I[I/IHaMI/I‘leCKHe resepaTopsl N€HbI B KOMIUVICKCHBIX TEXHOJIOTHAX

®enopoB AuTOH EBrenneBuu
Jlupekrop nenaprameHTa
obecnieuenus [lopme ITynkoBo
Cankr-IlerepOypr, Poccust

IToazaroJioBok:

HpI/IMeHeHI/Ie JUHAMHUYCCKUX TI'CHEpATOPOB IICHBI B KOMIUICKCHBIX TEXHOJOIHAX II0 OYHCTKE,
pereucpanu U PEUHUPKYIALIUNU BOAbI, B TOM YHCJIC B TCIUIMYHBIX XO035ICTBaX U B THUAPOIIOHHBIX
CHUCTEMax

KuaroueBnle ciioBa:

FeHepaTop IICHBI, I[I/IHaMI/I‘IeCKI/Iﬁ IreHCPaTOp IICHDI; rpy3OHO,I[’LéMHOCTL IICHBI, bazoBrpie TexHONTOrUH
10 OYUCTKE U pEre¢HCpali BOJAbL

AHHOTAIUA:

Cy1iecTByeT JOCTaATOYHO MHOT'O Pa3JIMYHBIX 0a30BBIX TEXHOJOTUMN 110 OYUCTKE U PEreHepalvy BOIbI U
BOJHBIX TEXHOJOTUYECKHX PACTBOPOB, HA PHIHKE MPEICTABICHO MHOTO Pa3IMYHBIX MAaTEPUAIIOB, B TOM
YHUCJIE U KOMIIO3UTHBIX JUIsl TOW XKe 1€, HO KOTJa HE00X0IMMO PUHATH OKOHYATEIbHOE PEIICHUE 110
BBIOOPY KOHKPETHOH TEXHOJOTHMH W MaTepuana Jjisi KOHKPETHOTO cllydas, BO3HUKAIOT TPYAHOCTH B
CPaBHUTEIHLHOM aHAJIU3E.

Hogeiimme TeXHOJIOTHYECKHIE Hnacu B 9TOM M CMEXKHBIX 00JIACTAX HATAIKUBAIOTCS IIprU BHCAPCHUHN HA
CYIICCTBECHHOC BJIMAHUC MacImTabHOro (baKTopa Ha PE3yJIbTaTbl TEX HIIN OPYIrUX onepaum?l 10
BOAOIIOATOTOBKE, BOOAOOYUCTKE U BOAOPECTCHEPALINN.

Kak yacTo ObIBaeT B TEXHHKE, OCOOEHHO B MHHOBAIIMOHHBIX pa3pabOTKax, B 3aXBAaTHBIX YCTPONCTBAX
CHEeLUANIbHOM POOOTOTEXHUKH OOHAPYKMJIMCh CBOWCTBA M BO3MOXKHOCTH, OOecreyuBaroline
3¢ (deKTUBHOE BCIIEHWBAaHUE IMPH BBOJE CXKATOrO BO3/yXa M3 3aXBATHOTO BAaKyyMHOI'O YCTpOMCTBa,
paboTarolero o npuHUUIY bepHysuIH, B )KHIKOCTD (BOLY).

[Ipn mepBBIX HKCIEpUMEHTax ObUIO OOHApYXKEHO, 4YTO MpooOpa3 Oyayliero MeHOoTreHeparopa
Omarosmapst TOMy, 4TO TOJIIIMHA ITOTOKA BO3JIyXa COCTaBISET HEe OOJbIlEe HECKOJBKHX MHUKPOH, MOXKET
pPEryIupoBaTh AUaMETP MYy3bIPHKOB BO3[yXa B IMEHE, MPH PETYIHPOBKE 3a30pa MEXAY MEMOpaHOil U
KOPITYCOM.

DTOT MoKa3areib U MapaMeTp TEXHUUECKON XapaKTepHUCTUKU OKa3ajics BeCbMa BaXKHbIM U Ojaroaaps
eMy Obuta obecrieueHa TMOKOCTh W IIMPOTa BO3MOXKHOCTEH MPOLIECCOB I€HEepaIy MEHbI 110 HOBOMY
MIPUHIUITY

Kpome toro, rpy30noabEMHOCTS TIEHBI, TIOJTYIEHHOW TaKUM 00pa3oM, OKa3zajlaCh HAMHOTO BBIIIE, YeM
TaKOH ke MoKa3aTeab Y OOBIYHO MEHBI.



Puc.1. JIErkocTs M TOYHOCTH PEryIMPOBKH JUAMETPa BO3AYIIHBIX Iy3BIPBKOB B IeHE. BUIHO Kak
dbopMaT TMeHbl B OAHOW M TOH e KHUJIKOCTH, B OJHOW M TOW K€ €MKOCTH MOXXET MCHSTHCS TpU
M3MEHEHMH 3a30pa MEeXIy MEMOpPaHOH U KOpIycoM

OTta mpocToTa odecrednBaeTcs 3a CYET HCKITFOUUTEIBHOM MPOCTOTHI KOHCTPYKIIMY ITEHOT€HepaTopa.



Conepxanue:
Berynaenne. Ctp. 4-5
IIpumenenune renepaTopos neubl. Ctp. 6-13

CnHcok MCIo/Ib30BaHHOM JIUTEPAaTyPhl M NaTeHTHLIX MaTepuanos. Ctp. 14-17



Berymiienne

Puc.2. /lunamMuyeckuii meHOTeHepaTop, COCTOSALIMN U3 3 4yacTel, U3 KOTOPBIX HU OJHA HE SIBISETCS
HOABUKHOMU.

I[OHO.]'IHI/ITGJ'IBHLIG TEXHUYCCKHUEC YCIIOBUA IJId INIAHUPOBAHHA o60py1103aHH51 AJI1 OYUCTKHU BOJBI IIPHU
IOMOIIH I'€HCPATOPOB IICHBI, IPUHIAIL pa6OT]':>I KOTOPBIX OCHOBAH Ha a3pOJUHAMHUYCCKOM 3(1)(1)6KT€:

1. PaccmaTpuBaroTCsi HECKOJNBKO BapHaHTOB pa3MepHoro ¢akTopa TeHEepaTopoB TMEHbI U
0COOEHHOCTEH MX KOHCTPYKTUBHOTO YCTPOHUCTBA
1.1. ['enepaTop MeHbI ¢ ONTUMAIBHBIMU Ta0apuUTaMU M ONTHUMAIBHO MOJIOOpPaHHBIM JaBIEHUEM

CXKaToro rasa

['aGaputHble pa3Mepbl reHepaTopa IMEHbl U JaBJIEHUS CXKAaTOrO Ta3a ONpPENeNsIoT KOJIMYECTBO U
pa3Mepsl My3bIpel, U3 KOTOPBIX COCTOMT TMEHA, KOTOpas aKKyMYIUPYeT 3arps3HeHHs U YHOCUT UX Ha
MOBEPXHOCTh JKUJIKOCTH B Moayie; Kpome Toro, kak ObUIO CKa3aHO BbIlIE, BAXKHEUIIUM (DaKTOpOM,
OTIpEACTSAIONIUM BUI TEeHbl U A(DPEKTUBHOCTH MEHOTEHEPATOpa, SBISETCS CTEHA-3a30p MEXIY
MeMOpaHOl U KOPIIyCOM IreHepaTopa.



1.2. ['enepatop TmeHbl C ONTUMAIbHBIMH TrabapuTaMd M TOHMKEHHBIM OTHOCHTEIBHO
ONTUMAJILHOTO JIaBJICHUEM CKaTOTo ra3a

[ToHnmXeHne NaBJICHUS CXKATOTO ra3a OTHOCHTEIHHO HOMHHAJIBHOTO WJIM ONTHUMAJIBLHOTO JaBJICHHUS
ckaroro rasza (8 armocdep), CHIXKAET CKOPOCTh (OPMHUPOBAHUS My3bIpEel CKATOTO ra3a, yMEHbIIACT
KOJIMYECTBO Iy3bIpei U CHIXKAET dPPEKTUBHOCTD pa3/ieieHus GpaKkuuii 3arpsi3HEHHI B BOJIE;

1.3. FeHepaTop IICHBI C OITUMAaJIbHBIMU ra6ap1/1TaMH N TIOBBIIICHHBIM OTHOCHUTCIIBHO
OIITUMAJIBHOI'O AAaBJICHHUCM CXKATOI'O ra3a

[loBbI1IEHME JaBIEHUS CXKATOrO ra3a B OINPEACNIEHHBIX Ipeaenax MO3BOJISIET YBEIUYHUTh CKOPOCTh
(dbopmMHUpOBaHUs My3bIPEH, OAHUMACT UX KHHETHYECKYIO SHEPTHIO, YBEIIMYMBAET YPOBEHBb PAa3PEKEHUS
B 30HE (QOpMUpOBaHUS TY3bIpel U yBEIUYHBACT MOABEMHYIO CHIy BHUXPEBBIX ITOTOKOB.
OTtpunarenbHOE CIIECTBUE MOBBIIEHUS JaBICHUS CKATOr0 T'a3a — 3TO YBEJIMYEHHBIN PACX0] JHEPIUH;

14. ['eHepaTop NeHbI ¢ yBEIMYEHHBIMU Fa0apUTaMU U ONITUMAJIbHBIM JABJIEHUEM C3KAaTOro rasa

[IponopuivoHaibHOE YBEIMUYEHUE TadapuUTOB I'€HEpaTopa IMEHbl, IPU COXPAaHEHUM YPOBHS JaBJICHUS
C)KaTHs ra3a, pU COXPAHEHUU OCHOBHBIX MPUHLIUIHAIBHBIX XapaKTePUCTUK IPUBOAUT K YBEITHUEHUIO
pacxoja cxKaThs ra3a U yBeJIHMUEHHUIO KOJIMYECTBAa 00Pa3yIOLIUXCS ITy3bIPEi.

B stom MecTte aBTOp mpeanaraer npepBarh pa3pabdOTKy TEXHMUYECKHUX YCIOBHM M 00paTUTbCA K
OJTHOMY U3 BapUaHTOB IIPAKTUYECKOI0 IPUMEHEHUS IIEHHOT0 I'eHepaTopa.

bnarogapss »TOMy B Ipolecce NOArOTOBKHM K pPEATU3alUud 3KOHOMHUYECKOTO pPOCTa MPOAYKTHI U
TEXHOJIOTUU BEIYIIMM CIICIHAIMCTOM HW3BECTHOW BO BceM Mupe Kommanuu Porsche — Maparom
XauTOaeBbIM, yJIAJIOCh JOCTaTOYHO TOYHO C(HOpMYyIHpPOBATh MCXOJHBIE TEXHHUUECKHE MOTPEOHOCTH
JUIS TEXHOJIOTMM pa3BUTHS C TNPOU3BOAUTENSIMH II€Hbl B TaKUX O0OJacTsIX, Kak, Hampumep,
oOCITy’)KHUBaHHE JIETKOBBIX aBTOMOOWJIEH BBICOKOTO Kjacca B 4YacTH OOpabOTKM HapyKHBIX
ITIOBEPXHOCTEH KOpITyca, 3JIEMEHTOB JBUTATEINS U IIOJIBECKH.

[IpuBneuenne TakuMX  KBAIM(QUIMPOBAHHBIX  CHEIMAIMCTOB W  aKTUBHBIX  H300peraTeneit
UHTErpaTUBHBIX  K300pereHud, kak Mapar XautOaeB, TMO3BOJUT  yIAy4YIIUTh  KayecTBO
NPEANPOJIAKHOTO OOCTYKMBAHUS JIETKOBBIX ABTOMOOWJIEH SJIMTHOrO Kiacca MPH OJHOBPEMEHHOM
ITOJIyYEHUH BECOMBIX IKOJIOTUYECKHUX IIPEUMYIIECTB.

BcemepHble BHeapeHus Onarojapsi COBpEMEHHBIM TeXHOOrusM MapaTta XanTOaeBa B peanu3aliuu
MPEeANpPOJaKHOTO Ipollecca TaK Ha3bIBa€MBbIX YMHBIX TEXHOJIOTUH, OOecneunBaloIue pe3Koe
MOBBIIIIEHUE KauecTBa 00pabOTKH MOBEPXHOCTEH, MPUBOJAT K CHH)KEHHUIO 3aTpaT SHEPTHH U BOJIBI.



IIpuMeHeHNe reHePATOPOB MEHbI

Puc.3. Croii nieHsl, MOMYYSHHBIH MPHU TIOMOIIYM MTEHOTeHEepaTopa Ha CTOYHBIX BOJAX COBPEMEHHOTO
IIPOU3BOJICTBA MOTOPHOTO Macia

Bce ocHOBHBIE 371EMEHTBI MEXaHMUYECKOTO U OPTaHMYECKOTO MPOUCXOXKACHHS MPUCYTCTBYIOT B 3TOU
MeHEe, KOTOPBINA MPEICTABIISAET COOOM TOCTATOYHO M30JIMPOBAHHBIN CIIOW M MOXKET ObITh CPAaBHUTEIHLHO
JIETKO OTJAENEH OT XHUAKOTO IHKJIa, 0e3 KUPOBBIX W BKIIOUEHHBIX 3arps3HEHHUM, MOXET OBbITh
3¢ hekTHBHO 00pabOTaH ¢ TOMOIIIBIO JIEKTPOXUMHUICCKHX TEXHOJIOTHH.
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I[Ipu stom s dopmupoBaHHMs W TEHEpallMM IEHbl HEOOXOJUMBbI TOJBKO IIEHOT€HEpaTop u
KOMIIPECCOp, HUKAKUX UHBIX PEAKIIMOHHBIX PEareHTOB HE Tpedyercs.

Cnej;[yeT OTMCTHUTD, YTO B HACTOAIICC BPEMs B ITPOU3BOJACTBC aHAJIOTMYHBIX MPOICCCOB UCIIOJIB3YIOTCA
XUMHUYECKUE PpEearcHTbl, CTOUMMOCTb KOTOPBIX COCTABJIICT KPYIIHBIC CYMMBI, HE€ TOBOpPA YXKE O
HGOGXOIII/IMOCTI/I 3alIUTHI IPOU3BOJUMBIX IPOAYKTOB OT BPCIHOI'O BOSHCﬁCTBHH XUMHU.

VckirounTh BpeAHOE BO3JCHCTBHE HA MPOM3BOIUMBIC TPOIYKTHI OT XMMHYECKHX PEAareHTOB U HMX
KOMITOHEHTOB B TEXHOJOTHYECKOW BOJE JOCTATOYHO CJIOXKHO M MCKIIOUUTEIBHO 3aTPAaTHO, HOITOMY
o0ecreynTh TOT € TEeXHOJOrmdeckuii 3dekr 3a cyer a’poIMHAMHYECKOTO BO3ACUCTBUS U C
OPUMEHEHHEM TOJBKO CKaToro BO3/AyXa OOECIeYMBacT TEXHOJIOTHS — a’pOJMHAMHYECKOTO
(bopMHpOBaHUS NICHBI, B IEPBYIO OYEPE/ib, IKOJIOTHYECKHE TPEUMYIIECTBA.




’ . - -

Puc.4,5. Pazmep otnmenénnoro ciost — 10% ot Bcero o0némMa oOpabaTeiBaeMoOi KuaAKOCTH. Boma
COJICPKUT MHOTO YaCTHII 3arPSI3HEHUH, KOTOPBIE OTACIATCS B BAHHAX CEIUMCHTAI[IH.
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OcraBmasicst )KUJIKOCTb 0€3 OPraHUYEeCKUX M )KHUPOBBIX 3arps3HeHNN BechMa Y (HEKTUBHO MOXKET OBITh
OYUIIICHA METOJIaMH JIEKTPOXUMHUIECKONU 00pabOTKH.

VCKII0UnTENNbHO BaXHO OTMETUTH, YTO TAKOW METOJl BBOJHOW OOPaOOTKM MO3BOJISIET MPAKTHYECKU
IIOJIHOCTBIO MCKJIFOUUTh BIMSHME MACIITa0HOro (pakTopa Ha mpouecc 1o ToW MpUYuHe, 4TO Haubosee
TpyROEMKaAs Ul OYUCTKM 4acThb 3arps3HEHHUM OTAENsAeTCA el€ N0 TOro, KaK O4MINaeMas KUIKOCThb
1onagaer B EMKOCTH OCHOBHOI'O TEXHOJIOIMUECKOro 000py10BaHUS.

Taxke UCKITIOYUTENbHBIM (PaKTOPOM SIBISIETCS TOT (PAKT, YTO KUPOBBIE U OPraHUYECKUE 3arpsi3HEHUs
OTJENSIFOTCSL OT TMPOIECCOB MEXaHWYECKOW (PUIBTpalMU, YTO JAET OCHOBHBIC MPOIECCHI OYHUCTKH
GUIBTPYIOMIKX 3JIEMEHTOB B MEXaHUUECKUX (UIIbTpax.

ITo cpaBHEHUIO C BBINICH3I0)KEHHBIM, IPUMEHEHNE CAMBIX COBPEMEHHBIX MAaTEPHATIOB M KOMITIOHEHTOB
u3 rpadeHa He 0OecreYnBaeT TAKOTO MPOCTOTO W HAJIGHKHOTO Tporiecca 00padoTKH, HE TOBOPSI YiKE O
MOZICYETE CTOMMOCTH BCEX HOBEHIIMX MOJAM(HUKAINKA rpadeHa.

Tak nmo wuHdopmanuu oT ABcTpanuiickod HayuHoil opranmzanuu CSIRO kacarenbHO oOmbBITa
WCIIOJIb30BaHUS JTAHHOW TEXHOJIOTUM, MPUMEHEHUE IOJIYyYEeHHON H3 COeBOTo TpadeHa MIEHKU C
HaHOKaHaJIaMH, 1ae€T BO3MOXKHOCTb JIaxke 00eCCONMBATh MOPCKYIO BOJY IO YPOBHS KaueCTBa MUTHEBOM
BOJIBI.

O06paboTKa >KHUIAKOCTH TPU MOMOLIM adpPOAMHAMUYECKUX TEHOTEHEPATOPOB IO3BOJISET OIPENEIUTh
YpOBEHb KauecTBa OYMCTKHM MPU JOCTAaTOUYHO HU3KHX 3aTpaTax Ha mporecc, 0€3 TOMOTHUTEIbHBIX
MHBECTUIIMI Ha OCBOEHHUE IIpolecca IPOU3BOJICTBA COEBOI0 rpadeHa.

BepHemcs k 00CyKI€HUIO AOMOJHUTENbHBIX TEXHUUECKUX YCIOBUN

1.1. ['eHepaTop NeHbI C yMEHbIIEHHBIMH rabapuTaMy U ONTUMAaJIbHBIM JaBICHUEM C)KATOT0 raza
VYMeHblIeHHe rabapuTOB reHepaTopa MEHbI, MPU COXPAaHEHUHM ONTHUMAIBHOTO JaBJIECHUS, IPUBOAUT K
CHIDKEHHMIO KOJIMYECTBA IOTPEOISEMOro CXKaToro ra3a M CHMKEHHMIO KOJIMYECTBa (OPMHPYEMBIX

ITy3bIpen

1.2. ['eHepaTop Tme€Hbl C YyBEJIMYEHHBIMM Ta0apuUTaMH M YBEJIWYEHHBIM OTHOCHTEIIBHO
ONTUMAaJIbHOT'O JAaBJIICHUEM C3KAaTOIo rasa

B 3TOM ciyuae, eciin yBeITM4EHHE POU3BEACHO NPONOPLMOHAIBHO 10 BCEM KPUTEPHUAM, IPOUCXOAUT
JUHEIHOE YBEIMYEHHE pacxoja CKaToro rasza M, COOTBETCTBEHHO, KOJIMYECTBA (POPMHUPYEMBIX

HYBLIpeﬁ, IIpU COXPAHCHUU UX SHCPTCTUUCCKHUX XAPAKTCPUCTHUK

1.3. FeHepaTop INEHbl C YMCHBIICHHBIMU Fa6apI/ITaMI/I U YBCIMYCHHBIM OTHOCUTCIIBHO
OIITUMAJIBHOI'O JaBJICHHUEM I'a3a

B stom CJIyda€ KOJMYCCTBO CKATOI'0 rasa HE YMCHBIIACTCA, TOTOMY HC YMCHBIIACTCA U KOJIUYCCTBO
(bOpMI/IpyeMBIX ny3blpef/i, HO UX SHCPIreTUUCCKAasA HACBIILICHHOCTD YBCIIMYNBACTCA

2. BapuaHThl U COOTHOILIICHUS TAPaMETPOB MOJYJIS AJISl a9pOAMHAMUYEcKOoi (proTaruu



2.1. VYBenuueHHass €MKOCTb KOJIOHHBI MOAYJS IPU IOCTOSIHHOM ONTHMAJIbHOM KOJIMYECTBE
reHEepaTOPOB MEHbI

VBenuuenue €MKOCTH KOJIOHHBI, IPU COXPAHEHHUHU ONTHUMAIBHOTO KOJIMYECTBA I'€HEPATOPOB IIECHBI,
CHIDKAET IPOU3BOUTENILHOCTh MOAYIS (prroTauu

2.2. VYBenndeHHast EMKOCTh KOJIOHHBI MOIYJIs IPpU YBEJIMYCHHOM KOJMYECTBE IT'CHEPATOPOB IICHBI

B aTOM ciydae yBenuumBaeTcsi IPOU3BOAUTEIBLHOCTh MOYJISI, HO ¥ YBEINYUBAIOTCS SHEPreTHICCKHE
3aTpathl HA €ro padoTy.

KoHcTpykuuss reHepatopa I€Hbl HACTOJBKO YHHMBEpCalbHa M IPOCTa, YTO OTO IO3BOJSET
W3rOTaBIMBATh UX U3 CaMbIX Pa3HbIX KOHCTPYKLMOHHBIX MAaTEpUAJIOB , BKJIIOYash M BCE BHJIBI
IJ1aCTMAcC M KOMITIO3UTHBIX MaTEpUAJIOB.

Puc. 6,7. 'enepatopsl NE€HbI, U3rOTOBJIEHHBIE U3 ATFOMUHUEBBIX CIUIABOB M M3 HEP>KABEIOLIEH CTaIH
[Ipennaraercss oOpatuth BHHUMaHMe Ha (opMy MeMOpaHbl, COBMEHICHHOH C KOHHYECKHM
OTpakaTeJieM, YTO MO3BOJISIET COXPAHATh MIPOYHOCTH 3a30pa BHE 3aBUCHMOCTH OT KOHCTPYKIITHOHHOTO
Marepuana U ero KE€CTKOCTH.

Jns1 reHepaTOpOB MEHbI U3BECTHO MHOT'O PUMEHEHUM, OJHA U3 KOTOPHIX, [10-BUJIUMOMY, OTKPBIBAETCS
JUTISL CpaBHEHUS! MEXKy MaclITaOHbIM MPUMEHEHUEM I'eHEpaTOpOB MEHBI B YCIOBUSAX TEIlIa, BTOPAas B
YCIIOBUSAX CHCTEM OYMCTKU MOBEPXHOCTU MOPS OT HEPTH.

Cucrema 04YMCTKH OBEPXHOCTH MOPSI OT He(pTH

[IpencraBnsier coboil ammapar Ui yaajdeHus He()TH U3 MOPCKOM BOJIBI, CMOHTHPOBAHHBIA Ha
CIELUAIBHO MTOATOTOBIEHHOM Kopaoie.
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Ha cynne HedTh mopKkHa OBITH OTHENIEHA OT MOPCKHX BOJ IyTEM a’pOJMHAMHYECKOW 00pabOTKH
3arps3HEHHON BOJBI C IOMOIIBIO TEHEPATOPOB MEHBI, KOTOPHIE JOJKHBI OBITH CMOHTHPOBAHBI BMECTE
CO BCEMH HEOOXOAMMBIMU arperaTaMd M yCTaHOBKAMM, TaKMMU KakK JIU3eIb-T€HEPaTOphl,
KOMIIpECCOpbl. DHeprus isi UX paboThl AODKHA OBITH IMOJNyueHa Ha 3TUX JU3eIb-TeHEepaTopax,
TpyOOIpoBOJaxX, Hacocax, EMKOCTSIX Ui 3arps3HEHHOM BOJbI, COOpHHMKaxX JUisi HedTH, KOTOpas
OTJeNICHa OT BOJbI ¥ EMKOCTH JJIsl OYUCTKU OT HE(PTH MOPCKON BOJIBI.

MOL[y.]'[I) AJIA AAPOAUHAMHUYECCKOI0 OTACJICHUA He(l)TI/I oT MOpCKOﬁ BOJAbI Ha KOpﬁﬁJ’IﬂX

s co3manust ycnoBuit s 3G PEeKTUBHOTO OTACIECHUS HEPTH OT MOPCKOM BOJABI B IOTIOJHUTEIIEHOM
MOJyJie CIIEAYeT NPUMEHHTh T'€HEepaTop IEeHbl WM CIEUAIBLHO IOATOTOBICHHYI HACTPOUKY
TpYOOIIPOBOJIOB C TMOCIJIEIOBATEILHO Pa3MEIIEHHBIMH I€HEPATOPAMH TIEHBI.

Jiis obecriedeHusl HEOOXOAMMOTO YPOBHS IPOU3BOIUTEIILHOCTH U PEHTA0CITBHOCTH (B COOTBETCTBHH C
MIpeIBapUTENIbHBIM pacueToM) HeoOX0/IMMa OJTHOBpeMeHHas padota 125 Takux MoayIen.

VY kopalbiisi B HOCOBOM 4YacTH MMEETCS BXOJHOM KaHall, YCTPOCHHBIH TakuM oO0pa3oM, 4TO HE(PTH C
MMOBEPXHOCTH MOPS BMECTE CO CJIOEM BOJBI, NMPU JBHKCHHH KOpaOJisi BBOIWTCS B CICIIHAILHBIN
pe3epByap. B aTtom pesepByape cMech BOABI M HE(PTH CTAOMIM3HPYETCS, W JIONACTU CICIUATBHOTO
yCcTporcTBa crpebaroT HedTh ¢ MOBEpXHOCTH pe3epByapa. Jlamee HedTh HampapisieTcss B 00beM
TOOBIYHM HEPTH.

B HukHelt yacTu pe3epByapa UMeeTCsl BBIXOJ Ha HACOC, KOTOPBII HaIllpaBisieT CMeCh BOABI C HE(ThIO B
ammapar JJisi OT/AeJeHUs HeTH OT MOpCKOH Boabl. B ammaparte cmech M3 MOpPCKOW BOIBI U HE()TH
BCIICHMBAETCSl MpPHU TIOMOLIM TE€HEpPaTOpOB I€Hbl, HEPTb C NEHOH MOJHUMAeTCs BBEpX IO
BEPTUKAIbHBIM TpyOaM, OTKy/1a IEpeTeKaeT B COOPHUK HEPTH (LeHTpajbHas TpyOa MOyIs).

Mopckasi Boja, ouuiieHHas OT HeTH MO TPyOOMpPOBOJAM CHUCTEMBI TEPETEKaeT B CHEIHATbHBIN
pe3epByap, OTKy/la uepe3 BBITYCKHOE OTBEPCTHE B HEOOXOMMOM MECTE CIIMBAETCS B MOPE.

Hedtb, oTaenénnas or MOPCKOMl BOJbI, CTEKAeT B MIPOMEKYTOUHBIN pe3epByap, OTKy/Aa NEPETEeKaeT B
COOpHUK HEPTH.

Ha kopabiie numeeTcst reHeparop, npeHa3HaueHHbIN U1 IPOU3BOJCTBA AJIEKTPOIHEPruu. B kauecTse
TOIUIMBA B 3TOM TE€HEpaTOpe MCIONb3yeTcs HEPTh B CMECSIX C MOPCKOM BOJOHM, CMEIIaHHbIE B
YCTPOMCTBAX sl AMHAMHUYECKOTO IEPEMEIINBAHMUS U AKTUBUPOBAHMS KUAKOTO YIJIEBOIOPOAHOIO
TOIUUTMBA C BOJIOM, C BEIPAOOTKOM IMYIBCUHU C pa3MepaMu Karelb BOJIbI HE 00Jiee 5 MUKPOH.

B renepaTop BXOIUT JBHUraTellb BHYTPEHHEIO CrOpPaHMsl, CBSI3aHHBIA C HUM HMITYJIbCHBIN T'€HEpaTop,
UMITYJIBCBl OT KOTOPOTO MEpeJaroTCsl Ha AJIEKTPOMArHUTHBIA POTOPHBIM YCHJIMTEIh MOMEHTOB, K
BBIXOJHOMY Bajly KOTOpPOTO MOAKIIOYEH IUIAHApHBIA 3iieKTporeHeparop. C reHepaTopoM CBs3aH
KOMITpeCCOp, BbIpadaThIBAIOIINI CKATHIN BO3AYX ISl TeHEPATOpOB IMeHbl. CMelIeHne MOPCKOM BOJIBI C
HE(PTHIO OCYIIECTBIsIETCA B pabOYMX KOJOHHAX MO CHeluanbHOMY TpyOompoBoay. B BepxHeil uactu
Ka)KJ0i paboyeil KOJIOHHBI YCTAHOBJIEH Crpedarofii MexaHnu3M, KOTOPBIH O JIOTKaM crpebaeT meHy,
o0pasyromiyrocsi U3 He()TH ¢ IPUMECHIO BOJBI B KOJIOHHY cOopa HeTu. Bona, ouniieHHast ot HedTH,
BBIBOJUTCS M3 Kaxaol pabodeil KoJOHHBI MO TpyOompoBoay. HwkHsst wacTe TpyOompoBoma
pacrioyio’keHa Ha OJTHOM YPOBHE MJIM HECKOJIBKUX 00Jiee BHICOKUX YPOBHSIX T'€HEPAaTOPOB MEHBHI.

B HmxHel yacTu KOJIOHHBI AJis cOopa He(TH UMEeTCsl KOHMYECKas Oropa, U3 KOTOPOH MPpH PEMOHTE U
O0CITy>)KUBAaHUM yJAJIETCsl HAaKOMUBIIUiiCS Mycop. CoKaThlif BO3yX OT KOMIIPECCOPOB MEPEBOIUTCS B
paboure KOJOHHBI TO TpybOompoBomay. Paboume KonoOHHBI (B MOAYNIh BXOJUT 6 TaKHX KOJIOHH)
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pacmosIoKeHbl BOKPYT KOJIOHHBI I0100pa HeTH, MpryYéM pabodne KOJTOHHBI COSTMHEHBI C KOJIOHHAMHU
cbopa He(hTH CHEIMATBHBIMY JIOTKAMH.

OO0mas xapakTepucTUKa anmnapara

B 06m1yro xapakTepucTuKy anrmapara BXOJAT CIASAYIOIINUE MapaMeTphbl:
[Tpon3BOIUTENBHOCTD;

3aHuMaeMas MPOU3BOICTBEHHAS TIOIIA/Ib;

[ToTpebrienue c:xaToro Bo3ayxa;

Bpewmsi, B TeueHre KOTOPOTo MPOU3BOAUTCS LUK OYUCTKH;
KomnuecTBo Moyieit Ha kopabiie.

[Ipenmonaraemblii 1 TpeOyemblii YPOBEHb OUHMCTKM MOPCKOH BOJBI JOJDKEH COCTaBJISTh HE MEHee
99.97%.

OcrtaToyHast KOHIIEHTpaIKs HeTH B OYHMIICHHON BOJE HE MOXET OBITh 0oJiee 3 MIIIJTUTPaMM B JIUTPE
MOPCKOW OUHIIICHHOW BOJIBI.

[ToTpebHOCT B C3KaTOM BO3JyXe MpH JaBieHUH 4 Oapa He MoJKHA MpeBbimaTh 0,8 MUTpa B CEKYHIY
Ha OJIUH T€HEepaTop MEHBI.

HpOI/I?;BOI[I/ITCJII)HOCTI) OIHOTO MOAYJIA JOJIKHA ObITh HEe MeHee 20 raJVIOHOB BOJbI B MUHYTY.

[ToTpeGHOCTE B C)KATOM M3MEPEHUU UIsi BCETO MOJAYIIS HE OJDKHA MPeBhIIaTh 19,2 nutpa B CEKyHIY
pH pe3koM naBieHuu B 4 O6apa winu 1152 nutpa B MUHYTY NpU pe3koM AaBiieHuu B 4 Oapa wiu 40,7
KyOnueckux (yToB B MUHYTY IIpU PE3KOM JIaBJICHUH B 4 Oapa.

[ToTpeOHOCTS, B AJNEKTPOIHEPTHH I Pa0dOTHI OJHOTO MOMIYJSI TPH HCIOJIB30BAHUU BHHTOBBIX
KOMITPECCOPOB HE JI0JDKHA ObITH Oosiee 5 KMIoBaTT (6,7 JOMIaIUHBIX CHUI).

IIpenmymiecTBa NpeaIoKeHHOT0 MeTO/a U aNmnapara

- YCTpOICTBO UMEET MOJIYJIbHOE COEJUHEHNE, YTO MOBBIIIAET €r0 HAJIEKHOCTD,

- [Ipon3BOAUTENHEHOCTS YCTPOMCTBA MOKET YBEIIMUMBATHCS 3a CUET YBEIUUYEHUS KOJUYECTBA MOTYJIEH,
TaK Kak IUIONIajb, 3aHUMaeMasi OJJHUM MOJIyJieM, HE yBEIMYMBAETCs Ha 6 KBaJpaTHBIX METpoB. J[is
o0ecrniedyeHuns 3a/JaHHOM MPOU3BOIUTENBHOCTH HE00X0AuMO 125 Moaynel, 3aHuMaronux miomazas 750
KBaJIpaTHBIX METPOB;

- Kaxxnast cucrema o4MCTKH BKJIIOYAET B ce0sl BCe HEOOXOAMMBIE KOMIIOHEHTHI M CTYIIEHH OYMCTKH,
CO3/IAI0IIUX MHOTOYPOBHEBYIO CHCTEMY, MOITOMY MOXET OBITh CMOHTHpOBaHa Ha Kopabie ¢
nanybamu mromaapio B 1000 kBagpaTHBIX METPOB;

- Monynu mMoryT ObITh pa3MelleHbl B JABYX U Oojee sipycax, 4To, MPU HEOOXOAUMOCTH, TO3BOJISET
YBEITUYUTH MTPOU3BOAUTEILHOCTh CHCTEMBI B JIBa U TPHU Pa3a MPH HCIOIb30BAaHUHU OJIHOTO U TOTO KE
TUTIOpa3Mepa Kopaois;

- CucreMa MOKET JIOMOJIHATHCS yCTPOUCTBAMU TSI IOMIOJTHUTEIBHBIX BHIOB OYHCTKH;

- cucTeMa BKIIOUEHHUS W KOpalib, Ha KOTOPOM OHAa CMOHTHUPOBaHAa, TMOJHOCTHIO aBTOHOMHA U
MOTPEOAET IIEKTPOIHEPTHIO, MOTYyIAEMYI0 U3 CMECH HE(PTH C BOJOW, YTO PE3KO IOBHIIIACT €€
SKOHOMHUYHOCTh U 00€CreurBaeT aBapUIHBIN 3aIlIBIB B 30HE M3-32 BOZMOYKHOCTH TOJJa4M TOTLIMBA IS
IOJIBO3a TOILJIMBA,
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- cucreMa, Onarofaps MOAYJIbHOW KOHCTPYKLHH, HWMEET TEXHOJIOTMYECKYI0 THOKOCTh, BBICOKUMN
YpPOBEHb  B3aMMO3aMEHSIEMOCTH UM  COOTBETCTBYIOUIMM  BBICOKMM YpPOBEHb HAJIKHOCTH U
PEMOHTONPUTOTHOCTH.

Kak BHIHO U3 BBIIIEU3IOKEHHOTO, MPEIIOKEHHAs] TEXHOJOTHS JUHAMHYECKOTO MEHOOOpa30BaHU
UMEET IMIMPOKUH CIEKTP MPUMEHEHUS, YTO JOKHO 00ECIIeUnBaTh BHICOKUE TEXHUKO — HAIMIPABJICHHBIC
BO3JICHCTBUS MPU YMEHBILICHUH 3aTpaT.

OT0oT (aKTOp HMCHOIB3YETCS CTHUMYJIOM ISl MPHUBJICUEHUS K COTPYJHUYECTBY TAaKUX BBIIAFOIIMXCS
CIIEIHATIMCTOB — KaK COTPYIHUK Kommanuu Porsche — Mapat Xaut6aes.
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CnHcok Mcno/Ib30BaHHOM JIMTEPATYPhl M NATEHTHBIX MaTepPUAJIOB

[Tpunoxenue 1

United States Patent Application 20100193445
Kind Code Al
August 5, 2010

FOAMING OF LIQUIDS
Abstract

Methods and systems for processing of liquids using compressed gases or compressed air are
disclosed. In addition, methods and systems for mixing of liquids are disclosed.

[Tpunoxenue 2

United States Patent Application 20150130091
Kind Code Al
May 14, 2015
FOAMING OF LIQUIDS
Abstract

A foaming mechanism configured to receive a plurality of streams of gas and generate a foamed
liquid, having an aerodynamic component and an aerodynamic housing disposed around at least a
portion of the aerodynamic component. The aerodynamic housing includes a plurality of first channels
and a plurality of second channels connected to the plurality of first channels at regular intervals on a
distributed plane. The distributed plane is about perpendicular to the plurality of first channels,
wherein the plurality of first channels and the plurality of second channels are configured to transform
an axial stream of the gaseous working agent into a plurality of radial high-speed streams of the
gaseous working agent by channeling the gaseous working agent through the plurality of first channels
and into the plurality of second channels on the distributed plane. A hydrodynamic conical reflector
and a hydrodynamic housing form a ring channel in an area between the hydrodynamic conical
reflector and the hydrodynamic housing. An accumulation mechanism is configured to disperse the
plurality of radial high speed streams of the gaseous working agent into the ring channel and create
turbulence to foam the liquid.

[Tpunoxxenne 3

United States Patent Application 20160207013
Kind Code Al
July 21, 2016
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Device For Mixing Fluids
Abstract

A device is provided for mixing similar or dissimilar fluids into a homogenous fluids mix. The device
operates without consuming additional energy.

[Tpunoxenue 4

United States Patent Application 20100224506
Kind Code Al
September 9, 2010

PROCESS AND APPARATUS FOR COMPLEX TREATMENT OF LIQUIDS
Abstract

Methods and apparatus for complex treatment of contaminated liquids are provided, by which
contaminants are extracted from the liquid. The substances to be extracted may be metallic, non-
metallic, organic, inorganic, dissolved, or in suspension. The treatment apparatus includes at least one
mechanical filter used to filter the liquid solution, a separator device used to remove organic impurities
and oils from the mechanically filtered liquid, and an electroextraction device that removes heavy
metals from the separated liquid. After treatment within the treatment apparatus, metal ion
concentrations within the liquid may be reduced to their residual values of less than 0.1 milligrams per
liter. A Method of complex treatment of a contaminated liquid includes using the separator device to
remove inorganic and non-conductive substances prior to electroextraction of metals to maximize the
effectiveness of the treatment and provide a reusable liquid.

IIpunoxenue 5

United States Patent Application 20100224497
Kind Code Al
September 9, 2010

DEVICE AND METHOD FOR THE EXTRACTION OF METALS FROM LIQUIDS
Abstract

A volume-porous electrode is provided which increases effectiveness and production of
electrochemical processes. The electrode is formed of a carbon, graphitic cotton wool, or from carbon
composites configured to permit fluid flow through a volume of the electrode in three orthogonal
directions. The electrode conducts an electrical charge directly from a power source, and also includes
a conductive band connected to a surface of the electrode volume, whereby a high charge density is
applied uniformly across the electrode volume. Apparatus and methods which employ the volume-
porous electrode are disclosed for removal of metals from liquid solutions using electroextraction and
electro-coagulation techniques, and for electrochemical modification of the pH level of a liquid.
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[Tpunoxenue 6

United States Patent Application 20110056457
Kind Code Al
March 10, 2011

SYSTEM AND APPARATUS FOR CONDENSATION OF LIQUID FROM GAS AND METHOD
OF COLLECTION OF LIQUID

Abstract

The present disclosure generally relates to an apparatus for the condensation of a liquid suspended in a
gas, and more specifically, to an apparatus for the condensation of water from air with a geometry
designed to emphasize adiabatic condensation of water using either the Joule-Thompson effect or the
Ranque-Hilsch vortex tube effect or a combination of the two. Several embodiments are disclosed and
include the use of a generator to extract water and unburned hydrocarbons from exhaust of
combustion engines, to collect potable water from exhaust of combustion engines, to use the vortex
generation as an improved heat process mechanism, to mix gases and liquid fuel efficiently, and an
improved generator with baffles and external condensation.

[Ipunoxenne 7

United States Patent Application 20120102736
Kind Code Al
May 3, 2012

MICRO-INJECTOR AND METHOD OF ASSEMBLY AND MOUNTING THEREOF

Abstract

The invention relates to a compact device for producing a composite mixture made of two or more
fluids, and for aerating and energizing the composite and injecting it into a volume, and more
specifically a micro-fuel injector mixing water, air, or any other types of fluid before it is injected into
a volume such as a combustion chamber of an engine made of stackable mechanical elements, and the
method of assembly and mounting thereof.

[Ipunoxenne 8

United States Patent 5,871,814
February 16, 1999

Pneumatic grip

Abstract
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A device for shaping a vacuum includes a housing having a primary passageway which includes an
inlet. A fluid shaping mechanism is disposed in the primary passageway in fluid communication with
the inlet for changing the shape of a fluid flow into a planar fluid flow flowing radially outwardly from
a central point. The fluid shaping mechanism includes a conically-shaped portion disposed within the
primary passageway, a plurality of secondary passageways extending through the housing from a
periphery of the cone-shaped surface to outlets at a bottom surface of the housing, and a reflector
adjacent to and spaced from the bottom surface for uniformly reflecting the fluid from the secondary
passageways radially outwardly to create a vacuum adjacent thereto.

[Tpunoxenue 9

United States Patent 6,139,714
October 31, 2000

Method and apparatus for adjusting the pH of a liquid
Abstract

A process for adjusting the pH of an aqueous flowable fluid includes an electrochemical mechanism
for adjusting the pH of an aqueous flowable fluid and a mechanism for then electrochemically
stabilizing the adjusted pH of the fluid. A device for performing the process is also included. The
device includes an inlet and a channel in fluid communication with the inlet. The channel has the
appearance and properties of a U-shaped connected vessel.
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