J)eKTHBHbiH TymaiuHH areHT h 

CHCTr:,iy noaaHH. IlpHMeHeHHe chctcm  aBTOMaTHHecKoro notfcapoTym em ia cno- 

c o 6 c t3 v k )t  TOMy, h to  G ojibu ihhctbo no'A'apoB yaaeTCH 6 b ic rp o  B3aTb n o r  koh- 

rp o ji i  h, cjieflOBaTejibHO, yMeHbuiHTb MaTepHajibHbiH y iu ep6  h ripeaoTBparaTb y r- 

po3y xna >kh3hh JTfOiieH.OnpejejiHiomHMH ipeooBaHHHMH ;uia Bbi6opa orHeryuiaiuHX 

C0CTK30B hbjih iotch: BbicoKaa 3(f)(])eKTHBHOcTb TyuieHHa, bo3mo>khoctb ueneHa- 

iipaE.ieHHOH nojiaHH cocTaBa b on a r noacapa, KOMnaKTHOCTb npw xpaHeHHH.

B H acToam ee Bpewa Ha cyjiax HcnoJib3yK>Tca pa3H006pa3Hbie CHCTe.Ubi Ty- 

iiieHi.q no>KapoB, TaKHe KaK: CHCTeMbi B ojiaH oro TyuieHHa, neHHoro, nopouiKOBO- 

10, a TaK^ce cHCTeMbi o6beMHoro ra30B0ro noxapoTy iu eH H a -  ynieKHaiOTHbie h 

XJia^OHOBbie. OTHOCHTeJIbHO HH3Kaa 3<})<f>eKTHBHOCTb HCn0JIb30BaHHH BOflbl H H e -  

n03M0)KH0CTb ee npHMeHeHHa jvxa TyuieHHa Bcex KJiaccoB no>Kapa, oTCyTCTBHe 

oreHecTBeHHoro neH006pa30BaTe:ia, n pu roziH oro  ju ia nojiyneHHa B03flyuiH0- 

McxaaHHecKOH neHbi H3 MopcKoa BOffbi, He06x 0flHM0CTb HajiHHHa 6oJibiuoro 3a- 

n;ica neH006pa30BaTe;ia, 6oJibinoe kojihhcctbo ra30Bbix 6ajui0H0B npH Hcn0itb30- 

iimuhh yrjieK u cjioTH oro  noKapoTym eH H a 06y c ji0BJiHBai0T 6on ee  uinpoKoe pac- 

11pocxpaHeHHe b H acroam ee BpeMa TaKHX orneryrnam ux cpeztcTB.Kaic orHeTyma- 

miie lopouiKH h xjiaflOHbi (jieTynne ra jio reH yrjieB oa op o flb i). B biconaa orHeTyiua- 

11(MH 3(J)(|)eKTHBHOCTb HX OOyCJIOBJieHa XeM, HTO OHH aBJiaiOTCa HHra6HT0paMH ro- 

|ICUM3. OflHaKO ZtaHHbie O B03fleHCTBHH XJiaaOHOB Ha 030H0BMH CJIOH 3eMJIH H3Me- 

miijih OTHOixieHHe k  npooJieMe ncn0Jib30BaHHa xnaziOHOB, h hx npHMeHenne juia 

iii iick n oxapoTy iiieH H a  pe3KO orpaHHHeHO.

BceM nepeHHCJieHHbiM asTOMaxHieeKHM CHCTeMaM no>KapoTyuieHHa npncym



pflfl -eflOCTaTKOB, T3KHX KaK OTKJXfOHeHHe BO BpeMH aBapufl yCTaHOBOK, paun III 

KOTCpbix 3aBHCHT o t cmioBbix arperaTOB cyflHa; BbiHyac^eHHoe oncjnoneHHc ii.i 

Bpewji peMOHTa cyflHa; flocTaTOHHO 6o.na.moH npouemr OTKa3a; HeoSxoflHMQci i. 

HajiK^HH b CHCTewe H36biTOHHoro aaBJieHHa; bo3mo)khoctl jiojkhoto cpaSaTbina 

HH5I. 3  CBH3H C 3THM OCTpO BCTaJI BOnpOC nOflSopa KaK CaMHX aJIbTepHaTHBHI.IX 

orHerymauiHX cpeflcrB, KOTOpbie, He ycrynas no orHeTytuameH 3<J>4>eKTHBHOCTH. 

6b\m: obi sKonorH^ecKH 6e3onacHbiMH, TaK h cnoco6a hx noflann b 30Hy ropemiH. 

He 3£-.3HCHinero o t 3HepreTHHecKoro o6ecneHeHHH cyflHa w BpeivieHH o6Hapy'/KeHH>i 

3aropaHHH.

B n ooenH ee BpeMH rnnpoKO peKJiaMHpyioTCfl a3po3ojibo6pa3yiom He orHe- 

TymamHe cocTaBbi (A O C ) [1], npw cropaHHH K0T0pbix b 3auiHiiiaeMbiH oGteM re- 

HepHpyeTca c.Mecb HHepTHbix ra30B (a30T, yrneKHCJibiH ra3 , napbi BOflbi) h BbicoKo- 

aHcnepcHbix TBepabix nacTHU co jien  h  okhcjiob m ejioH H b ix  hjih menoquo- 

3eMe~bHbix MeTajxnoB, KOTopbie o6 jiaa a ioT  beico khm  HHrnonpyroiHHM fleiicTBHeM 

Ha npouecc ropeHHfl opraHHHecKHX BemecTB. KoHfleHCHpoBaHHaa $a3a aBHHeTca 

o ch o b h m m  orHeTvuiam uM  areHTOM, a ra3bi BbinonHflioT pojib  cpeflCTBa flOCTaBKH h 

pacnpeaejieHHH TBepflbix qacTHU b 3amHiuaeMOM o6i>eMe. r i o  MexaHH3My fleficTBHa 

A O C  aHajiorHHHbi orHeTyuiamHM nopouncaM, 0flHaK0 oSjiaaaioT ropa3flo 6ojiee 

BbicosoH orHeTymameii cn0C06H0CTbi0 (b 5-8 pa3 Bbiuue), ~raK KaK c yMeHbiueHHeM 

pa3Mepa noaaBaeMbix b imaMa nacTHii a^cjpeKTHBHOCTb Tymamero fleHCTBHfl pac- 

TeT HaMHoro 6bicTpee, neM cyMMapHaa hx noBepxHOCTb, 3a  cner yBeraHeHHa flora  

roMoreHHoro HHrH6HpoBaHHa aKTHBHbix ueHTpoB iuiaMeHH. BbicoKaa flncnepc- 

HocTb o6pa3yiomeroca a3p030Jia cnoco6cTByeT pe3KOMy yBejthhchhio BpeMeHH 

npe6biBaHHH Harom b iuiaMeHH. BpeMH HCH3HH a3p030Jia McmeT cocraBJiHTb flo 50 

MHHVT. TaKHM 06pa30M, a3p030JIb, HaXOflffCb BO B3Beme«HOM COCTOHHHH, cnoco- 

6eH noflflepacHBaTb orHeryuiamyio KOHueHTpamno bo Bcejv* 3 amnmaeMOM o6*e\ie 

fljiHTejibHoe Bpe.MH. 3HaHHTejibHbi0 BKnafl b noBbimeHHe HHrH6HpyK>meH cnoco6- 

h o c t ii  a3p030JieH b h o ch t TaK>Ke 3(j)(|)eKT "cBeaceH" noBepx h o c t h  nacTHU, T.e. aK- 

THBHOH IIOBepXHOCTH, VHaCTBVKDLLieH B npOUeCCe peKOM 6HHaiIHH paflHKaJIOB IUia-



hi mi iuk KaK 0 C0 6 eHH0 CTfaK> aa H H o ro  orH eTym am ero  c p e jc rB a  HBJiaeTca e ro  no -  

1 , ’ic .hc HenocpeacTBeHHO b  m om cht lym eH H a noacapa h noaTOM y OTcyTCTBHe 

i in in i i BCHHOH orHeTyuiauiHM  nopou iK aM  onacHOOTH cjieacHBaeM oc™  h KOMKOBa- 

IIIIM,

MOXCHO OTMeTHTb IXtSlblM pHfl flOCTOHHCTB AOC:

• 0  jyTCTBHe SKOJIOTHHeCKOH H TOKCHHeCKOH BpeflHOCTH (OOiiaflaiOT HyjieBbIM 

o . )H opa3pyuiaiom H M  noTeH unajioM , a  abiM, nojiynaeM biH  n p n  TepMHnecKOM  

pa 3Jio5KeHHH AOC, HMeeT 6e3onacHbiH  ypoBeHb to k c h h h o c th ),

• OT'yTCTBHe H eo6xojH M oCTH  b co c y a a x  n o a  aaBJieHHeM h chctcm  Tpy00np0B 0- 

ac3 , h to  n03B0iiHeT MaKCHMajibHo npH6mi3HTb cpeflCTBO TymeHHH k o n ary  n o -  

3KSpa, CHHJKaa HHepHHOHHOCTb yCTaHOBKH;

• HaxoacieHHe AOC b KOMnaKTHbix ycTpoHcnrBax n o 3 BOJiaer hx ncnc>Jib30BaTb 

RT'.z TymeHHH b TpyjjH onocTvnH bix Mecrax,

• JierKOCTb HHHUHHpOBaHHH H B03MC»KH0CTb npHMeHeHHH B aBTOHOMHOM pejKHMe 

c :!cn0Jib30BaHHe.w TepMOXHMHHecKoro 3anycKa aeaaeT  ycTaHOBKy He33BHCH- 

Mofi o t  cHJioBoro a rperaTa  cyaHa,

• Haje>KHOCTb H nOCTOHHHaa rOTOBHOCTb K pa6oTe B 2CeCTKHX KUHMaTHHeCKHX 

yc.iOBHHX (AOC He qyBCTBHTejibHbi k yaapy, TpeHHio, Te.vinepaTypa caMOBOc- 

n^a.MeHeHiw Bbiine 550°C, p a 6 o q H e  TeM nepaxypbi o t  -60°C n o  +60°C),

•  aojroBeHH OCTb h  npocTOTa 3KcruiyaTaiiHH.

H a p a a y  c aocroHHcTBaM H A O C  o6 jian a ioT  h H eflocrancaM H , HaH6ojiee cy- 

m ec r 3 eHHbiM H3 KOTOpbix HBJiaeTCH t o ,  h to  AOC, KaK npoayKTM  cropaHHa, HMe- 

tot BtiCOKyK) TeMncparypy h hx nenyqeHHe corrpoBOTKflaercH HHTeHCHBHbiM <bop- 

com n^aMeHH. HajtHMHe 4>opca njiaMeHH He n03B0Jiaex Hcn0Jib30BaTb AOC b no- 

MemeHHax KaTeropHH A  H E n o  noH<apoB3 pbiBoonacHOCTH. H arpeTb iB  asposojib  

BcnjiHBaeT n o a  noTonoK  H TojibKo n o  Mepe ocrrbiBaHHH pacnpocTpaH aeTca no  Bce- 

My ooi>eMy 3am HiuaeM oro n o M em eH M . ITponecc ecTecTBeHHoro oxjiaacaeHHa hb- 

jxaeTca aoBonbH o MeaneHHbiM, h n p n  h3jihhhh HenjioTHocTeft b orpajKaaiom H x



koh c "pyKUHflx yTenKH A O C  M oryT  craTb CTOJib cymecTBeHHbiMH, h to  on u n vn iii 

m aa rpeaa He 6y.neT co3,aaBaTbca ( 0 C0 6 eHH0  b BbicoKHX noM em eHHax). K  TOMy /hr 

HHFHSHpyioiUHe orH eTyu iaajH e cpe^cTBa HanGonee 3(|>4)eKTHBHbi npn Tyuicnim 

njiaM -H H oro ropeHHa, n03T0M y TyiueHne TJieromHx noacapoB c ncn0Jib30BaHiicM 

A O C  secbM a npoSjieM aranHO. 3 t h  HenocTaTKH orpaHHHHBaioT oS jiacTb npHMCiif 

HHH .'.OC.

O ch o b o h  a3p030JibHbix chctcm  noyKapoTVLueHHH HBJiaioTca reHepaTopbi 01 

H eTyiaam ero  a3p030Jia ( r O A ).  KoHCTpyKTHBHO oh h  c o c to h t  H3 Kopnyca reHep;i 

T opa . a3 p o3on eoopa3y iou iero  cocTaBa, y3Jia 3anycKa (HHHUnaTopa). B noc.ienHa- 

B p e v :  pa3pa6oTaH h HcnbiTaH paa reHepaTopoB c npHMeHeHHeM oxnaacaaiom HX  

npHcnocoSiieHHH, KOTopbie o6ecneHHBaioT JiHKBHnauHio (})opca m aM eHH h n03B0- 

jia ioT  nonyHHTb Ha Bbixoae c rp y io  a 3p 030Jia c TeM nepaTypofi He Bbime 120°C [2J. 

Oxjia-yKfleHHbiH A O C  n oc jie  06pa30BaHHa paBHOMepHo pacnpeae-iaeTca no 3amn- 

m ae.voM y noMemeHHio. AspoflHHaMHHecKHe xapaKTepucTHKH noJiyHaeMoii crpyH  

asposojia o6ecneHHBaioT S b ic rpoe  3anojiHeHHe Bcero o6r>eMa noMemeHHa. b k o to -  

poM  npoHCxozmT TymeHHe. T a x ,  HanpHMep, Bpewa noimoro nepeweuiHBaHHa nna 

BbipaaHHBaHHa KOHiieHTpauHH xnaflOHa 13B1 n o  noMemeHHio o 6 icm om  5000m5 

Tpe6yeTca o k o jio  30 MHHyT, a BpeMa 3anojmeHHa 3amHmaeMoro noMeuieHHa Toro 

* e  oobeM a a3p030JieM - 2 MHHyrbi. Ecjih , b cpeflHeM, jjjm chctcm  no)icapoTyuieHHa 

yrneKHCJioTofi o6ieM, 3amHmaeMbiH o o th m  coohom , paBeH 180 m3, a jjjia xjiaaoH a 

114B2 - 65 m3, t o  3amHinaeMbiH o6i>eM h CKopocrb HCTeneHHa asp oso jia  m o k c t  pe- 

ryjiiipoBaTbca KaK MaccoH eziHHHHHoro reHepaTopa, TaK h ero KOHCTpyKTHBHbiMH 

0C06eHH0CTaMH.

n o  cnocooy 3anycica aBTOMaTHHecKHe ycraHOBKH asp oso jib H oro  noscapo- 

TymeHHa (Y A l l )  jenaTca Ha ycraHOBKH c sjieicrpHHecKHM h TepMoxHMHHecKHM 3a- 

nycKOM. Y A I I  c 3JieKTpnnecKHM 3anycKOM o6jiaaaioT Majiofi HHepuHOHHOCTbio, 

BblCCKOH Haae5KHOCTbK> H UIHpOKHMH (JiyHKHHOHaJIbHblMH B03M0)KH0CTaMH, HCBbl- 

COKOH BepOaTHOCTbK) JIOyKHbIX Cpa6aTbIBaHHH, OflHaKO BblCOKOH CJIOyKHOCTbfO 

KOHCTpyKUHH. Y A n  C TepMOXHMHHeCKHM 3anyCKOM HCnOJIb3yiOTCa TOJIbKO B aB-
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11mu miimx CHCTeMax h oTJMHaioTCfl npocTOTOH KOHcrpyKUHH h MOHTa)Ka, Manoii 

If |II ’ I IIOCTblO JIOHCHbIX Cpa6aTbIBaHHH, OJIHaKO 6ojIbUIO0  HHepUHOHHOCTblO H OT- 

iyn IHCM (J)yHKUHOHajIbHbIX B03M03KH0CTeft, npHCyiUHX aBTOMaTHHeCKHM YAn. 

It. i', ch pa3pa6on<H no npHMeHeHHio T O  A  b BHue 3 a 6 pacbiBaeMbix rpaHaT c pyn- 

...... iictcm oh 3anycKa.

11pw paccMOTpeHHH Bonpoca npHMeHeHHa Toro hjih HHoro orHeTymaiuero

■ |irm :Ba Ha c ya a x  cepbe3Hoe BHHMamie yaenaeTca e ro  K0pp03H0HH0H aKTHBHO- 

< in. ocKOJibKy npaKTHHecKH Bee cyaoBbie KOHcrpyKUHH h  o6opyaoBaH H e Bbinoji- 

nciib. H3 MeTajura. B  pe3ynbTaTe HccjiejoBaHHM. npoBOOTMbix b TeneHHe 2000 na-

■ "it hdh BnajKHOcTH B03nyxa 100% h TeMnepaType 250°C [3], OTMeneHO HeKOTopoe 

viu:;n:H[eHHe CKopocTH Koppo3HH crajieH pa3JiHHHbix MapOK, ajnoMHHHeBbix h mea­

rn.ix rnjiaBOB npn B03neHCTBHH Ha hhx npoayfcroB ropeHHa AOC. OimaKO nojxy- 

'icHHaa cKopocTb Koppo3HH ocTaeTca Ha BnojiHe npneMJieMOM ypoBHe h He BJiHaeT 

Mil flC .TTOBeHHOCTb KOHCTpyKUHH.

TaKHM 06pa30M, npHMeHeHHe AOC ana ueneH noacapoTyuieHHa Ha cynax 

aBJiaeTca nepcneKTHBHMM h ueJiecoo6pa3HbiM, 0C06eHH0 npn noacapax ropioHHX 

JKHjuzocreH h HemerouiHx TBepnbix ropionux MaTepHaJioB O anaK o 3th orHeTy- 

mauiHe cpeacTBa eme He HauuiH aoiDKHoro m upoKoro npHMeHeHHa. CymecTByer 

Heo6xojtHMOCTb npoBeaeHHa uiHp0K0MacuiTa6Hbix HaynHbix HccnenoBaHHH 3aBH- 

CHMOCTH 3(J)(})eKTHBHOCTH npHMeHeHHa TO A OT THna AOC, nJiaHHpOBOHHbIX pe- 

uieHHH noMemeHHH, b KOTopbix ycraHOBJieHbi YAn, 4)H3hko-xhmhhcckhx cbohctb  

HMeiomHxca ropioHHX MaTepnajiOB.
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