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Cexnus 1. BE3OITACHOCTDb MOPEIIJIABAHUA

YK 639.2.06

Aunexkcanap Cepreesunu Jleit

JlabHEBOCTOUYHBIA TOCYAAPCTBEHHBIM TEXHUYECKHI pPHIOOXO3SIICTBEHHBIN YHHBEPCHUTET,
rp. CBc-512, Poccust, BnaguBocTok, e-mail: dehal998@mail.ru

Hayunwui pyxosooumens — Eeeenuti Huxonaesuu baxnanos, ooyenm

Brenenue cmyTHuKoBOM cuctemsl cBsa3u «Apuanym» B cocta 'MCCh

Annomayus. PaccMOTpEeHBI aclieKThl, CBS3aHHBIE C 00eCIeUeHHEeM CyJI0OB ONEpaTHBHOM IJ10-
0anbHOI paAMOCBsA3bI0 B paMKax [ 700anbHON MOPCKOM CHUCTEMBI CBS3M IMpH OeAcTBuu. B
YaCTHOCTH, IPUMEHEHHUEM CITyTHUKOBBIX CUCTEM CBS3H.

Kniouesvie cnosa: pannocBsizb, COYTHUKOBas CBsi3b, MHMapcar, Mpunuym, Oe3omacHOCTb
MOpeTIaBaHUs.

Aleksandr S. Dei

Far Eastern State Technical Fisheries University, SVs-512, Russia, Vladivostok, e-mail:
dehal998@mail.ru

Scientific adviser — Evgeny N. Baklanov, Associate Professor

Introduction of the Iridium satellite communication system to the GMDSS

Abstract. The article deals with aspects related to the provision of ships with operational
global radio communications within the framework of the Global Maritime Communication
System in a disaster. In particular,the use of satellite communication systems.

Keywords: radio communication, satellite communication, Inmarsat, Iridium, safety of navigation.

Mexnaynapoanoit konBeHuueir SOLAS-74 ompenenén coctaB o0OpyIOBaHUS pPaJUOCBSI3U
JUIS CyZIOB B 3aBMCHMOCTH OT paifoHa muaBaHus. [[nsg cyzana, paboraromiero 3a npeaeaamu 30H
obcmyxuBanus OeperoBeix YKB u IIB paanocrannmii, o0s3aTeNbHBIM SIBJISETCA HAIMYME Ha
6opty cynoBoii cranuuu Mamapcar. Takue npaBuia AeiicTBOBAIU JOITUE TOAbI, U CIIyTHUKOBAS
cucrtema cBa3u MHMapcar cunranach €AMHCTBEHHO «IIPHUTOIHOM» ISl HCIIOJIB30BAHUSA B COCTaBE
['moGansHOM MOpckoi cuctemsl cBsizu nipu Oeacteun (IMCCB).

Pa3BuTHe cpeacTB cBs3U, B TOM YHCIIE€ CIIyTHUKOBBIX, IIOIIATHYJIO 3Ty MOHONoyno0. HoBele
CIIyTHHUKOBBIE CHUCTEMBI JEMOHCTPUPYIOT OCHOBHBIE MOTPEOUTENBCKHE KAUECTBA U TEXHUYECKUE
XapaKTepUCTHKU Ha ypOBHE HUYYTh HE Xyke, yeM B MHMapcar. bosiee TOro, KOHKypupymoIuue
CHCTEMBI CBSI3U JIMILIEHBI [NIABHOTO HegocTaTka MHMapcaTt — OTCyTCTBHsI 0OCITY>)KHBaHUS B BBICO-
kux (BbIre 70 rpagycoB) MIHPOTaxX.

Kak um3BecTHO, cmyTHHKOBas cucrema cBsizu «HMapcar» co3nmaBanack Ui oOecriedeHus
0€30macHOCTH MOpEIIJIaBaHUsI, UCTIONB3YeTCs y)Ke Oosiee 25 jeT, B Hel 3aJeiCTBOBaHbI Te0CTa-
[IMOHAPHBIC CITYTHUKHU 3eMJIH, OpOUTHI KOTOPBIX PACIONIOKEHBI HaJl 3KBaTopoM (puc. 1). Kakasrit
CIIyTHUK MMeeT pailoH 00CIyKHUBaHMS JTOBOJIBHO OOJBIIOrO pa3Mepa, HO HU OJIUH U3 CITyTHUKOB
HEe 00eCIeunBaET €ro BUIUMOCTH B TPUTIOJSIPHBIX paifoHaX Ha XOPOIIUX YIJIaX BO3BBINICHHA. B
mupoTax Beime 70 rpaaycoB cucreMa Hed((heKTUBHA.
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Station 12° Inmarsat regions

Pucynoxk 1 — I'eocrariionapHblie CIyTHUKH cUCTeMbI « THMapcaT»

Cucrema CryTHHKOBOM CBsizu «Wpuauym» MOCTpOCHA HAa HHU3KOOPOMTATIBHBIX CITyTHHUKAX
(puc. 2), moaTOMY «OeNbIX MATCH» B MOJIIPHBIX paiioHax 3emin He uMeeT. Hauano skcrutyaranuu
CTaJI0 PEBOJIIOIIMOHHBIM TIEPEBOPOTOM B 00JIACTH CBSI3M T MPO(EeCCHOHAIOB, OU3Heca, MyTellie-
CTBCHHUKOB, CITy’)KO CITaceHMsI, a TaKXKe JPYTHX JIMI, KOTOPbIM HEOOXOJMMa MHOTO(YHKIIHO-
HaJIbHAS U y100Has CIIyTHHKOBAsI CBSI3b B BH/IE CIIyTHHKOBOTO Tesie()OHA-TPYOKH C €THUHBIM TJ10-
OabHBIM HOMEPOM. B OTiIMYMe OT Ha3eMHBIX CETEH CBS3M CITyTHUKOBAS CHCTEMa OTCIIC)KHUBACT
MECTOIIOJIOKCHHE TeledoHa, odecrednBas, TaKuM 00pa3oM, MPOXOKICHUE CUTHAIA 10 aDOHEHTA
BHE 3aBHCHMOCTH OT €r0 MECTOHAXOXIeHHs. VIHBIMU CIIOBaMH, JIJIsl YCTAHOBIICHUS CBSI3H C a00-
HEeHTOM cucTeMbl Iridium He Tpedyercs 3HaTh, rie oH Haxoautcs. Tenedons! Iridium obecmneun-
BAaIOT BBICOKOKAYECTBEHHOE COCMHEHUE JUIsl TOJIOCOBOM CBSI3U M MPEIoiaratoT uHTephencHoe
COCJIMHEHUE C HOYTOYKaMH, «IaJMTONaMM», 3JICKTPOHHBIMH OpraHai3epamMu W JPYTHM Teje-
KOMMYHUKAIIHOHHBIM 000pyaoBaHreM. OTHOCHUTEILHO KOPOTKOE PACCTOSIHUE 10 CITyTHHKA
YMEHBIIHIIO 33/ICPXKKY CUTHAJIA U YIIyUIIHIO Ka4eCTBO pa3roBopa.

Pucynok 2 — CiyTHUKH cHCTeMBI cB3H «puamym»
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Kocmuueckuii cermeHT Mpummym cocTouT u3 66 HU3KOOPOUTAIBHBIX CITYTHHKOB, pa3Me-
IICHHBIX Ha 6 MPUMOJSAPHBIX OpOUTax. B ceTH peain30BaH YHUKAIBHBIM MEXaHU3M MEXCITYTHH-
KOBBIX CBfA3€il, KOTOPBII UCIIONB3YyeTCs AJIs epelauk CUTHalla C OJJHOTO CITyTHHKA Ha Jpyroi 6e3
HEOOXOUMOCTH PETPAHCISALUU 3TOTO CHTHAJIA Ha 3eMito. MeXCIyTHUKOBBIE CBsi3M Upuanmym
TEOPETUUECKH MO3BOJIIOT ATOW ceTH (GYyHKIIMOHUPOBATHh MPU HAJIMYUH BCETO JIMIIL OJHOW CTaH-
IIUH COTIPSDKEHUS, HA KOTOPYIO OyIyT MOCTYyNaTh Bce AaDOHEHTCKUE 3BOHKH.

[Toatomy emi€ B utone 2013 1. Ha 92-i1 ceccun Komurera MO mno 6e30macHOCTH MOperuia-
Banus (MSC-92) neneranus CILIA npeioxuia BKIOYUTh CUCTEMY CIIyTHHKOBOH Tene(oHHOMH
cBsi3u «Mpuanymy», UMEIOIYI0 Ha TEKYIIMH MOMEHT rio0aibHOe MOKphITHE, B Ciy)0y [ MCCBb.
Hauancs 3akat snoxu monononuu Mamapcar. Ha 98-it ceccun KBM yTBepaui mpoexT monpaBok
K riase [V u [Ipunoxenuro k Mexaynaponnoi kouBeHiuu COJIAC-74, 3aMeHUB BCE CCHUIKU HA
WNumapcar ¢pasamu «IIpu3HaHHbBIE YCIYTH MMOJABUKHON CITyTHUKOBOM CBSI3M».

W BoT, HaKOHEII, TPOU3OIILJIO UCTOPUUECKOE COOBITHE — HA CBOeH 99-11 ceccun KOMHUTET 00b-
SIBHJI O MIPU3HAHUU CUCTEeMBI «VIpuamyM» MOTHOCTBIO COOTBETCTBYIOMIEH TpeboBaHusiM Pe3oito-
man  A.1001(25). B mompaBkax, mpunatreix k T1iaBe IV MK COJIAC-74 Pesomorueit
MSC.436(99), B npaBunax 7, 8, 9 u 10 Ha3BaHME €AUHCTBEHHOIO NIpOBaiiiepa CIyTHUKOBOM CBS-
3u «MHMapcar» yaaneHo M 3aMeHeHO Ha (pa3y «IpU3HaHHAs MOJABM)KHAS CITyTHHUKOBAs CITYXK-
0a», OTHBIHE O3HAYAOIIAs JTFOOYI0 CIYX)Oy, KOTOpasi SKCILTyaTUPYETCs Yepe3 CIyTHUKOBYIO CH-
cremy u npusHaHa Opranuzanued mis ucnonb3oBanusa B ['MCCB. CnoBa «cymoBasi 3emMHas
CTaHIHUsA, MPEIOCTABJAIONIAs MPU3HAHHBIE YCIYTd MOJBUXKHOM CITyTHUKOBOM CBSI3W» JTOJIKHBI
OBbITh 3aMEHEHBI CIIOBAMU IIPU3HAHHBIE YCIYTH MOABMXHON CIIyTHHKOBOM CBSI3U CYJIOBOM 3€eM-
HOM CTaHIMW» B TEKCTE MpoekTa nomnpasok K riase [V u npunoxenuto k Konsenuuu COJIAC
1974 rona, a Takxe B TeKCTe MpoekTa nocieayromux nonpaBok kK Kogekcam BC (HSC) 1994 u
2000 rr. u CCH (SPS) 2008 r. Onpenenenue paitonoB [MCCB u ¢gopma [lepeuns pagunoodopy-
JIOBaHMSI TAK)KE€ U3MEHUIIKCD.

TexHu4YecKue NaHHbIE 0 KOCMHUYECKOM cerMeHTe Mpuanym:

- KOJIMYECTBO CITyTHUKOB Ha opOuTe: 66 OCHOBHBIX U 6 PE3EPBHBIX;

- KOJIMYECTBO OpOUTANBHBIX TIOCKOCTei: 6 (11 CIyTHHKOB B Ka)JOH IJIOCKOCTH) BBICOTA
00puTthl: 780 KM;

- HaKJIOHEHHe OpOUTaNbHOM TIIOCKOCTH: 86,4 Tpaj;

- mepuop oopamienus cnytauka: 100 mun 28 c;

- Macca CnyTHUKa: 689 Kr;

- KOJIMYECTBO JIyueil, HOpMUPYEMBIX OJTHUM CITyTHUKOM: 48;

- IuaMeTp Jy4a: okojo 50 km;

- MOIIHOCTH KaHana: 16 [Ib (cpennsis);

- CPOK CITy>KOBI CITyTHHKA: 7—9 JeT.

YacToTsl, HcONb3yeMblIe AJIs CBSA3H B ceTu «puanymm»:

- crryTHUK Vpuiinym — CIy THUKOBBIH TeniehOoH MITH CITy THUKOBBIN nieimkep: 1616-1626,5 MI1;

- MEXXCIYTHUKOBBIC CcBsi3u: 23,18-23,3 ['Tw;

- Ha3eMHas cTaHuus — cinyTHuku Upuauym: 29,1-29.3 I'T;

- cnytHUKY Upuauym — HazemHas cranuus: 19,4-19,6 I'Tw.

[Tonb3oBaTenbckuit cerMeHT Mpuauym - 3T0 CIyTHUKOBBIE TeIe(QOHBI U CITyTHHUKOBBIC TIEHi-
JDKEPBI, OCPEICTBOM KOTOPHIX aDOHEHT MOJIydaeT MOCTyM B ceTh «puamym» u momnb3yercs ee
yciyramu. CriyTHUKOBBIE TeneoHbl MpuamyM BHELIHE BBIMISIAAT Kak «TPYyOKM» U paboTaroT B
JBYyX peXHMax — CIYTHUKOBOM U coToBoM GSM. CnyTHHKOBBIE MEWKEPhl CIOCOOHBI PUHU-
MaTh COOOIIEHUS, HAXOIAChH B JTIOOON TOYKE TUTAHETHI.

Jlonroe BpeMsl, IOCJie BO30OHOBJICHUS KOMMEPYECKOM 3KCIUTyaTaluy cucteMsl, Iridium Sat-
ellite LLC orpannumBaiack paboToi Ha aMEpUKAHCKOM PBIHKE, HO C HEJaBHHUX IOp BBIIIA 3a
ero mipenensl. CerogHs KoimdecTBo aboHEHTOB Iridium Bo BceM mmpe cocramiser okono 100
ThIC. yenoBek. [locne ueTeipexiieTHero nepepriBa B Poccrio BHOBb BO3BPAIAETCS CETh I100Alb-
HOH cnmyTHHKOBOM cBsi3m Iridium. Ee HOBBII poccuiickuii cepBHc-TIpoBaiiaep — kommnanus «Tex-
Honorun Upunnym» — yke moilyuusa pa3pelieHre Ha HCIOJb30BaHWE HEOOXOTUMBIX paauoya-
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CTOT W oOpaTwiach B MUHCBSI3M 3a OINepaTOpCKoi nuIeH3ue. Eciu Bce moiiner mo IuiaHy,
HaMEUCHHOMY KOMIIaHHeW, To yciyru Iridium OynyT HOCTyHmHBI Ha POCCHHCKON TEppUTOPUH B
KOMMEPYECKOM PEXHME.

Taxum 006pa3oM, MOKHO C YBEPEHHOCTBIO CKa3aTbh, YTO PAa3BUTHE CPEACTB MOPCKOW pajuo-
CBA3M UJAET M0 MyTH MOJEPHU3ALNU 000PYI0BaHUS, COBEPIICHCTBOBAHUS METO/I0B U MPABUJ €T0
NpUMEHEeHHUs, YHU(DHUKALUU TOX0/I0B K dKCIuTyaTauuu. Beé€ 3To mo3Bossier 3¢ (hekTuBHO peraTth
3aJlauM, CTOSIINE Mepe/l MOperiaBaTesiMi, oOecrieurnBas Ha BBICOKOM YpOBHE 0€30MacHOCTh ue-
JIOBEYECKOM KU3HH.
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Jdanun CepreeBuu /lemeHTheB

JlanbHEeBOCTOYHBIN TOCYHAPCTBEHHBIM TEXHUYECKHHA PBIOOXO3SAWCTBEHHBIN YHUBEPCUTET,
rp. CBc-112, Poccus, BnaguBocTok, e-mail: danil.dementev.2021@inbox.ru

Hayunwuii pyxosooumenv — Examepuna Escenvesna Conosvesa, cm. npenooasameins

JlenokonbHbIN (10T: 3TANbI U MEPCHEKTUBbLI PA3BUTHS

Annomayus. Poccus 06iafaeT €JUHCTBEHHBIM B MHMPE ATOMHBIM JIEAOKOJIBHBIM ()JIOTOM,
IPU3BAaHHBIM Ha OCHOBE INPUMEHEHMs MEPEIOBBIX SIAEPHBIX NOCTHKEHHUI pellaTh 3ajadu
o0ecreueHHs HallMOHAIBHOTO MPUCYTCTBUS B ApkTuke. C ero nosiBieHUEM Ha4ajloCh HACTO-
see ocsoeHue KpaitHero CeBepa. OCHOBHBIMU HAalpaBJICHUSIMU JAESATEIBHOCTH aTOMHOIO
(ui0Ta ABIAIOTCS: JIEAOKOJIBHOE OOecrieueHre MPOBOJIKU Cyl0B B palioHax CeBepHOro Mop-
ckoro mytu (CMII) B 3amep3aromue noptel P@; obecrieuenue npoBeneHus] BBICOKOIIMPOT-
HBIX HAay4HO-HCCIJIEZIOBATENIbCKUX JKCIEAULNN; o0ecrieueHne aBapuiHO-CIIacaTeNbHbIX Olle-
pauuii Bo ibpaax Ha akBaTopuu CMII 1 HeapKTHUECKUX 3aMep3aroluX MOPEH.

Kntoueswie cnosa: nenoxomnsl, CeBEepHbII MOPCKOUN MyTh, APKTHKA.

Danil S. Dementyev

Far Eastern State Technical Fisheries University, SVs-112, Russia, Vladivostok, e-mail:
danil.dementev.2021@inbox.ru

Scientific adviser — Ekaterina E. Solovieva, Senior Lecturer

Icebreaker fleet: stages and development prospects

Abstract. Russia possesses the only nuclear-powered icebreaker fleet in the world, designed
to solve the problems of ensuring a national presence in the Arctic on the basis of the use of
advanced nuclear achievements. With its appearance, the real development of the Far North
began. The main activities of the nuclear fleet are: icebreaker support for escorting ships in
the areas of the Northern Sea Route (NSR) to freezing ports of the Russian Federation; ensur-
ing the conduct of high-latitude research expeditions; providing emergency rescue operations
in ice in the water area of the NSR and non-Arctic freezing seas.

Keywords: icebreakers, Northern Sea Route, Arctic.

Poccus o6naz[aeT CANHCTBCHHBIM B MUPE ATOMHBIM JICAOKOJIbHBIM (I)J'IOTOM, MMPU3BAHHBIM Ha

OCHOBC MPUMCHCHUSA TCPCAOBBIX SAJCPHBIX )IOCTI/I)I(GHI/Iﬁ peliaTth 3aJgavdu oOecrieueHus HaIno-
HAJIBHOTO MPUCYTCTBUA B ApkTuke. C ero mosBIEHUEM Havyaloch HacTosllee ocBoeHue Kpaiine-
ro Cesepa.

OCHOBHBIMH HaIllpaBJICHUAMH JCATCIBHOCTU aTOMHOI'O (I)J'IOTa ABJIAKOTCA: JICAOKOJIBHOC

oOecrneyeHre NpoBOJKHU cy0B B paiioHax CeepHoro mopckoro mytu (CMII) B 3amep3atomiue
noptsl P®; obGecnieueHne npoBeieHNsI BEICOKOIMPOTHBIX HAYYHO-UCCIIE0BATEIBCKUX IKCIIEIU-
1ui; o0ecrieueHne aBapuilHO-criacaTeNbHBIX onepanuil Bo Jpaax Ha akBaropun CMII u Heapk-
TUYECKUX 3aMep3aroIiuX MOpeH.

Taxoke JICOOKOJIBI MOT'YT OBITH HCIIOJB30BaHBI KaK TYPHUCTUYCCKUC KPYU3bI H0 CCBepHOFO

noitoca U Apyrux dacteil cesepa. CMII — 3Ta onHa M3 rIaBHEHIIMX 3ajady aTOMHOro (¢uioTa.
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[TpoxoauT Bnoib ceBepHbIX OeperoB Poccun mo mopsim CeBepHoro JlemoBuroro okeana (bapen-
1eBo, Kapckoe, JlanteBrix, Bocrouno-Cubupckoe, Uykorckoe u bepuHroso).

CMII ocraeTcs BaKHEHIIMM MapLIpyTOM BO BceM Mupe. OH COEIMHSET BCE a3UaTCKUE MOp-
ThI, B TOM YHCJI€ U POCCUHCKHE, C eBpOoneicKuMU. Ho TIaBHBIM €ro IIocoM OCTaeTcsl HeOOoIb-
masi MPOTsHKEHHOCTH (Bcero 5600 kM), MO CPaBHEHUIO C MapIIPYyTOM, KOTOPBIM MPOXOIUT Yepe3
Cysnknii kKaHai. DTOT (akTop OYeHb CHIBHO BIHAET Ha YKOHOMHYHOCTH TPY30TEPEBO30K. Tak
kak CeBepHbIII MOPCKOM MyTh JOJTrO€ BpeMs 3aMOpPOKEH, UMEHHO B 3TOT MOMEHT Ha MOMOIIb
MPUXOJAT JIETOKOJBI.

B rakoii curyarmum Poccusi oGecnieunBaeT 6€30MacHOCTh HA JIAHHOM MapHIpyTe, THIpOMe-
TEOPOJIOTUYECKYIO U HABUTAIIMOHHYIO 00CTaHOBKY. B CBSI3U ¢ JalbHEUIINM Pa3BUTUEM apKTHUe-
CKHMX YTIJIEBOJAOPOJHBIX IMPOEKTOB OKUIAETCSA YCTOMYMBBIM pOCT Irpy3onoToka no CeBepHOMY
MopckoMy myTu. [ToaTomy ceronHsi OHUM U3 IPUOPUTETHBIX HANPaBJIEHUH AesTenbHocTH Poca-
TOM(II0Ta CTAHOBHUTCS y4acTHE B APKTHUECKUX HE(PTETa30BBIX MTPOEKTAX.

B pamkax peanuzaiinu JaHHBIX MPOEKTOB aTOMHBIE JIEIOKOJIBI 00€CIIEYNBAIOT KPYTJIOTOUY-
HYIO MPOBOJKY CYJIOB B HAIPABJIECHUH MOPTOB, TEM CaMBbIM OOECTIEUMBAs UX CTAOUIILHOE pa3BUTHE.

Jlo mosiBneHust Cy10B, KOTOPbIE MOTJIH BBIIEPKUBATh OOJbIINE OKEAHCKHE HArPy3KH, TEXHO-
JIOTHUS JIEJJOKOJIOB ObliIa pa3paboTaHa Ha BHYTPEHHUX KaHallaX U pekax. [lepBblil 3apeructpupo-
BaHHBIN JIEJJOKOJI, KOTOPBI OBbLJI OUEHb MPUMHUTHBHBIM, UCIOJIB30BAJICS B OENBIUHCKOM ropoje
bprorre B 1392 r. 11 pacuuCTKH FOPOJICKOTO pBa.

C HayvaoM NOJSIPHBIX UCCIIEIOBAHMI HaYalld CIIOJIb30BaThCS CY/Ia C JIEJOBBIMHU YCHIICHHUSIMU.

W3HavanbHO OHU OBLTH IEPEBIHHBIMU M CTPOMIIKCH 110 H3BECTHBIM HA TO BPEMS TEXHOJIOTHSIM.

OHu OBLIM YCHJICHBI, OCOOCHHO TI0 BaTEPJIWHUH, C ABOMHOM OOIIMBKOW KOpIyca U yCHJICHHU-
€M IMOIepeyrH BHYTpH cyaHa. CHapyKu KOpPILyC cyHa ObUT 00EPHYT METAIUIMUYECKUMHU JIEHTAMHU.

Takast KOHCTPYKIHMS KOpIyca cyaHa Oblla Hy>KHA JUIS TOTO, YTOOBI Cy/THO MOTJIO IPEOI0IIe-
BAaTh JIEJ], a TAKXKE JIJISl 3ALUTHI €r0 OT CIYy4YaiHOTO CKOBBIBAHUS JIbJA.

Co BpeMeHeM B Nepuoj OCBOCHMS CBOMX CEBEpHBIX TeppuTopuil nepen Poccueit Bctan Bo-
MIPOC O MOCTPOMKE CYJ0B, KOTOPHIE MOTITIU ObI MMPEO/I0JIEBATH CEBEPHBIC MY TH.

[TepBbIMU M300PETEHHBIMH CyIaMU ISl TAKUX CYpPOBBIX YCIIOBUH CTalIM KOYU — JIEPEBSIHHBIC
NapycHBbIE Cy1a JUIs 3aMOJISIPHBIX TUIaBaHUM.

Kopmyc ko4a ObUT 3aIIUIIEH TOSICOM AJIs1 YCTOWYMBOCTH K TUIABYYEH JIbAMHE, UME OOIIHBKY
BJIOJIb BATCPJIMHHUH U JIOKHBIM KUJIb JIJISL IBMOKEHUS 1O JbAY. Eciau ko4 OyneT 3axar JIbJoM, €ro
3aKpYTJIEHHBIEC JIMHUM KOpIyca CyJHa HUYKE BaTEPIMHUU MO3BOJISUIA BBIBECTU CYJHO M3 BOABI Ha
nen 6e3 OBPEKICHUH.

[lepBbIM HACTOSIIMM M HPUBBIYHBIM JUISI COBPEMEHHOTO 4YeoBeKa cTail Jiefokon «Epmaky,
noctpoeHHbI Ha pybexe XX B. Jlemokon «Epmak» — mepBblii B MHpE JETOKOT apKTUYECKOTO
kiacca. Ha3Ban B yects uccnenoBarenst Cubupu — Epmaka Tumodeesuua. Maes o ero moctpoiike
nosiBuinack B 1897 r. Ero aBropom 6611 C.O. Maxkapos. Jlenokon «EpMaky» umen Bogou3MenieHue
8730 T, nuny 97,5 M, ocaaxy 7,3 m.

JIBurarenu y mepBbIX JIEAOKOJIOB OBLIM NMapOBBbIMHU, KOTOPbIE UMENU CKOPOCTh Xo1a B 12 y3
(21 xm/9). C pa3BUTHEM TEXHOJIOTUH KOHCTPYKIMU JIEIOKOJIOB MEHSIINCH. M JIETOKOIBI, KaK U
Mpoyre CcyJa, CTPOUIIUCh HAa JAU3EIbHBIX YCTaHOBKaX. [IepBbIM TakuM JI€IOKOJIOM CTajO IIBEJ-
CKO€ CyIHO Ymer. DToT Jiefokoa A0 1957 r. ocraBaicsi caMbIM MOIIHBIM IIBEACKUM JIETOKOJIOM,
JI0 TEX TOop, MOoKa He ObLIN MOCTPOCHBI Apyrue Oosee mporpeccuBHbIe Jea0konbl. B Poccuu cyn-
HOM Takoro kjacca Obul Jemokon «Amamupan MaxkapoB», B CIHIA — nemokon USCGC
«Southwind» (WAGB-280).

MaccoBbIM ITPOPHIBOM B KOPAOIECTPOCHUH, B TOM YHCIIE H JIETOKOJIOB, CTalla MOCTPOHKA Cy-
JIOB C SIICPHOM DHEPreTUYECKON YCTaHOBKOM, KOTOpasi BO MHOI'O pa3 yBEINMYMIA MOLUIHOCTb U aB-
TOHOMHOCTb IIJIaBaHbs, YTO CIOCOOCTBOBANIO PEIICHUIO CTPATETHUECKUX M MPOU3BOJCTBEHHBIX
3a/1ay Halllel CTPaHbl KaK B CEBEPHBIX MOPSIX, TAK U B IPYTUX OKEAHCKUX upoTax. [lepBbiM Ta-
KHM JIEIOKOJIOM B MUPE CTaJl Halll COBETCKUI aTOMHBIN JIeTOKOJ «JIeHnH». IT0 ObLI MepBEeHEI]
BCEX JIEIOKOJIOB C SIICPHOM YCTAHOBKOM.

Bropoii coBerckuii neqokon «ApkTuka» Obu1 moctpoeH B 1971-1972 rr. Dto kpynHeHmmn
JIeIOKOJI TOro BpeMeHu. J{nnHa ero cocrasisia 148 M, mupuna 30 M, BeicoTta 6opTa Gomnee 17 M,
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ocanka 11 m, Bogomsmemienue seqokona 23000 T, MOIIHOCTE ero TypOuH paBHsack 75000 o-
aJANHBIX CUJI. «APKTHKa» JErKo MOrja JOMAaTh JieJl TONIIUHOM 5 M U pa3BUBATh CKOPOCThH 110
18 y3 B uncroii Bose. Kopmyc nenokona OblT H3TOTOBJICH M3 IPOYHOTO CTAIBLHOTO CIJIaBa U YCH-
JIeH CHelHabHBIM JIEJJOBBIM MOosicoM 1o 6okaMm. CyTHO UMEIIO YeThIpe ManyOsbl, 1Be MIaTQOPMBL,
HOCOBYIO YacCTh M MATUNATYOHYIO IUIOLIAJKY JIJIs MOCAJAKU pa3Be/lbIBATENIbHOTO BepToJieTa. Tak-
e JIETOKON «APKTHKa» OB MEPBBIM HAJABOAHBIM CYTHOM, JOCTHUrIIMM CeBEepHOro MONIoca —
IIOJIBUT, coBepLIeHHbIN 17 aBrycra 1977 r., BO Bpems sKcleAUIMHY, OCBAIeHHON 60-netnto Ox-
TAOPHCKO PEBOIIOLINU.

Ha nanneiit MomeHT Poccust o6nagaetr caMbIM OOJIBIITUM JIeTOKOIBHBIM (prioTom. Takxke y PO
umeeTcsi cyaHO «CeBMOPITyTh» — JIEAOKOJIBbHOE TPAHCIOPTHOE CYJIHO (JIMXTEPOBO3) C aTOMHOIM
cuioBoit ycranoBkoit tuna KJIT-40. Kpynneiiniee korga-nu0o mocTpoeHHOE TOProBOe CYIHO C
snepHoi yctaHoBkor. Ha3zBan B yecTh CeBEpHOTr0 MOPCKOTO MYyTH, JIJI1 KOTOPOT'O U CTPOMUJICS.

CeBepHbIil MOPCKOM MyTh — INIaBHEWINAS B JaHHBIH MOMEHT ITPUYMHA IOCTPOUKH JIEJOKOJIOB.
Kaxk roBopmiiocs panbiie, CMII skonomudHee cBoero coopara Cyarkoro kanana. [lomumo cBo-
€l PKOHOMHYHOCTU pecypcoB, depe3 CMII He B3bIMaeTcsi MOLUIMHA 3a CyAa U HET YIpo3bl CO
CTOpOHBI NUpaToB. CeBEpHBIM MOPCKOW MyTh HMPOXOJHUT MO APKTUYECKUM MOPSM, TaKUM Kak
Kapckoe, JlanteBsix, Boctouno-Cubupckoe n Uykorckoe. [Inuna mytu ot Kapckux BopoT m0
oyxtel [IpoBeaenust cocrapnser 5,6 Teic. kM. CMII He uMeeT 4eTKo pa3rpaHMYeHHOT0 MapIIpy-
Ta. Tak Kak MapLIpyT HAXOAUTCA Ha BCcel mpoTskeHHocTH Poccuiickon denepanuu, oHa KOH-
TPOJIUPYET BCE MOPEXOIHBIE 33a4X HA JAHHOM Y4aCTKE IyTH: HABUTALUIO, THAPOMETEOPOIIOTH-
yeckoe obecriedeHne no Bceil akBaropun CMII, a Taxke mojakperuisieT 3akoHamMu. VIMEHHO ¢
JTAHHBIM MOPCKHM TOPTOBBIM ITyTeM OyIyT paboTaTh HOBBIC Jieokobl TuMbl JIK-605 (memoxomn
MouHocThio 60 MBT ¢ sanepHoii ycraHoBkoi). Bogonsmerienue 1aHHbIX CyZ0B OyJeT JOCTUTaTh
10 33540 T, mpu motHoM KBJI (KOHCTpYKTHBHAS BAaTEPJIMHUS — BaTCPIMHUS, IPUHATAS 32 OCHO-
BY IIOCTPOEHHUS TEOPETUYECKOTO YEPTEKA U COOTBETCTBYIOLIAS [TOJIyYEHHOMY NpEABAPUTENBHBIM
pacyeToM IMOJIHOMY M HOPMJIBHOMY BOJOW3MEIICHHUIO CynHA), niauHa 173,3 M, mupuHa 34 M,
npu ocaake (TayOnHa Morpy>XKeHHOW 4acTu Kopiyca cynHa) 8,55 M. MOUIHOCTb IBYX SIEPHBIX
nBuratesneit oyner nocturatb 60 MBT, nnu 81577 1n.c., mpu ckopocTr Xoja 22 y3 B YHCTOW BOJIE
u 12 y3 mo npay. HoBble nemokombl OyayT ocHaieHsl 2 aaepusiMu peaktropamu PUTM-200 (Bo-
JIO-BOJISTHOM SIIEPHBIN PeakTop). ABTOHOMHOCTh IIJIaBaHbsl OyJIET JOCTUTaTh 7 JIeT (mepe3arpyska
TOIUIMBA), 6 MecALeB (10 3armacam MPOBU3HUH), SKUIAX 75 UeTOBEK.

Ho 5T0 He mocneaHuii MpOeKT JIETOKOJIOB Ha AJaHHBIM MOMEHT. ClieIyIoIMMU TaKUMHU Cyaa-
MU OyayT aToMHble Jeaokonbl mpoekta 10510 «JIumep» (JIK-1205). V 3TuX 1e10K0I0B Kapau-
HaJIbHO U3MEHMTCS BCE BIUIOTH 10 AW3aliHA CAMMX CYJOB. Y BEJIUYMTCS UX BOJOU3MEIICHUE, 1IU-
Ha, IIMPUHA, OCAJIKa, SKUMaX W T.A. [ 1aBHOW 3amadeil MaHHBIX CyAO0B OyAeT: KPYTJIIOCYTOYHOE
oOecrnieyeHne HaBuranuu 1no CeBepHOMY MOPCKOMY IIYTH U MPOBEACHUE IKCIICAUIINIA B APKTHUKY .

Tem caMbIM JaJIbHOCTh MX IUIABAHMSI MOYKET CTaTh HEOIPAHMYEHHOH. 3a CUET YBEIUYEHHUS
HIMPHUHBI KOpIyca MpeiaraeTcs NpoBeAeHNEe KPYIMTHOTOHHAXHBIX CY/I0B.
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IlepeBo3Kka onacHbBIX IPy30B

Annomayus. MopcKue epeBO3KH IPy30B — CaMblii BaXKHBIN BUJ TpaHcropTa B Mupe. O0bem
MOPCKHX MEPEBO30K I'Py30B SBIISETCS MOKA3aTelIeM COCTOSIHUS MHPOBOW SKOHOMHKH. Mop-
CKas MPOMBILUIEHHOCTh XapaKTEPU3YETCs IOCIEN0BATENBHBIM POCTOM MOPTOBBIX MOIIHO-
CTell U yBelIMueHUEM 00bEMOB MIEPEBO30K, B TOM YHUCIIE OMACHBIX IPY30B.

Knrouesvle cnosa: onacHble Tpy3bl, 0€30MaCHOCTh MOPETUIABAHUS, aBAPUIHOCTD.

Valeria A. Snopova

Far Eastern State Technical Fisheries University, UTb-212, Russia, Vladivostok, e-mail:
pillers@mail.ru

Scientific adviser — Ekaterina E. Solovieva, Senior Lecturer

Transportation of dangerous goods

Abstract. Sea freight is the most important mode of transport in the world. The volume of sea
freight is an indicator of the state of the world economy. The maritime industry is character-
ized by a consistent growth in port capacity and an increase in the volume of traffic, includ-
ing dangerous goods.

Keywords: dangerous goods, navigation safety, accident rate.

Mopckue nepeBo3KU Ipy30B — CaMblil BaXXKHbIN BUJ TpaHcnopTa B mupe. B 2015 r. Ha ero no-
mo npuxoamiock 6onee 80 % MUPOBBIX Ipy3onepeBo3ok. OO0beM MOPCKUX MEPEBO3OK I'PY30B
ABJIIETCS IT0OKA3aTEJIEM COCTOSIHUSI MUPOBOM SKOHOMHUKH. MoOpcKasi IPOMBIIIIIEHHOCTh XapaKTe-
pHU3yeTcs MOCIeA0BaTENbHBIM POCTOM MOPTOBBIX MOIIHOCTEH M yBEIUYEHHEM O0BEMOB IEPEBO-
30K, B TOM YHCJIE OIACHBIX I'PY30B.

[TepeBo3kn OMACHBIX I'Py30B PAcTyT KaK M0 KOJINYECTBY XUMUYECKUX BEILECTB, TaK U MO 00-
meMy o0beMy rpy3oB. B HacTosiee BpeMsi KOJIMYECTBO pa3IMYHBIX ONACHBIX IPY30B U COETUHE-
HUH OLICHMUBAETCS B THICSYU. MOPCKUE NEPEBO3KH 3THUX I'PY30B OCYILECTBISAIOTCS HACBIIBIO U B
YIaKOBaHHOM BHJIE.

IlepeBo3ka onmacHBIX I'py30B, KaK IIPABHJIO, CONPSDKEHA CO 3HAYMTEIBHBIM YPOBHEM DHCKa,
KOTOPBII MOXKET 3aBUCETh OT LEJIOro psiaa (hakropoB. be3onacHOCTD ABISETCS OHON U3 TTIAaBHBIX
3a00T BO BCEX BUJAX JEATEIBLHOCTH, CBSI3aHHBIX C NMEPEBO3KOM omacHbIX rpy3oB. K karactpodu-
YECKUM IOCIIEICTBUSM BO3MOXKHOM aBapuy OTHOCSTCS: THOEIb JIIOJIeH, TPaBMBbI, SKCTPEHHAs! 3Ba-
Kyalusi, MaTepuaIbHbIN yiiep0 u yimepo oKpyKaromen cpeje.

Be3onacHOCTh Ha MOpE MPH MEPEBO3KE OMACHBIX TPY30B 3aBUCUT OT (PaKTOPOB, CBA3AHHBIX C
TEXHOJIOTMEW M OpPraHM3alMel NMEePEBO3KH, a TAKKE IOATOTOBKOW JKMIIAKa K BBIIIOJIHEHHIO I10-
CTaBJICHHOH 3a/1a4H, 00YCJIOBICHHON KOHKPETHBIMU YCIOBUSMH TPY/a.

HexoTopple U3 ONAaCHBIX XMMHUYECKUX BELIECTB XapaKTEPU3YIOTCS BO3ACHCTBHEM Ha OKpY-
KAIOLIYIO Cpedy IpH NONaJaHuM B BOAY MM BO3AyX. lIepeBo3ka omacHBIX rpy30B U MaTepUaioB
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MOJKET OBITh CBSI3aHA C aBAPUSMU, TPUUUHSIONIUME yIIepO OKpY’Kalollel cpesie Ha MPOTSKEHUU
BCEro Ipolecca MepeBO3KH, TAKOTO KakK MOrpy3Ka, pasrpy3ka U XpaHeHHe.

[ToTeHunanbHBIC TOCIEACTBUS aBAPUH: MOKAPHI, B3PHIBBI, BBIOPOC TOKCUYHBIX ra30B, yTeUKa
OTIACHBIX BEIIECTB.

Kaxxnas aBapus cBsi3aHa ¢ HECKOJIBKUMU BUAAMH U3/IEPIKEK:

- ru0enb, paHeHue WK THOb JII0JIeH;

- pacxopl, CBSI3aHHBIE C BOCCTAHOBJICHHEM CYI0B U 000PYIOBaHUS;

- SKOHOMUYECKHE TIOTEPH U3-3a NMPEPHIBAHUS WM 3aMEIJICHUST 00beMa TIEPEBO3UMBIX TPY30B;

- yOBITKH, BBI3BAaHHBIC 3arpsi3HCHUEM OKPYKAIOMIEH Cpeibl, BKIIOYas BOCCTAHOBJICHUE
yliepoa;

- IOTeps pemyTaluH CyJ0X0JHOM KOMITaHUH.

B nocnennue roapl CTOUMOCTD yliepOa OKpy Karolllel cpesie 3HaYUTeNIbHO BO3pOcCiia, MpruieM
HU OJIUH aHAJIU3 OKOHYATEIBHO HE MPOSICHUI MPUINHY 3TOTO YBEIUYCHUS.

OpnHol M3 MOTEHUUATBHBIX MPUYHUH ITOTO SBISETCS YBEIUYCHHE MOPCKHX MEPEBO30K OMac-
HBIX ¥ BPEIHBIX TPY30B 10 BCEMY MUPY 32 MOCIEIHHUE JECITHICTHS.

DBOJIOIUS MOPCKOTO TPAHCIIOPTA, HA KOTOPYIO TOBIUSUIM HOBBIC TPY3bl M HOBBIE METOJIBI
MIEPEBO3KH, MOSBUINCH HOBBIC, HE BIIOJIHE TIOHSATHBIC BUBI OMACHBIX TPY30B. MOXXHO OTMETHUTH,
YTO OOJIBIIOE KOJMISCTBO OIMACHBIX TPY30B MIEPEBO3UTCS KOHTCHHEpaAMHU.

[IpaBuna UMO onpenensitoT yciaoBHUs NEPEBO3KM M MOMOTAalOT BBIJCIUTH ONACHBIE I'PYy3bl,
TpeOyromre 0coboro yxoaa, 0JHAKO HEKOTOpbIe HOBBIE I'Py3bl HE BXOJAT B 3TU MpaBuia. Takum
00pa3oM, BOZHUKAET HOBBIA TUI 3KOJOT0-3KOHOMHUYECKOTO PUCKA, KOTOPBIA CTaBUT Mepea MOp-
CKHUM TPAHCIIOPTOM HOBBIE 33/1a4H.

HNudopmanus snsieTcss Hauboee BaXHBIM (aKTOPOM MPU MEPEBO3KE OMACHBIX TPY30B.

[TapameTpsbl, KOTOpPBIE HEOOXOJUMO YUUTHIBATH MPH MEPEBO3KE:

- u3uveckue CBOMCTBA TPy3a;

- XUMHUYECKHE CBOMCTBA;

- YIIaKOBKa;

- popma TpaHCIOPTHUPOBKH;

- XpaHCHHUE;

- o0paboTkKa;

- cerperarus;

- KB (pUKaIKS SKUTaXa,

- IOTOIHBIE YCIIOBHS;

- COCTOSIHUE MOPSI;

- TEPPOPHU3M.

OcHOBHbBIEC MPUYHMHBI aBAPUI C OMACHBIMH Tpy3aMU 10 OTIPABICHUS CyJHA MOXHO pasie-
JUTHh Ha HECKOJIBKO KaTerOpuil:

- neeKThl yIaKkoBKM M OIIMOKM HAIOJHEHUS: PAaHEE CYIIECTBOBABIIUE MOBPEKICHUS, KOP-
po3usi, neeKTHbIC KOMITOHEHTHI WJIH yCTPOMCTBA, TIEPETIOTHEHNE, HECTAOMIBHOCTh TPY3a;

- TUIOXO€ KperuieHne, ukcaius u OJIOKUPOBKa;

- HeHaJyIeKalasl yKjaaKa v cerperamus rpysa.

Jpyrumu ¢pakropamu, onpeAensomuMu 0€300acCHOCTh TPAHCTIOPTUPOBKH, SIBIISIOTCS MOTO/-
HBIE€ YCJIOBHSI M COCTOSTHUE MOPS: TeMIIepaTypa, BETPOBbIC TEUCHHUS U BOJIHBI, a TAKXKe YelloBeue-
CKas OIMOKa WIH HEOPEKHOCTb.

Cpeaut MHOTHX TIPUYUH, 0 KOTOPBIM MIPOUCXOISAT UHIMICHTHI Ha OOPTY, OJTHOM U3 Hanboee
pacipoCTpaHEHHBIX SIBISETCS HEACKIAPUPOBAHHE HOBBIX BemlecTB. OMacHOCTh HE OOBSBISETCS
M3-32 HEXBATKH BPEMEHH Ha UCIBITAHUS, OTCYTCTBUS 3HAHUS O TPy3€ WU JIOKHOE TPEIONI0NKe-
HUE O TOM, 4TO TPY3 HE KIIACCUDUITUPYETCS KaK OTIACHBIH.

HeoObsiBrieHHBIC OMAcHBIC TPy3bl HE MOTYT OBITH TPABHILHO YJIOKEHBI WM 0OpaOOTaHBI
OKHUIIAKEM HJIU TOPTOBBIM IEPCOHAJIOM, €CIIM HE W3BECTHO OO0 MX OIMACHOCTH, M ITO SBISETCS
mpo0eMoil o0ecreueHus: 6€30MacHOCTH.

XUMHYeCKHe BEIIeCTBa, MEPEBO3UMBIE MOPEM, MOAPA3IEISIOTCS Ha JAEBSITh KJIaccoB (B3pbI-
BOOIIACHOCTb, PaJHOAKTHBHBIC CBOWCTBA, BOCIUIAMEHAEMOCTh, TOKCHUYHOCTb, KOPPO3UPYEMOCTH,
PEaKTUBHOCTbH, MH(EKIIMOHHAS OMACHOCTh BEUIECTBA U HKOJIOTMYECKask OMACHOCTb.)
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B nocnennue roasl Bce Ooiiblliee BHUMAHUE YAEISETCS CHUKEHHIO BO3AECHCTBHS ONMACHBIX
IPY30B Ha OKPY>KaIOIIyIO CPEy.

[lepeBo3ka omacHbIX Ipy30B AOJKHA OCYLIECTBISATHCS B COOTBETCTBHM C JEMCTBYIOIIUMH
NpaBUJIaMH{, HANPaBICHHBIMH Ha CHW)KEHUE IOTEHIHAIBLHOIO Bpeda JIOASM, HMYILIECTBY H
OKpY Karollel cpesie, KOTOPbIil MOKET BOSHUKHYTh B Pe3yJIbTaTe BbIOPOCA OMACHBIX IPY30B.

B otBet Ha 3T0 MexayHapogHas MOpCKasi OpraHu3alys yCTaHABIMBAECT MEXaHU3M JUISI KOM-
HaHWU U CY/I0B 110 MOBBIIEHUIO 3 (HEKTUBHOCTH NIEPEBO30K 3TUX I'PY30B.

[IpaBoBbIE aKThI B 00JIACTH MEPEBO3KU OMACHBIX TPY30B JIENIATCS Ha HECKOIBKO TPYTIIL:

- IPABOBBIE KT, PErYIUPYIOLIUE JESITEIHOCT M0 IEPEBO3KE ONACHBIX IPY30B;

- IPaBOBBIE AKThI, O0ECTIeYNBArOIINE 0€30MaCHOCTb;

- IpaBuJIa pabOTHI C OMACHBIMHU TPY3aMU;

- IPaBOBBIC AKTHI, KACAIOIINEC TEXHUYECKHUX MPOOIIeM;

- IpaBMJIa TOATOTOBKU M aTTECTALMM NIEPCOHANIA, CBSI3aHHOTO C NIEPEBO3KOM OMACHBIX I'PY30B;

- TIPaBOBbIE AKThI, IPUMEHSIIOIINE OTBETCTBEHHOCTh 3a HapyIlIeHHE MpaBui paboThI ¢ omac-
HBIMU T'Py3aMHu;

- IPaBOBBIE AKTHI, IPUMEHsIEMbIE B 001aCTH OXpaHbl OKPY>KaroIiei Cpeibl.

HanOonee BakHBIMU MEKAYHapOIHBIMU KOHBEHLUSAMH, KACAIOLIMMHUCS MOPCKON MEPEBO3KU
OTIaCHBIX IPY30B B yIaKOBaHHOM Buje, siBistorcs kKouseHuuu COJIAC-74 u MAPIIOJI 73/78.

BaxHo, 4T0OBI IIpH MEpPEeBO3KE ONACHBIX I'PY30B COOTBETCTBYIOLIUI NMEPCOHAN U MEPCOHAI
CKJaJa TMOJIy4add COOTBETCTBYIOIIME HHCTPYKIMH O COOTBETCTBYIOLICH OIMACHOCTH M Mepax
IIPEJOCTOPOKHOCTH, KOTOPbIE HEOOXOAUMO MPUHSATS.

JIuna, yyacTBYIOIIHME B TIEPEBO3KE YIIAKOBAHHBIX OMACHBIX I'PY30B, JOJLKHBI COOIIOAATH Mpa-
Buina MKMIIOT'.

UTtoObI ciie10BaTh 3TUM MpaBUJIaM, COTPYIHUKHU TOJDKHBI poiiTu oO0ydyenue. Crneayer obec-
IIEYUTh MOJrOTOBKY BCEX WIEHOB HKHUIIAXKa, KOTOPHIE YYaCTBYIOT B HKCIUTyaTal[MM ONACHBIX IPY-
30B M 00pallleHNH ¢ HUMHU B paMKaxX CBOEH OlepaTHBHOM OTBETCTBEHHOCTH.

[TocTosiHHO yBETMUYMBAIOIIASCS MOPCKas MEPEBO3Ka OMACHBIX TPY30B MPHUBOAMT K yBEJINYE-
HUIO BEPOSTHOCTU HEKOHTPOJIUPYEMOI'0 BBIOPOCA 3THUX IPY30B B MOPCKYIO Cpey.

Crnenyer mpu3HaTh, YTO YJIyYIICHHE YCIOBHI MEPEBO3KH OMACHBIX TPY30B BHECET LIEHHBIN
BKJIa/l B CHU)KCHUE BO3/ICUCTBHS Ha OKPYXKAIOILYIO Cpely M CHWXKEHHE pHucKa aBapuil. CHUXKEeHue
HKOJIOTHUECKUX PHUCKOB, CBS3aHHBIX C MEPEBO3KOM OMACHBIX I'PY30B, JODKHO OCYIIECTBIISATHCS
IyTeM YCTAHOBJICHMS TIIATEIbHBIX M 3PPeKTUBHBIX npoueayp. HeoOXxoauMo npuHATH MEphI CO-
BEPIICHCTBOBAHKE CTaH/IAPTOB, KOTOPBIE 0OecIeyar MpUeMIIeMbIi YPOBEHb KOHTPOJIS OTIACHOCTH
OMaCHBIX IPY30B JUIS JI0/IeH, UMYILIECTBA U OKpY KaloIIel cpebl
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Be3onacHocTh MopenJiaBaHus NMPH OCYNIECTBIEHUH KOHTEITHEPHBIX NMEePEBO30K

Annomayus. AKTyarabHOCTb T€Mbl OOYCIIOBJIEHA T€M, YTO MOPCKHE MEPEBO3KU OTHOCSITCA K
YHCIy CcaMbIX (QQEKTHUBHBIX COBPEMEHHBIX CIIOCOOOB IMEpEMEIIEeHUs] Ipy30B Ha OoJbllne
paccrosHus. JlocTaBka MOpeM cama 1o ce0e AeleBiie ApyruX BUJOB TPAHCIIOPTA, a MOPCKUE
KOHTEHHEpHbIE NEPEBO3KU AAI0T elle OoJbliee yAeUIeBIeHHE 32 CUeT OBICTPON MOrpy3KU U
pas3rpy3KH.

Kniouesvie cnosa: koHTeHEpHBIE IEPEBO3KH, OE30MACHOCTh MOPEIIaBaHUs, ABAPUHHOCTb.

Aleksandra S. Silko
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Scientific adviser — Ekaterina E. Solovieva, Senior Lecturer

Safety of navigation in the implementation of container transportation

Abstract. The relevance of the topic is due to the fact that sea transportation is one of the
most effective modern methods of moving goods over long distances. Shipping by sea itself
is cheaper than other types of transport, and sea container shipping gives even more cost sav-
ings due to fast loading and unloading.

Keywords.: dangerous goods, navigation safety, accident rate.

KoHTeliHepoBO3bl — THUI TPY30BBIX CYJOB, KOTOpPBIC TPOU3BEIH PEBOIIOIHMIO B CIIOCOOaX

TPaHCIOPTHPOBKH I'Py30B IO BCEMY MHUPY, oOecrieunBasi 0e30MacHOCTb U COXPAaHHOCTD TPy3a.

KOHTGfIHGpOBO?;I:I SABIAIOTCA OOJHHUMHU U3 CaMbIX OO0JIBIIINX KOFI[a-J'II/I6O IMOCTPOCHHLIX CYIOB,

MO3TOMY Pa0OTHUKH KOHTEHHEPOBO30B OEpyT Ha ceOs OOJBIIYI0 OTBETCTBEHHOCTh. Ecim ObI
OJIMH U3 CaMbIX OOJBIINX KOHTEHHEPOBO30B CTOSAJ BEPTHKAIbHO, OH ObUI ObI BbIlIE DMMaip —
CTEUT — OUIAMHT (€ro BbICOTa cOCTaBIsAET 443 M).

Ha mr000m KoHTEeHHEpOBO3€ BOMPOCHI 00ECIIeUeHUsI O€30MACHOCTH CTOAT Ha IEPBOM MECTE
OcHOBHOI 3amaueil sBIsETCS OOECIEYeHHE COOTBETCTBYIOUIEH OCTOMYMBOCTH CyAHA TIPH

pa3IMYHBIX BapuaHTax 3arpy3ku. HapylieHne oCcTOMYMBOCTH KOHTEWHEPOBO30B, KAaK IPABUIIO,
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MIPOUCXOUT TIOJ BO3JEHCTBUEM CIIOKHOTO B3aWMOJCUCTBUS HECKOMBKHUX (DAKTOPOB — IIKBAJIHU-
CTOTO BETpa, HEPETYJSIPHOIO MOPCKOT'O BOJHEHHUS, TUHAMUKH KUJAKOCTH BO BHYTPEHHHUX MOME-
HICHUSIX ¥ OTCEeKaX CyJHa, BUOpammii Tpy3a Ha maixyOe, a TaKKe CII0KHON TWHAMUKU CyJHA MPU
CMECTHBIIEMCS TPY3€.

ABapu, CBsI3aHHBIE C MOTEPEl OCTOMUYMBOCTH, PA3AEISAIOTCS HAa TPU TPYMIBL: BHE3AITHOE
ONPOKH/IbIBAHKE, IOCTEIIEHHOE HAKPEHEHHE U 3aTorieHue ¢ kpeHoM. [Ipumepno 50 % aBapuii oT
IIOTEPU OCTOMYMBOCTH IIPOUCXOIUT BHE3anHO, 31 % — B pe3ynbTrare MeIJIEHHOIO HAaKpEHEHUs,
19 % — ot 3aTonneHus ¢ KpeHoM. [I0HOCTBIO cIacTH AKUIAXK yAAaeTcsa TOIbKO B 29 % ciydaes
rudeny CyZoB OT onpoKuabiBanus. B 23 % cimyyaeB skumax morudaeT moiHOCTHIO .

ABapuu ¢ y4acTueM KOHTEHHEpOBO30B MOT'YT IPOU30MTH M0 JIt0OOMY KOJMYECTBY MPUYMH,
OT YEJIOBEYECKOM OIMOKHU JJ0 BHE3AMHBIX LITOPMOB.

CornacHo 12-neTHemy uccienoBaHHIO, IpoBeAeHHOMY B nepuoxa c¢ 2008 r.mo 2019 r., B
cpemHeM exeroaHo tepsiercs 1382 koHTeitHepa.

B 2019 r. B pe3ynbpTaTe MOpCKUX aBapuii moru6so 2118 yenoBek u cymma CTpaxoBbIX YOBIT-
KOB coCTaBWIa 783 MUJUIMOHA JOJIJIapOB.

B saBape 2007 r. cyano MSC Napoli monano B cuneHbIi mTopMm B Jla-Manme. [Tprunnoi
aBapUITHOM CUTYyallMy CTajla HeTpaBHiIbHAas 0aIacTUPOBKA CyIHA — IIPH BBITPY3KE B TPIOM Uepe3
rpy30ByI0 ManyOy cTaja moctynarh Bojaa. K Tomy BpeMeHH, Kak 3TO OBbLIO 3aMeYeHO, KPeH J0-
CTUT KPUTHUYECKON BEIMUYUHBI, U CYTHO NIEPEBEPHYIIOCH.

B mapre 2007 r. B mopTy AHTBEpIIEHa BO BpeMs 3arpy3Ku MEpeBEpHYJICS U 3aToHYI 216-
METpPOBEIN KOHTeiHepoBo3 Republica di Genova, mpuHAIeKAIWA AHTIMHCKOW KOMITAHUU
Grimaldi Lines.

B 2015 r. xonreitnepoBo3 ElFaro Obu1 motoruieH y OeperoB baramMckux ocTpoBOB TpH IO-
IBITKE IPE0A0JeTh yparan XoakuH. [IpuunHoil jaHHON aBapuu OBLIM IOTOIHBIE YCIOBUS, KOTO-
pble IPUBENN K OTEPE OCTOMYUBOCTH.

B mapte 2018 r. B ApaBuiickom Mope Ha 00OpTy KOHTeiHepoBo3a Maersk Honam Hagamcs
MO’Kap, KOTOPBIM MPOJOJIKAJICS HECKOJIBKO CYTOK. B3sITh OroHb MOJ KOHTPOJb YJANOCh JIUIIb
cinyctsa 5 nHei. UeTbipe wieHa 3KUNaka CYUTAIUCH MPOMABIIUMU O3 BECTH, OCTAHKH TPOUX M3
HUX OBLTU HaMJIEHBI IOYTH Yepe3 HEEIIO.

[IprurHOM BO3HMKHOBEHUS MOKapa Obljla HEMpaBUIIbHOE KperieHne rpy3a. KoHTeiHeps! co-
JepKaiu B cede XMMHUYECKHE BEIlleCTBa, B pe3ysbTaTe MaJleHUsl KOHTEHHEPOB MPOU30IILIa XUMHU-
yecKasi peakiiysi, B pe3ysibTaTe 4ero U BO3HUK MOXKap.

ITo manapiM Maersk, Ha 6opty Haxomuiock 7860 xoHTeiHEepoB. CoolOmIaeTcs, 9To Mpou30-
1a MojaHasi Tu0elb KOHTEHHEPOB, HAXOIUBIIMXCS B MEepeIHUX TpioMax. KoHTelHephl, KOTopbie
HaXOJMJIMCh B KOPMOBOI YacCTH, MOJIY4YHIIU CYIIECTBEHHbIE TTOBPEXKICHUS.

B suBape 2019 r. mpouzonuia ouepeaHas apapus ¢ KOHTEHHEPoB0o30M. OIMH 13 KPYITHEUIITNX
KOHTeHepoB0o30B B Mupe MSC Zoe motepsia okojio 270 KOHTEHHEpOB MpHU MEPEX0/ie B aKBATO-
pun CeBepHoro mops. B Tpex koHTeliHepaX XpaHUIIUCH STOBUTHIC U B3PHIBOOIIACHBIC OpraHUYe-
CKHE MEPOKCU/IBI.

2020 r. cran katacTpouuecKuM JJisi OOJTBITMHCTBA JIFOJACH BO MHOTUX OTHOIICHHSX, U BECh
MUpP OXBaTWJI CyMacHIeAIIHi 1myM mo pasHbiM npuunHam — COVID-19, mopckue karactpodsl,
HEXBaTKa MecTa U 000pyAOBaHUs, HEOOBIUYHBIE (PPAXTOBbIE CTABKU M OKa3aBIIHUECS B 3aTPyJIHU-
TEJIHHOM MOJIOKEHUU MOPSIKU.

Bo Bpems mocnennelr Mmopckoit katacTpodsl KOHTeHHEpoB03 One Apus moTepren MHOXKe-
CTBEHHOE 00pyIIeHue mTabeneil Ha 0OpTy M3-3a CYpOBBIX MOTOJIHBIX YCIOBUH, KOTJa CYTHO Clie-
nosano n3 Kurag B CIIA.

Coo011anoce, 4To CyJHO CTOJKHYJOCHh C YparaHHbIM BETPOM U OONBIIMMH BOJHAMH, B pe-
3yJabTaTe 4ero okoso 1816 KoHTeiHepOB ObLTH MOTEPSHBIL.

[Ipeanonaraercs, uro 40 u3 3tux 1816 KOHTENHHEPOB NEPEBO3UIH OMACHBIE TPY3HI.

[TpuHrMast BO BHUMaHHE KOJIMYECTBO MOTEPSHHBIX KOHTEHHEPOB, HKCIEPTHI CUUTAIOT, YTO
ATOT MHIMUIEHT Ha One Apus MOXET cTaTh caMOW Y»acHOW KaTacTpodoil KOHTeilHepoBo3a 3a
BCIO HCTOPHIO C IOTEHIIMATBHBIMU MOTEPSIMHU U PACXOJIaMU B COTHU MUJLTHOHOB.
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B 2021 r. rurantckuii koHTeiHepoBo3 EverGiven mnmuHoN B 4deTbipe (PyTOONBHBIX OIS
BKIHMIICS yepe3 Cysukuii kaHan B Erunre, 3a010KkupoBaB OJIMH U3 CaMbIX OXKHMBJICHHBIX TOPIO-
BbIX MapuipyToB B Mupe. Oxoiso 12 % MupoBoil Toproiau npoxoaut yepe3 Cys1Kuid KaHaj, KO-
TophIil coequnseT Cpenuzemuoe Mope ¢ KpacHeiM MOpeM U o0ecrieunBaeT KpaTJaifiiee MOpCKoe
coobmienne mexay Asueit u EBponoii. biiokupoBka mpuBena Kk pocTy IieH Ha HeTh HA MEXKTY-
HApOJAHBIX PbIHKAX U KOJIOCCAJIbHBIM 3KOHOMUYCCKHUM ITOTCPAM.

B 3akmrouenue xorenoch Obl cKa3aTh, UYTO MPUBEICHHBbIE MPUMEPHl aBapUUHBIX CUTYyalUN
MO3BOJISIIOT CAENaTh BBIBOJ O TOM, UTO JJIsi 0OecrieueHus: 0e30MacHON TPaHCTIOPTUPOBKHU I'PY30B
KOHTeilHepaMu, He0OX0IMMO MOCTOSTHHOE CIIeKEHHE 32 OCTOMYMBOCTHIO Cy/JHA, HAYUHAS C IO-
IPY3KH Ipy3a B IOPTY, HAAECKHOIO U MPABWIHHOIO KPEIJICHUS, TaK U BO BpeMs HAXOXICHUS B
Mope.

Bubanorpapuyeckuii cnucox

1. MexayHapoaHbId KOJIEKC MOPCKOW TepeBO3kH omacHbiXx rpy3oB (MK MOIIOT). CII6.:
[MHNNM®, 1996. 1200 c.

2. CuonkoB B.W. Texnomorus nepeBo3ku rpy3oB mopeM. CII6.: Mup u cemss, 2001. 560 c.

3. Tpouukas, H.A. TpaHCHOPTHO-TEXHOJIOTMYECKUE CXEMbl MEPEBO30K OTIEIBHBIX BUIOB
rpy3oB / H.A. Tpounkas, M.B. [llunmumos. M.: KuoPyc, 2010. 232 c.

4. IupsieB, C.A. TpancropTHble U MOTPYy304HO-pa3rpy3ounbie cpenctsa / C.A. Iupses,
B.A. I'ynkos, JI.b. Mupotun. M.: I'opsiuas nunus — Tenexkom, 2007. 848 c.

15



Cexnus 2. CYJJOBBIE DOHEPTETUYECKHUE YCTAHOBKH
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Bausinue (popMbl KaHAJIa HA CTPYKTYPY ra30BOr0 MOTOKA

Annomayusi. BIICHSIOTCS CTPYKTYpbI IOTOKA ra3a B 3aBUCMMOCTHU OT Pa3HbIX TUIIOB U yCIIO-
BUH KaHaja ¢ [eJIbI0 JaJbHEHUIIEero MPOSeKTUPOBAHUS TYPOUHBI.
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Influence of the channel shape on the gas flow structure

Abstract. The aim of the work is to find out the structure of the gas flow, depending on the
different types and conditions of the channel. For the purpose of further design of the turbine.

BBenenue

B cynoBoii sHepreTuke BCrioMoraTelibHble TYpOUHBI 3aHUMAIOT I0CTaTOYHO OOJIBIIYIO JIOJIO.
[TprueM 3TO He TOJIBKO Ta30BbIE TYPOHMHBI, KOTOPBIE UCIIONB3YIOTCS B arperatax Haanysa JIBC,
HO M BCIIOMOTaTeNbHble MapoBble TypOuHbL. OCOOEHHO aKTHBHO HCIIOJIb30BAHHE MAPOBBIX TYp-
OMH CTaJlo MPOSBIATHCS C BHEAPEHUEM Ha ()IIOTE BHICOKO()OPCUPOBAHHBIX ABUTaTEIEeH BHYTpPEH-
HEro CropaHus. JTO CBSI3aHO C TEM, UYTO 3HAUYUTEIBHO BO3pOCia SHEPrUs BBIMYCKHBIX Ia3oB Cy-
JOBBIX BBICOKO(opcupoBaHHbIX JIBC. DTH Ta3bl MOCTYNaOT B yTUIN3AIMOHHBIE KOTJIBI, TJ€ MO-
Jy4aroT Hap, UCIOIb3yeMbIi Yallle BCero B yTUIU3AlMOHHBIX TypOOreHepaTopax, Wik TypOoHa-
cocax. A Bc€ 6ojee MUPOKOE MPUMEHEHUE TaKUX TYPOWH MPEIABIBISIET U 00Jiee )KeCTKuEe Tpedo-
Banus K ux KIT/I.

Kax u3BectHo, 1y Toro uro0bl TypOuHa umena MmakcuMainbHblii KI1/1, HyHO, 4TOOBI Kax-
nasi JomaTka pabouero koseca cosjaBajia IMOJIE3HYIO padoTy, T.e. MOTOK Mapa JOJKEH IOJBO-
JTUTBCS TI0 BCeH OKpykHOCTH pabodero koneca (PK). Ecnu cpaBHMBaTh TypOWHBI IPU OJIMHAKO-
BBIX CPEHHX AHAMETpax, TO Y TYPOUHBI C MEHBIIIEH MOIIHOCTHIO, TIPU MOJTHOM IO/IBO/Ie pabouero
TeJa, BHICOTA JIOMATOK JTOJKHA OBITh YMEHbIIIEHA TPONOPILIMOHAIBHO YMEHBIIEHUIO MOLTHOCTH.

OT0 3HAYUT, YTO OOJBIIAS YACTh MOTOKA OYJIET YXOAWUTH B 330D, CYIIECTBEHHO YMEHBIIAS
KIIJ. Taxxxe u3-3a mManaoil BBICOTHI JIONATOK OYEHb CHJIBHO BO3PACTYyT KOHIIEBBIE MOTEPHU, YTO
emé 6onpue ysenuuut norepu KIIJ[. B Takux TypOuHax yMeHbIIEHHE TPOXOAHOTO CEUEHHsI CO-
nejl JOCTUraeTcs He 3a CUET YMEHBILIEHHUS MX BBICOTHI, a 32 CUET YMEHBILIEHUS MX KOJIUYECTBA,
IIPU COXPAHEHUU ONTHUMAJIbHBIX F€OMETPUUYECKHUX MapaMeTpoB. B TakoM ciyyae moaBoj mapa K
pabouemy KoJiecy OyZeT MPOU3BOAUTHCS HE MO BCEH OKPYKHOCTHU, a TOJIBKO HAa TOM OTpE3Ke Ay-
I', HA KOTOPOM PacIoJIOKEHbI coryia. Takue TypOMHBI Ha3bIBAIOTCS NapLUalbHBIMU. A crermne-
HBIO MApLMAJbHOCTU Ha3bIBalOT OTHOLIEHUE [JIMHBI AYI'M OKPY’KHOCTH, 3aHATOM KaHalaMu
COIUJIOBOM pEIIeTKH, Yepe3 KOTOPhIE OCYIIECTBIAETCS AOCTYI Mapa K pabodeil pemeTke, K o0mei
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JUTMHE OKPYXHOCTH, OTIPEIEIIIEMON 10 CPeAHEMY IUaMETpPy e=z1t1/(7dcep). Y mapuuaibHbIX Typ-
OuH mose3Has pabora co3aaéTcs TOIBKO Ha aKTUBHOM Ayre pabouero KoJjeca.

Bce mapruanbHbie TypOMHBI A€IAIOTCS TOJIBKO aKTHBHOIO THIIA, €€ HENb3S JelaTh PEaKTHB-
HOM, MOTOMY YTO M3-3a HaJMYHS Iepernaaa JaBlIeHus Ha pabodeM KoJiece TOTOK 3a COTUIaMH TYT
)K€ pacTeuéTCsl Ha HEAKTHBHYIO IyTy W IMEpernaj Ha pabodyeM KOJeCe UCUE3HET, HO C OOJIBIIUMU
MOTEPSIMH.

1. IloTepu KHHETHUYECKOM IHEPIUH OT NAPLUHAJILHOCTH

[ToTepu KMHETHYECKOW SHEPTHUU OT MAPIUAIBHOCTH (B JajbHEHIEM JAJsi MPOCTOTHI Oyaem
HA3bIBaTh X MPOCTO MOTEPSMH ), MOKHO MOJIPA3ACIUTh Ha PSAJ OTACIbHBIX OTEPh:

1) moTepu Ha BEHTHIISALIHIO;

2) Ha BBIKOJIAUMBAHUE;

3) Ha BHE3aITHOE PACILIMPEHNE TOTOKA;

4) Ha yTeuKy U I10/ICOC HA Kpasix IyTy BIIyCKa.

Ho ocHOBHBIME MOTEpSMH B MapIUANbHBIX TypOMHAX SBISAIOTCS MOTEPU HA BEHTUIISIIHIO.
Nmenno st GOpbOBI ¢ 3TUMH TMOTEPSMHU pPa3padaTHIBAIOTCS MHOTOYHMCICHHBIE KOHCTPYKIUHU
napruatbHeIX TypOuH. OIHOM U3 TaKUX KOHCTPYKIUH sBisitorcst Typounsl .. Kupunnosa [1].

2. Typounsl U.U. Kupuaiosa

TypOuHaMM ¢ HaMMEHBIIMMH BEHTWISILIMOHHBIMU TOTepsiMU siBIsitoTca Typounsl M.U. Ku-
pHIIIIOBA, U3BECTHBIE KaK TypOuHbl KoHCTpykuuu JIIIN. V Takux TypOUH OueHb Mallblil reoMeT-
pUYEecKHil yroJl ycTaHOBKM conel o1 (B nmpeaenax 3...5%) u 6onbInoii 0THOCHTEbHBIH Iar Joma-
tok PK, mpessitmarommii 1,5 (puc. 1).

A

Niﬂ

Pucynoxk 1 — Cxema ctynean CIIOI'TY ¢ G0IbITHM OTHOCHTEBHBIM IIaroM pabovHX JIOTIATOK:
1 — comuto; 2 — pabouee Koeco

Ecnu cpaBHUTH mapaMeTpbl TpaJuIMOHHON MapluaibHON TypOuHbI U TypOuHbI Kupuiiosa,
TO MOKHO 3aMETHUTb, YTO HE TOJBKO YTOJI OlI, HO U MHOYKECTBO IPYTUX I1apaMETPOB OYEHb CHUIIBHO
OTJIIMYAIOTCS OT ONMTUMANBHBIX. HanmpuMmep, y OOBIYHBIX aKTUBHBIX TypPOMH OTHOCHUTENBHBIN IIar
aonatok 0,55...0,65, a y TypOMH ¢ MajbIM YIJIoM o1 yroi i TOK€ OYeHb MaJl, YTO MPUBOAUT K
O0JIbIION M30THYTOCTH JIOMIATOK M KaK CJIEACTBHE K MOBBIIIEHHOMY OTHOCUTEILHOMY IIary Jiomna-
Tok 1,5...2,5. To ecTb B 3THX TypOMHAax H3-3a HEONTUMAJbHBIX '€OMETPUUECKUX MapaMeTpoB,
JIONIATOYHbIE MOTEPH Topa3o 0oJbIle, 4eM B 0ObIUHBIX TypOuHax. Ho Masnblif yros o mo3Bosser
CYILECTBEHHO YBEJINYUTh CTEIECHb NAapLHAIbHOCTU BIUIOTH 10 1. M1 Kak moka3bIBalOT MCCIEA0Ba-
HUS, TIPA MaJIbIX 3HAYCHUSAX CTENICHHW MaplUaIbHOCTH B OOBIYHBIX TypOWHAX MOTEPH OT MapIu-
aIbHOCTHU OyAyT ropa3ao OoJblie, Y4eM NOTEPU OT HEONITUMAIBHBIX FT€OMETPUUECKUX MTapaMeTPOB
B TypOMHaX C MajbIM YIJIOM 0L1IH, COOTBETCTBEHHO, C OOJIBIINM YTJIOM ITIOBOPOTA MOTOKA.

I'maBHO# mpoGiemMoii TypOuH ¢ GOJBIINM YIJIOM MOBOPOTa MOTOKA sBiIsAIOTCS noTepu B PK.
Jleno He TOJBKO B MPAMOM CBSI3M BEJIMYMHBI KOHIIEBBIX MOTEPh ¢ yriioMm noBopoTta PK, HO u B
CKJIOHHOCTHM Takux Npoduieil K OTPhIBHBIM SBIEHUSM, 4YTO, MOXalyi, emé Oonee BaxHOo. [lo-
TOMY HCCIJIEZIOBAaHUE IPOLIECCOB, MPOUCXO/AIINX B MEXIIONMATOYHBIX KaHallaX TaKuX TypOWH,
ABJISICTCS. BECbMA aKTYaJIbHOM 3aJa4yeil.

3. KpuBouinHeliHbIe KAaHAJIBI OCTOSTHHOTO CeYEeHUs

B cunbHOM30rHYTHIX MexiaonarouHbix kaHamax MPT cTpykTypa motoka CyIeCTBEHHO OT-
JMYaeTcsd OT KapTUHBI TEUYEHUS B MEXKJIONATOYHBIX KaHalax TypOUH TPaJAULMOHHBIX KOHCTPYK-
muii. KITJ{ pemerku npoduiel B 3aBUCUMOCTH OT OTHOCUTEIBLHOM BBICOTHI PE3KO MEHSETCS MPHU
M3MEHEHHUHU BBICOTHI M IPU (PUKCUPOBAHHOM XOpJiE, B TO BPEMs KaK Takas K€ 3aBUCHUMOCTb IIPO-
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TeKaeT OoJiee MOJOTO MpU (PUKCHPOBAHHOW BBICOTE M MEPEMEHHON Xopje. DTO CBSA3aHO, BO-
HepBLIX, C OTpBIBHBIMI/I SIBJICHUAMMU, HeI/I36€)KHO BO3HUKAIOIIIMMHU B TaKHMX KaHallax, H, BO-BTOpLIX,
¢ peo0IalaHreM BIHMSIHUS OTHOCUTEIBLHOM MIUPUHBI JIOTATOK //b HaJl OTHOCHUTEIHLHON BBICOTOM

l/D¢p. 10 BIMSIHUE TPEACTABICHO HA PUC. 2.

1
Ug J\ _ ["7&1/"
,\/://7‘ -1 58 —r
» X —
/', s 38 -
57 //n- -7
g& /I 7 7 /_/Zi————A
!l :a-u 28 (anb/rb/ X)
I ot
] !/ /A%/
{/ /ﬁ
vl i/
g5 10 VERN 4

Pucynok 2 — BnusHre OTHOCHUTENBHOM BBICOTHI JIOMATOK HA IOTEPH
B IUIOCKO# pemerke npoduei (o .U, Kupumiosy)

Ha puc. 3 npeacraBneHsl pe3ynbTaThl U3MEPEHUSI OTHOCUTEIBFHOTO CTATUYECKOTO JaBICHHUS
Ha CTEHKaX KaHaJla ¢ IIaJIKUMHU CTEHKaMH M C TIECOYHOM IIePOX0BATOCTHIO MIPH BHICOTE OYTOPKOB
50 Mkm 1 100 MKM. DmIOpbl CTATUYECKOTO JABJIECHUS MOKA3bIBAIOT, YTO B CPEIHEH YAaCTH MOBO-
pOTHOTO yuacTKa TJAJKOrO KaHala, HauYWHAsg C TOYKU S5, MOSIBISETCS SPKO BBIpAKEHHAs 30HA
1 y30pHOTO TeUeHUs, KOTOpasi, Kak MpaBHII0, COMPOBOKIAETCS] OTPHIBOM IMMOTPAHUYHOTO CIIOS.
[TprueM painbIe MO TMOTOKY T'PATUEHT NABICHUS CHIDKACTCS M OTPHIB JIOKATU3YeTCs, 00pasys
«OTPBIBHOH My3bIph». [IprMeHeHue MecoYyHoil MIepOXOBATOCTU C BBICOTOH OyropkoB 50 MKM
MO3BOJIMWJIO CYIIECTBEHHO CHU3HUTH TPAJAMCHT JABJICHUS B TOBOPOTHOM yYacCTKE, YTO MOXKET CBHU-
JETEeNbCTBOBATh O HEOOMBIION 30HE OTphIBA. A 1IepoxoBaTocTh ¢ Oyropkamu 100 MkMm BooOIIIE

yOpasa OTpbIB U3 IOBOPOTHOT'O y4acTKa.

2 13 14 15 16

Pucynok 3 — PacnipenenieHrie OTHOCUTENBHOTO TAaBICHHUS IT0 CTEHKaM
KPUBOJIMHEHHOTO KaHajla C IMECOYHOU IIEPOXOBATOCTHIO

HpCI[CTaBJ'IeHHHﬁ AHAJIN3 SKCIICPUMEHTAJIBHOI'O UCCIICAOBaHNA TCYCHUA Ia30BbIX IIOTOKOB B
KpPIBOJIPIHCﬁHBIX KaHaJlaX CBUACTCIBCTBYCT O HAJIMYNU B KaHaJIaX OTPBIBHBIX saBienuid. K Hacro-
AMEMY BPEMCHH H3BCCTHO MHOXKCCTBO METOJ0B BO3,H€ﬁCTBPI$I Ha HOI‘paHI/I‘IHHﬁ CIIOM W Ha €ro
OTpPBIB, HO, KaK IpPaBUJIO, BO MHOTHX KOHKPCTHBIX CJIy4dadaX MPUXOIUTCA HNPOBOAUTH HOIIOJIHU-
TCJIBHBIC UCCIICAOBAaHUA C IEJIBIO IMMOJTYYCHHUA 0oJiee MOJIHBIX CBe,Z[eHI/Iﬁ O TCUCHHUHU I'a3a B KaHAJIC

U 0 €r0 CTPYKTYpE.

4. Kongy3opHbie KpUBOJIUHEHHbIE KAHAJIbI
[TpakTHyecku BCEMH MCCIIEOBATENIMU OTMEUYAETCS, UTO B TAKUX KaHaiax HaOOal0TCs OT-

PBIBHBIC ABJICHHA, COITPOBOXKAAOIINECCA 3HAYUTCIbHBIMU MMOTCPAMUA KHHETUYCSCKOM OHCPIHUH. ITo-
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ATOMY NpHU MPOPUITUPOBAHUH KPUBOJIMHEHHBIX KAaHAJIOB 11€7I€CO00pa3HO MPOAHATIM3UPOBATH (Pak-
TOpBI, BIUSIOIINE HA CTPYKTYPY MOTOKA B KaHaje. MI3BeCTHO, YTO OTPHIBHBIC SIBJICHUS B KaHaJax
BBI3BIBAIOTCS TJIABHBIM 00Pa30M COOTBETCTBYIOLIUM COYETAHHEM CTENEHU M30THYTOCTH KaHalla U
cKopocTu noToka. V3 uncna npyrux (GakTopoB, BIMSIONIMX HA BETUYUHY OTPHIBA, MOXHO BBIJIE-
JUTH CTENEHb TYpPOYJIEHTHOCTH MOTPAHUYHOTO CJIOS U CTETEeHb KOH(Y30pHOCTH CaMOT0 KaHala.
[Tox xkoH(Y30pHOCTHIO KaHana Oy/ieM MOHUMAaTh OTHOLICHHE TIONIA/IeH BHIXOJHOTO M BXOJHOTO
MOTNEPEYHBIX CEYEHUN.

PesynbraThl HccnenoBaHus KaHaioB ¢ KOH(py3opHocThIO @ = 0,7 1 @ = 0,5 1 BHEIIHUM paau-
ycoM R>= 32 MM nipejicTaBlieHbl Ha (puc. 4).

o Ny
o

Pucynox 4 — I3MeHeHHe OTHOCUTEIHHOTO IABJICHUS HA CTCHKAX KAaHAJIOB
MIPH PA3IMIHON KOH(PY30pHOCTH

31ech MOXKHO 3aMETUTh, YTO Ul KaHana ¢ @ = 0,5 Ha BBINYKIJION CTEHKE 1O HalpaBJICHUIO
JBKCHHSI TIOTOKA OT TOYKK | 70 TOUkH 5 HAOIIOmaeTcs yCTOHYMBOE KOH(PY30pHOE TeUCHHE. A
Jlaniee BIUIOTH 10 TOYKU 7 HaOIIOaeTcsl CYIIECTBEHHOE yBEIMYEHUE IPaJUeHTa JIaBICHUs, TPH-
BOJIAIIEE K OTPULIATEIILHBIM 3HAYCHUSIM OTHOCHTEIBHOTO JIaBJICHHUS, TIOCJIE YETO JAaBJICHHE BHOBb
CYILIECTBEHHO Bo3pacTaeT. Takoe MOBEJeHHUE JIaBJICHUs, KaK MPaBUIIO, CBUJETEILCTBYET O HaJIU-
YUM OTpBIBA B 3TOM yacTu kaHayia. UTo Kacaercs BOTHYTOM CTEHKH, TO OT Touku 11 1o Touku 14
HPOMCXOIUT POCT AABJICHHUS, YTO TOBOPUT O AU(D(Py30pHOM XapaKTepe TeUeHHs, & yCKOpPEHue Mo-
TOKa HaOJI0aeTCsl B TIOBOPOTHOM YaCTH KaHaJA.

VY kanana ¢ koH(py30pHOCTBIO @ = 0,7 TakuX pe3KUX U3MEHEHUH JaBlieHHUs He HaOo1aeTcs,
YTO TOBOPHUT 00 OTCYTCTBHHU OTPHIBA y BEPIIMHBI BHITYKJIOH CTEHKH. B TO ke BpeMs Ha mepexojie
OT KPUBOJIMHEHHOTO yyacTKa K MPsIMOJIMHEHHOMY B paifoHe Touku 10 oTpuuatenbHble 3HaUEHUS
JTABJICHUS] YKa3bIBAIOT HAa BO3MOXXHOCTH IOSIBJIICHUS JIOKAJILHOTO OTPHIBA, 3aHUMAIOIIETO YaCTh
HOPSMOJIMHEHHOT0 yyacTka. B 3Toil CBSA3U MOXKHO OTMETHUTH, YTO U3MEHEHHE MTapaMeTPOB MOTOKa
B KaHaisie ¢ 4 = 0,7 nmpoucxoaut 6osee miaBHO, 4yeM npu @ = 0,5, 4TO BIIOJIHE COOTBETCTBYET U3-
BECTHBIM IIPEJICTABJICHUSAM O BIMSHUM KOH(PY30PHOCTH Ha XapaKTep TEUEHUs B KaHaJax.

[To pe3ynbpraTtam mccieOBaHUS €IMHUYHBIX KPHUBOJIHMHEHHBIX KaHAIOB MOXKHO CIENaTh Clie-
JYIOIIUE BBIBOJIBL:

1. Uem MeHbIIE cTeneHh KOH(Y30pHOCTH KaHaIa, TEM HI)KE YPOBEHb OTEPh KHHETUYECKOM
HHEPIUU 3a CUET YMEHbUIEHUS 00IaCTH OTPhIBA OTPAHUYHOTO CIOSI.

2. IIpu pa3BUTOM OTPBIBE BTOPUYHBIE BUXPU UTPAIOT MOJOKUTEIBHYIO POJIb B YMEHBIIIEHUH CyMMap-
HBIX IOTECPb DHEPIHUU 3a CUCT CYIKCHUA OTpBIBHOﬁ 30HBI.

BriBoabl

[IpencraBieHHbIN aHATU3 UCCIIEOBAHUS CTPYKTYPBhI MOTOKA B €IMHUYHBIX KPUBOJIMHEHHBIX
KaHajaX TOBOPUT O HAJIWYUHU OTPHIBA MOTPAHUYHOTO CIJIOS, YTO MPUMEHHUTEIHHO K TypOWHAM
camxkaer KIIJ[ paGodero koseca u TypOunsl B 1esioM. [loatomy memecooOpa3HO MPUMEHSTH B
MEXKJIONATOYHBIX KaHAJIaX TypOyIH3aTOphl MOTPAHHYHOTO CIIOS, a TAaK)Ke MCIOIh30BaTh OITH-
MaJIbHYIO CTENIEHb KOH(PY30PHOCTH.
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CHMKeHHe H3HOCA TOIIMBHOM anmapartrypsbl CyA0OBbIX an3eneii Ipu ux paﬁoTe
Ha HU3KOCCEPHUCTBIX MAJOBASKUX TONJIUBAX

Annomayus. TlpoBommioch uccienoBaHHE TPHUOOTEXHUYECKHX XapaKTEPUCTHK CYJIOBBIX
HU3KOCEPHUCTBIX MAJIOBS3KUX NUCTUJUIATHBIX TOIJIMB U MOBBIIICHUE PECYPCHBIX MTOKa3aTe-
Jei TOIUIMBHBIX ammaparyp CyJIOBBIX JBUraTelieil BHYTPEHHEro CropaHus Ipu paboTe Ha
9THUX TOIUIMBAX, 0COOEHHO B YCJIOBUSX BBICOKUX TEMIIEPATypP OKPY>KaIOLIEH CpeIbl.

Artur V. Uskov

Far Eastern State Technical Fisheries University, SMs-412, Russia, Vladivostok, e-mail:
artur19986979@gmail.com

Scientific adviser — Pavel P. Kicha, PhD, Associate Professor

Reducing the wear of fuel equipment of marine diesels when operating
on low-sulfur low-vision fuels

Abstract. The aim of the work is to study the tribotechnical characteristics of marine low-
sulfur low-viscosity distillate fuels and increase the service life of the fuel equipment of ma-
rine internal combustion engines when operating on these fuels, especially at high ambient
temperatures.

BBenenue

TomBHas anmaparypa sBIsSICTCS HanOoJIee CI0KHONW M IOPOTOCTOSIIEH YacThI0 COBPEMEH-
HOT'0 CyJJOBOIO JBUraTess, cocrasistomeil 10 30 % ero croumoct. OHa OKa3bIBAET CYIIECTBEH-
HOE BIMSHHME Ha HAJIeKHOCTb U SKOHOMHYHOCTh paboThl nBurarensd. M3Hoc nertaneil Tpymmxcs
conpsbkeHU TorumBHOM anmapatypsl (TA) sBaseTcss oAHON M3 OCHOBHBIX NPUYMH CHUKEHUS
pecypca CyJOBbIX JBUTATEIEH.

B nacrosiiee BpeMs HaOto1aeTcs TEHACHLIUS K YMEHBIICHUIO COJIEPKaHHUs Cepbl B OyHKEp-
HBIX TOIUIMBAX JUISl CyJOBBIX IBHTaTENIEH C LENBIO YJIyYIIEHUS MX DKOJIOIMYECKHX XapaKTepH-
ctuk. C 1 suBaps 2015 r. ans Bcex CcynoB IpHU 3axojie B NOPTHI EBpO30HBI coliepikaHue CEphI B
cyaoBoM puctuiuiiTHoM TorutuBe (C/T) nomkuo O6bTh Menee 0,1 %.

OpnHako MHOTOYMCIIEHHBIE DKCIEPUMEHTHI U PE3YJIbTaThl AKCIUIyaTalluy JBUraTellel C HC-
[0JIb30BAHNEM HU3KOCEPHHUCTBIX AMCTWUIATHBIX TOIUIMB Kak B Poccumu, Tak u 3a pyOGexoMm Bbl-
SBWJIM BBICOKYI0 MHTEHCHUBHOCTb HW3HAIIMBAaHMs MPELM3HMOHHBIX Map TOIUIMBHOM ammaparypsl.
CHmxeHue coaepKaHus Cepbl B TOIUIMBE NPUBOAMT K YXYIUICHHIO MX IPOTUBOM3HOCHBIX
CBOICTB, BCJIIECTBUE YETO MJIET MHTEHCUBHOE M3HAIlIMBaHue Tpyuuxcs nap TA neuratenei, 4ro
BBI3BIBACT YBEIMYCHHUE 3a30POB B IUIYH)KEPHBIX IIApax M MPUBOAUT K 3HAYUTEIBHOMY YXYZIIE-
HUIO KaueCcTBa pacIbUINBaHU.

[lenbto paboThl ABISETCA MCCIEIOBAHNE TPUOOTEXHUYECKUX XAPAKTEPUCTUK CYIOBBIX HU3-
KOCEPHUCTBIX MaJOBS3KUX AMCTULIATHBIX TomnB (HM/IT) n noBellieHNE pecypCHBIX MTOKa3aTe-
neit TA CIABC mpu paboTe Ha ATHUX TOIUIMBAaX, OCOOCHHO B YCIIOBHSX BBICOKHX TEMIIEpaTyp
OKPYKaIOUIEH CPEBI.
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HccnenoBanue cMa3bIBaroledl CIIOCOOHOCTH TUCTHIUIATHBIX TOIUIMB IPOBOJIWINM Ha YEThI-
pexmapukoBoii mamuHe TpeHuss YMT-1. boun nmomoOpansl pa3nuyHble 00paslbl TOIUINBA, (pu-
3MKO-XUMHUYECKUE MOKA3aTeNIn KOTOPhIX U3MEHSUIUCh B IIMPOKOM JAMamna3zoHe. B pesynbraTte nc-
cJIeZIoBaHUI ObLIa yCTAaHOBJIEHA BBICOKasl Koppessauus Mexay BsskocTeio v C/AT, conepxannem
B HEM Cepbl S C €ro NPOTUBOU3HOCHBIMU CBOMCTBaMHU. Pe3ynbTaThl HCCIEI0BaHUS TIPEICTaBICHbI
Ha puc. 1.

[IpoBeneHO KOMITJIEKCHOE HCCIEI0BAaHUE CBOWCTB CMECEBBIX JAMCTUIUIATHBIX TOILUIMB C JI0-
0aBKOI MUHEpaJIbHBIX M PAaCTUTEIbHBIX Macell. MccnenoBanus NpoBOAMIM MPHU PA3IUUHBIX CO-
otHomeHusax CHAT u comepkanusi mo6aBok (CJI). PesynbTaThl MCHBITAaHUI TMpeACTaBICHBI Ha
puc. 2.
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Pucynoxk 1 — 3aBucumoctsh muametpa mataa n3Hoca (I11) ot conepkanus cepsl (a)
u BsizkoctH (0) CAT
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Pucynok 2 — Biiusinue no6aBieHus pacTUTENBHBIX 1 MUHEPAIbHBIX Mace
B TOILUIMBHYIO cMech Ha JITTN

Jlyumue moka3aTenu y TOIUIMB ¢ 10OaBKaMU MaJbMOBOTO Macjia W Maclia AJisl IBYXTaKTHBIX
nu3esield. BBINOIHEHHOE KOMILIEKCHOE HCCIENOBAaHUE ITOKA3aTeNe KayecTBa HMCXOJHOIO M-
CTHJIISITHOTO TOIUIMBA M CMECEBBIX TOIUIMB Ha €ro ocHoBe ¢ qobaBieHueM [IM mo3Bonuim ycra-
HOBUTb, KaKH€ MapaMeTphl JIMIMUTHPYIOT TOIIyCTUMYIO KOHIIeHTpanuo [IM B cocTaBe cMeceBOro
tommBa ais CJIBC.

ITokazarenem, TMMUTHPYIOIKUM KOHIEHTpauuto [IM B cocTtaBe cMeceBOro TOIIMBA, SIBIISIET-
Cs KUCJIOTHOE 4ncio. [IoBbIIEHHAs KUCIOTHOCTh TOIUIUB BBI3BIBAET KOPPO3HIO JAETANIEH CUCTEMBI
ToruMBonoauu u asuratens. CornacHo TpeOOBaHUSAM CTaHIAPTOB BEJIMYMHA 3TOTO MOKA3aTeNs
y CAT ne nomxkna npessimats 0,5 mr KOH/T, B To Bpems kak y [IM u3mepeHHOe 3HaU€HHE ITOr0
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napametpa cocrtasiusieT 2,59 mr KOH/r. [Ipu noGasnenuu 5 % [IM 3HaueHHe KUCIOTHOTO YMcia
Yy CMECEBOT0 TOILIMBA 3HAYMTEIHLHO BO3pacTaeT mo cpaBHeHHIO ¢ ucxoaubiM C/IT u cocraBiser
0,22 mr KOH/r. TToaToMy nipeaenbHast kKoHueHTparus [IM B cMeceBOM TOTUTMBE HE JTOJDKHA Tpe-
BBIIIATH 5 %.

Jlnst onteHkw BiMstHUS cMeceBbIX ToruB ¢ [IM Ha paboty C/IBC Ob1 mpoBesieH MOTOPHBIN
OKCIIEPUMEHT Ha JabOpaTOpHOM CYJIOBOM Am3enb-reHepatope monenu 4NVD24 (4417,5/24),
OCHAILIEHHBIM Harpy304HbIM YCTPOWCTBOM B BHJIE T€HEpATOpa MOCTOSIHHOTO TOKA, YTO 00ecedn-
BaJI0 TOYHOE IMOAIepKaHne Harpy3ku (puc. 3).

Pucynok 3 — MOTOpHBIH CTEH JISI HCCIIEOBAHMS TEXHUKO-D)KOHOMHYECKIX XapaKTePUCTUK
CyZOBOTO OU3EIIA

C nensio u3mepeHus napameTpos padouero npouecca CABC u ero HHAMKaTOPHOM MOIIHO-
CTH OBUT 3aJIeiCTBOBaH MOPTATUBHBIA KOMIUIEKC UIS JAMArHOCTHKH BHYTPHIMIMHIPOBBIX IPO-
LIECCOB JIBUTaTesei BHyTpeHHero cropanus. [Ipubop mo3BosseT onpeaensTb ¢ BBICOKOW TOYHO-
CTBIO JIABJIEHHE CXKAaTUS Pc U MAKCUMAaJIbHOE JABJICHUE CTOPAHUS p; B LIWIMHIPE IU3EIs, (PUKCH-
pYET 4acTOTy €ro BpalleHHs M, TPEICTABIACT Pa3BEpHYThle MHIUKATOPHBIE IMAarpaMMbl U pac-
CUMTHIBAET LIWJIMHAPOBYIO HHIUKATOPHYIO MOILIHOCTb.

B tabn. 1 npeacraieHsl Bce pe3yabTaThl H3MEPEHUS PACX0/a TOIIMBA U TEINIOTEXHUYECKUX
[apaMeTpoB, MOJYYEHHBIX B IPOLECCE UCIIBITAHUM.

Tab6muma 1 — IMoka3zaremu padodero mporiecca cy1oBoro au3ens npu padore vHa cmecu CAT u [IM

Tomumsa gz;; g&&) , MuH-1 Tor ing r/(K%i;-q)
CAT 49,4 2,80 732,6 153,8 38 187,96
CAT+3 % IIM 50,3 2,70 732,3 157,7 38 189,40
CAT+5 %IIM 49,3 2,80 732,9 159,3 39 190,70

Ha ocHOBaHMY MTPOBEICHHBIX UCCIICIOBAHUIA MOXHO OTMETHTh, 4YTO PabOTa CYZ0BOTO JU3EIIS
HA CMECEBOM TOIUIMBE OCYILIECTBIISECTCA B CTAHAAPTHOM PEXHUME U 0e3 KaKUX-IUOO SBHO BbIpa-
JK€HHBIX HETaTUBHLIX SIBJICHUH.

Jlns mpoBeneHUsT HATYPHBIX UCHBITAHUHN C IENbI0 JOCTHXKEHHUS MOCTaBICHHBIX 3a7ad ObLIT
pa3paboTaH ¥ MU3TOTOBIICH CIICIUANILHBIN cTeH I Ha 0a3ze manopa3zmeproro C/IBC 2U8,5/11, puc. 4.
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Pucynok 4 — HatypHblif cTeHn

BreinonHeHHBI HAa HATYpHOM CTEHZIE AKCIIEPUMEHT TO3BOJIMJI OILICHUTH CTENEeHb H3HOCA
wiyHxepHbix map THB/I B 3aBucUMOCTH OT 3HaueHUs MOKa3aTesell v U Sy JTUCTHUISTHBIX TOII-
JIUB, a TaKXe BBIABUTH BIMsSHHE NoOaBieHHs maabmoBoro macia B HMJIT. Benmnunna usHOca
TUTYH)KEPHBIX Map npu ux padote Ha paznuunbix Bugax CHT (Tabum. 2.)

Ta6mmia 2 — I3HOC MUTyHXEPHBIX Map B MPOIECCE UCTTBITAHMS

Bug tonnmBa
HaumenoBanue nokasaresns
Ne 1 No 2 Ne 3 Ne 4
3nauenue AU no UMT, Mkm 409 669 599 405
3nauenue 11 no HFRR, Mxm 349 737 - 357
[Toteps macchl mIyHXkepa, Mr 0,2 2,2 1,6 0,8

Ne 1 — BBICOKOBSI3KOE€ JUCTUILIATHOE TOTUIUBO C 2%-M COJIEp:KaHUEM CEPHI,
Ne 2 — muctunisTHOE TOIIMBO ¢ conepkanueM cepbl < 0,01 % (HMT);

Ne 3 — nucTUIISTHOE TOILUIMBO ¢ 100aBKoM 3 % Macnia a1 2-TaKTH. JU3€eIICH;
Ne 4 — qUCTHIISITHOE TOILIMBO C J00aBKoi 3 % MajJbMOBOI0O Macia.

BoIBOaBI

1. BeimonHeHo uccnenoBaHue Ha MAaIIMHE TPEHUS BIMSHUS OCHOBHBIX (PM3UKO-XMMHUYECKHX
xapakrepuctuk CJIT Ha UX cMa3bIBAIONIYIO CIIOCOOHOCTh. Y CTAHOBJICHO, YTO HAMOOJIBbIIICE BIUSHHE
Ha TpuOoTexHndeckune xapakrepuctuki CIT oka3bIBaeT ero BA3KOCTb U COAEPKAHUE B HEM CEPBI.

2. Paccuutan Habop mapameTpoB S U Vv, o0ecreynBaOmUX JAejIeHne 00JacTu (aKTOPHOTrO
IIPOCTPAHCTBA HA JBE 30HBI — yIOBIECTBOPUTEIBLHOIO U KPUTUYECKOTO MIPOTEKAHUS MPOLIECCA U3-
HammBaHus. Ecau mapamerpst S u v y CAT HaxomsaTcs B KPUTHUYECKOW 30HE, TO HEOOXOIMMO
IPOBOJUTH CIIELUANIbHBIE MEPONPUATHA Ul yJydlleHus cMmasbiBaromieil cnocoonoctu CHT B
YCIIOBHUSIX 3KCILTyaTallHH.

3. IIpoBeneHHBbIE Ucciie0BaHus C 100aBIEHUEM MUHEPAIBHBIX U PACTUTENIBHBIX Maces B AU-
CTWJIJISITHOE TOIUIMBO MOKA3aJId, YTO MUHEPAJIbHOE MACJIO OKA3bIBAET HE3HAUUTEIBHO BIUSHUE HA
CMa3bIBAIOLIYI0 CIIOCOOHOCTh CMECEBBIX TOIUIMB. Y CTaHOBJIEHO, YTO J00aBJI€HHUE B JUCTHILIAT-
HO€ TOILIMBO PACTUTENIBHBIX Macell 3HAUUTEIbHO YIy4IllaeT IPOTUBOM3HOCHBIE CBOMCTBA TOIUIN-
Ba M3-3a HAJINYMA B UX COCTaBE OOJIBIIOrO KOJMYECTBA OPraHUYECKHUX MOBEPXHOCTHO-aKTUBHBIX
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BemiecTB (ITAB). DT KOMITIOHEHTHI CO3/IAIOT MTPOYHBIE XEMOCOPOIIMOHHBIE TIJIEHKH Ha TTOBEPXHO-
CTH METaJula B IIPOLIECCE TPEHUS, B PE3yJIbTAaTe YEro yMeHbIIaeTcst u3Hoc TA.

4. KoMIUIeKCHBIN aHaJIN3, BKITIOYAIOIMNUNA B ce0s nccaeaoBaHue GU3HNKO-XUMHUUECKUX U TPH-
00JIOTHYECKUX CBOWCTB CMECEBBIX TOIUIMB, & TAKXKe MPOBEICHHBII MOTOPHBIN SKCIIEPUMEHT I103-
BOJIWJIM YCTAaHOBUThH onTuManbHyt KoHUeHTpauuio [IM B C/AT. Ona cocrasnser 1-3 %. Jlanb-
Heimee yBenuueHue coaepxanusa [IM He nenecoobpa3Ho, Tak Kak JaeT HE3HAUYUTENbHBIA TpU-
O6orexHudecKkui A3 HEKT, HO MPHU ITOM YXYIIMIAIOTCS (PU3NKO-XUMUIECKHE MOKA3aTeIu KOMIIO3H-
IIMOHHOT'O CYJIOBOTO TOTIMBA ¢ Jo0aBkamu [TM.

5. IIpoBeneH MOTOPHBIN AKCIIEPUMEHT Ha pa3pabOTaHHBIX CMECeBbIX TorumBax ¢ [IM, koTo-
pbIit Iokasan, uyto ux npuMmenenue B CIBC He BbI3bIBaeT KaKMX-THO0 3HAUMMBIX U3MEHEHUH Ta-
pameTpoB pabouero mpoliecca JBUraTesisi 1 OHU MOTYT HCIIOJIb30BaThCs O€3 OrpaHUYEHUI.

6. Hob6asnenne [IM B HM/IT cnocoOcTBYeT yIydIIEHUIO WX CMa3bIBaloOIIed COCOOHOCTH.
W3Hoc mirymxepa cHu3miIcS Ha 64 % 1o cpaBHEHUIO ¢ TOTepei Macchl eTanu, paboTaBiiel Ha
ucxogaoM HM/IT, a mapameTpsbl 1€pOXOBATOCTH COOTBETCTBEHHO YMEHBIIMINCH B 2,5 U 4 pa3a.
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Prospects for the use of power plants with super-flywheels
in marine power engineering

Abstract. Various types of super-flywheel construction and the areas of their use at the pre-
sent stage are considered. The method of calculating the super-flywheel is presented. A com-
parative analysis of the efficiency of a kinetic energy battery based on a super-flywheel with
other types of batteries is given. The possibilities of using a kinetic energy accumulator based
on a super flywheel in marine power engineering are shown.

BBenenue

3a HECKOJIBKO JIECATUIIETHH HayKa B CUCTEMAaX MEXAaHMYECKOI'O0 HAKOIUIEHUS SHEPTUU INpo-
JBUHYJIach BIepel. beuin pa3paboTaHbl CylepMaxOBUKU. DTO CUCTEMbl HE C MOHOJIUTHBIMH Te-
JaMH BPAILLEHUs, KOTOPBIE OMACHBI IIPH pa3pylIEeHUH. A CyNEpPMAaXOBUKU — CHCTEMBI C JICHTOY-
HOM, BOJIOKOHHOW WJIM MPOBOJIOYHOM HABUBKOW BBICOKOW MIIOTHOCTU. [Ipyn BO3MOXHOM pa3zpy-
IIEHUU HE MPOMCXOIUT MOJ00MS B3pbIBA C Pa3IeTOM YacTeil, a cucTeMa TOPMO3ZUTCS BO3HUKIIIN-
MU CHJIAMU TPEHUS OT MEJIKUX YacTeH.

[lepeBon sHEeprum oAHOrO TUIA B APYroil Bcerna conpoBoxaaercs norepsamu. KI1/1 cBunmo-
BO-KHCJIOTHOT'O aKKyMYJISITOpa B HaWJIy4IlIeM ciy4ae Jocturaet okoso 70 %.

AKKyMyJIMPOBaHUE DHEPIMM CKATOrO BO3AyXa SIBISICTCA OJHUM M3 TEXHHYECKHUX PEIICHUM,
KOTOPOE MO3BOJISIET MPOU3BOAUTENSAM SHEPIHH B J1I000€ BpeMs yIOBIETBOPATh NOTPEOHOCTH TO-
TpeOuTenIe Npu MUKOBBIX HAarpy30K C MOMOIIBIO SHEPTHH, 3al1aCeHHON B MEpUOJbl HEMOJIHOIO
MCIIOJIb30BaHUsl MOIIIHOCTEN. DTO MCCIEA0BaHUE MTPECIEAO0BAIIO 1IENb BBIICHUTH YKOHOMUYECKYIO
11eJ1ec000pa3HOCTh MPUMEHEHHS TIPU MUKOBBIX Harpyskax sjiekTpocraniii CADCB, ucnonb3yro-
IIMX €CTECTBEHHBIE MOJ3EMHbIE BOJIOHOCHBIE TUIACTHI B KAUECTBE PE3EPBYapOB VISl CHKATOTO BO3-
nyxa. Mcronb30BaHne CHCTEM aKKyMYJUPOBAHUS SHEPTUU MOXKET OKa3aThCsl SJKOHOMHUYECKH BBI-
TOAHBIM, TaK KaK OHM YJIyYLIalOT 3KCIUTyaTaluio 0a30BbIX BBICOKOI(()EKTUBHBIX 3JIEKTPOCTAH-
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U U Aal0T BO3MOXHOCTb CHU3UThH PAcXoj JAONOJHHUTEIBHOIO KOJIMYECTBA TOIIMBA, KOTOPOE
HE00X0IMMO Il IPOU3BOJCTBA SHEPIUU IPU MHUKOBBIX Harpyskax|8].

1. KoHcTpyKIIUMsSI M IPUHIIMI 1efiCTBUSA CYylIePMax0BUKA

CynepmaxoBuk (puc. 1) mpencrasisier coboii 6apabaH, M3rOTOBIEHHBIH W3 KOMIIO3UTHBIX
MaTEepHaJIoB, HAPUMEDP, HAMOTAHHBIN U3 TOHKUX BUTKOB CTAIBHOM, TUTACTUYIHON JICHTHI, CTCKIIO-
BOJIOKHA, YTIEPOAHBIX KOMIO3UTOB JINOO rpadeHoBoi Oymaru. 3a c4€T 3TOro obecrneynBaeTCs
BBICOKAsI POYHOCTh Ha Pa3pbIB M 0€30MacHOCTh dKCIuTyaTaruu. [Ipu ¢puszndeckom pas3pymieHun
CyINepMaxoBUK HE pa3jeTaeTcs Ha KPYIMHbIE YacTH, KaK OOBIYHBII MaXOBHK, a pa3pyliaeTcs 4da-
CTUYHO, ITPH ATOM OTJSJIMBIIUECS YaCTH JICHTHI TOPMO3AT OapabaH M MPEJOTBPAIIAOT JaTbHEH-
niee paspyuienue. [[is yMeHblIeHus MOTepb Ha TPEHHUE CYTIEPMaXOBUK MOMEIIAeTCsS B BAKyyMHU-
POBaHHBIN KOKYX. 3a9aCTy0 HCIIOIb3yeTCS MAarHUTHBIHN ITOBEC.

CoBpeMeHHBIH CyIepMaxOBUK B COCTaBE MaXOBUYHOT'O HAKOMHTENS KHHETHUECKON SHEPTUu
paboTaeT B mape ¢ MOTOpoM-TeHepatopoM. [Ipyu MOAKITIOYEHUH B CETh MOTOP-TEHEPATOP PACKPY-
YUBAET CYNEePMaxoBUK, a MPHU MOAKIIOUEeHUU Harpy3ku — TopMmo3uT. KIIJI cocraBnser 98 %. s
YMEHBIIICHUS TTOTePh Ha TPEHHE CYNePMaxOBHK HAXOIUTCS B BAKYyMHPOBAHHOM KOXyxe. 3ada-
CTYIO HCHOJIb3yeTCsl MarHUTHBIM mojBec. Takke y CynepMaxOBHKHXa MMEETCS HEJOCTAaTOK —
rupockonuueckuii 3pdexT, oomagaronuii 60IbIIMM MOMEHTOM UMITYJIECA BPAIIAIOIIETOCsS Maxo0-
BHKA U MPENATCTBYIOMINNA U3MEHEHHUIO HAPaBJICHUs OCH BpallleHUs MaxoBHUKa. [ HCKITIOUEHUS
ATOr0 HEXKeIaTenbHOro 3(PQeKTa MPU HCMOJ30BAHWM MAaXOBHKOB B KadeCTBE HAKOMHTEEH
SHEPruM Ha TPAHCIIOPTHBIX CPEJCTBAX MOXKHO HCIOJIb30BaTh MOJIBECKY MaXOBUKA B KapAAaHOBOM
nozBece. JIOMOIHUTENBHBIM HEIOCTATKOM CYNEPMAaXOBHUKA SIBIISIETCS OTCYTCTBHE OTPaOOTaHHOMN
TPAHCMHUCCHH, TTO3BOJISIONICH MCTOIB30BaTh €ro Ha TpaHcmopte [2]. PaboTatoT cynepMaxoBUKd
M0 CXEMe: JBUTATeIh PACKPYYMBAET MaXOBHK — MaXOBHK HAKAIUIMBAET DHEPTHUIO — T'E€HEPaTop,
BpalllaeMblil MaXOBHUKOM, TPOU3BOIUT JEKTPHUUECKYIO SHEPTHIO.

Bepxian
BaKyYMHaA kaMepa

Hiwkan
BaKyyMHaA KaMepa

MONERYTAPHOTD
BARYYMHOID

Maxosng

M3 KOMNOINTHOND Hacoca
MaTepHana

(Tﬂq:l- | p
MaTop-TenepaTopa | %wmng:g
Cransmoii Kopmyc OTOp-TEHepaTopa
€0 CTEHKAMH

TONLNHON 5 M

HiokHui paguansHsi
INERTPOMATHIT

Pucynok 1 — KoHcTpykuus cynepmMaxoBuka

B MaxoBuke (puc. 2), KOTOPBIN MO HEHTPY — MEXKIY TU3ETb-TEHEPATOPOM U IJIEKTPOTreHepa-
TOpPOM — 3amacaeTcsi KUHeTh4eckasi sHeprus. Jlanee sieKTpoABUTaTenaeM OT AJIEKTPOCETH MOJ-
Jep>KuBaeTcsl BpalieHne. [Ipu OTKIIOUEeHUN HEHTPATBLHOTO AJIEKTPOCHAOKEHHsI, YCTAHOBKA MO-
MEHTAJILHO BBIAACT AIeKTposHepruto. Het may3sl B Teuenue 15-30 ¢, KoTopbie HEOOXOIUMBI TSt
3aycKa AU3EJIbHOTO arperaTa u BhIXoJa ero Ha HOMMHAJIbHYO MOLTHOCTb.
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BecuyeTouHbIM
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Pucynok 2 — Cxema KoHUENIMY paboThl CyIepMaxOBUKa

CpaBHeHI/Ie XUMHUYCCKUX AKKYMYJIATOPOB U CYIICPMaxXOBUKa

CynepMaxoBHK

XUM. aKKyMyJISATOP

DHepreTrdeckas EMKOCTh

Teop. 500 Br-u/kr, peabHO
BEITyCKaeMbie 00pasubl 450
Bt u/kr

CaunroBso-kuciotaeii  AKb
=42 Br u/kr, JInTHIA-NOHHEII
akkyM. = 160 Bt u/kr

KonmuecTBO MUKIIOB

Cpok ciyx0b1 He Oonee 25
JIeT, KOJMYECTBO IUKIIOB HE
HUMECT 3HAUCHUA

He 6omee 1000 mmkiaoB st
JMy4IIuX 0OpasioB TpPHU CO-
OJIFOJICHUH YCIIOBUH DKCILTY-
atanmii. Paspspkate 10 70 %
U HIXKE HE PEKOMEH/TyeTCsT

KT

Oxo110 98 %

70-78 %

[Ipu nHTErpaluu B 3HEProcUCTEMY CyHepMaxOBUK TOpa3Io MpoOIle U HEMPUXOTIUBEE JTHOOBIX
akkymyJsTopoB Boeing. B 2012 1. e€ uHxeHEephl CyMeNH NOJXYYHTh JUHEHHYI0 CKOpPOCTh 00012
cynepmaxoBuka 800 M/c. Ha TOT MOMEHT MUPOBOH PEKOP AJIsi MAJIBIX TECTOBBIX CUCTEM COCTaB-
st 1405 m/c. He MeHee BakHO, YTO WH)KEHEPHI Boeing ¢ MOMOIIBIO CBEPXITPOBOISAIINX DIICK-
TPOMAarHUTOB CMOIJIM 3aMEUIMTh «CaMopaspsil» HAKOMUTENs 10 CKOPOCTH, XapaKTEepHOH ais
AIIEKTPOXUMHUYECKUX cucteM (puc. 3) [5].
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Pucynok 3 — KpuBble camo3apsiia MaXOBHYHBIX HAKOITUTENIEH Pa3HOTO BHIA
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Hakonurenu npenctaBisioT co0oi MUIMHApUYECKHE EMKOCTH, BHYTPU KOTOPBHIX HA aKTHB-
HbIX MarHUTHBIX MOIIMITHUKAX W MOJBEIIECHbI cynepMaxoBuku. Ha cTaibHOM Bany MaxoBHKa,
BHYTPU F€PMETUYHOIO CTAIbHOIO LIUJIMHAPA, YCTAHOBIIEH POTOP BBHICOKO3(PPEKTUBHOI 0OpaTu-
MOM 3JIEKTPUYECKOW MAIMHBI — MOTOpa-TeHepaTopa (OHa BBIMOJIHEHA HA MOCTOSHHBIX MarHu-
Tax), KOTOPBIA U pacKpyurnBaeT MaxOBUK IPH MPUEME SHEPTUU U BhIpAOATHIBAET TOK IPU MOJ-
KJIFOUEHUH Harpy3KHU.

3a mocienHue 1Ba NECATUIETUS pPa3padOTUYMKU MaXOBHUYHBIX HAKOMUTENEH MPEATIOKUIN Pl
MHTEPECHBIX TEXHOJIOTHYECKUX PEIICHUH, HalpuMep, CAeNIalii BaKyyMHbBIA HACOC YaCThbIO CHUCTE-
Mbl. Kommaauss POWERTHRU (. Muguran) ucnosb3yer AJis 3TOTO NTaTeHTOBAHHBINH MOJIEKY-
JISIPHBIN HACOC C FEJIMKOMJIOM (TOHKOHM CIUPAJbHOW KaHABKOM), HAXOIALIMMCS HENIOCPEACTBEHHO
Ha BaJly MaxoBUKa BHYTpH ero kopmyca. B konctpykuun POWERTHRU (cMm. puc. 1) cam maxo-
BUK ¥ MOTOP-T€HEPATOP 3aKJIFOUCHBI B OOIIMI BaKyyMUPOBAHHBINM KOPIYC, TIPU STOM dJIEKTpHYe-
CKas MallliHa KOMIIAKTHO MOMECTHJIaCh BHYTPHU KOJiblla MaxoBHKa. Kojeco M3 KOMIO3UTHOTO
MaTepuasa, BKIOYaoIero IpoYHble yIIepoaHble BOJIOKHA, BpalaeTcsa co ckopoctaMu ot 30 1o
53 teic. ¢'. Onun Moxyns cuctemsl POWERTHRU uMeer cpaBHUTENTBHO HEOOMBITYI0 EMKOCTH —
528 Bt u (npu HoMuHaiIbHOU MourHOCTH 190 kBT OHa pacxomyercs Bcero 3a 10 ¢), HO EMKOCTh
MOKET OBITh YBEJTMYEHA MapaljIeIbHBIM COCIMHEHHUEM HYXKHOTO KOJIMYEeCTBa MojyJsied. Tem He
MEHEe MaXOBUKHU UMEIOT NIEepel HUMU Psil IPEUMYIIECTB. ITO BHICOKOE KOJIMYECTBO LIUKJIOB «3a-
psaA—pa3psa», OTCYTCTBUE JAETPaJallid XapaKTEpUCTUK CO BPEMEHEM M IMPOCTOTa WM3MEpPEHUS
ocTaBIIerocs 3apsiza. TeopeTHueck MaXxOBUK U3 BBICOKOKAYECTBEHHBIX YTJIEPOAHBIX HAHOBOJIO-
KOH (OHOCIIOMHBIX TpadeHOBBIX TPYOOK) CIIOCOOEH 00€CIIeunTh BRICOYANIITYIO MIIOTHOCTD DHEP-
run — 53,4 kBt u/kr, qanexo o00rHaB BCEX CONEPHUKOB IO 3TOMY IOKAa3aTENI0, HO HA MPAKTHUKE
rpadg)eHOBBIC TPYOKH MOKA CIUIIIKOM JTOPOTH [5]

Ho B KOHCTpyKIMM CcynepMaxoBUKa €CTb M ONACHOCTb. POTOp Bpamaercs co CKOPOCTBIO
1500—1700 c!. DT0 MO3BONAET COXPAHUTH KOIOCCANBHBIH 3amIac MEKTPOIHEPTHH [6].

OcHoBHOM TPOOIIEMOIl B JTaHHOM CIIy4ae SIBIISIETCS TO, YTO HA BBICOKUX 00OpOTax MpEeabsB-
JSIOTCSL BBICOKHME TpeOOBaHMS K KauecTBY M TOYHOCTH M3roToBiieHus. HauOosiee BaXHBIM MO-
MEHTOM B H3TOTOBJICHHH CYNEpPMaxOBUKa SBISETCS CIOCOO HAMOTKH OOPHOTrO BOJIOKHA HA Me-
TaJUIMYECKYIO CTYIHILY, IOTOMY YTO HAaMOTKa CyNEpPMaxOBHKa JIOJKHA HAYUHATBCS CO CTYIHIIBI
Y Ha Hel JOJDKHA 3aKaHuuBaThes (puc. 4).

P HUCYHOK 4 — HamoTtka 60pHOFO BOJIOKHA Ha MCTAJUIMYCCKYIO CTYIIUIY

OT0 0OBSICHACTCS TEM, UTO KpailHHE Hapy»HbIC BUTKU MOABEPIaloTCs MPH BpaleHUH Ooiiee
CHJIBHBIM PACTATUBAIONIUM yCHIHSAM, YeM BHYTPEHHHE BUTKH. [103TOMy 4TOOBI yMEHBIINTH Be-
POSITHOCTH pa3pbIBa BOJOKHA, HAMOTKA JJOJKHA OCYIIECTBIATHCS 1MOI00HBIM 00pazom|[1].

2. XapakTepucTHKAa U CPABHUTEJIbHAs OLEHKA TUIIOB MaXOBUKOB
B Hamie BpeMs CyliecTBYIOT MSTh OCHOBHBIX TUIIOB MaXOBUKOB:
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Pucynox 7 — /Iuck paBHOI IPOYHOCTH Pucynoxk 8 — KonbiieBoit MaxoBUK

Pucynok 9 — CynepmaxoBuk

OO1IEen3BECTHO, YTO SHEPrHsl KaXIOrOo KHJIOTPaMMa MaxXOBHKa 3aBUCHT OT €ro (OopMbl U
npoyHocTu. Eciu cpaBHUBATH BBINIEYKa3aHHBIE TUITBI MAXOBHKOB 10 3TUM KPUTEPUSAM, TO Cpa3y
OTIIJaeT MaxOBHK B BUJE JTUCKA C OTBEpCTHEM Kak HauOoiee Hedp¢exTuBHBIN. Kak mpasuio,
ATO Mallas MPOYHOCTh MaTepHala, U3 KOTOPOro oH OObIYHO M3TOTABIMBAETCS, T.€. CTAJbHbBIE MO~
KOBKM WJIM OTJIMBKU. A KpPYIHBIE OTJIMBKU WJIM MOKOBKHM JaKe U3 JIYUIIMX COPTOB CTalIH HE
CJIMIIKOM MPOYHBL. YeM mpouHee JTUTON WIIM KOBaHBIH MaXOBHUK, TEM OINACHEE €T0 Pa3pbIB, €CIU
OH TIPUKJIFOYUTCS, U TeM OOJBIIUH 3arac MPOYHOCTH MOHAA00UTCS, YTOOBI yOepedb MaXOBUK OT
pa3pbiBa.

JHanee o 3pPeKTHBHOCTH HAKOIUICHHUS SHEPTUU UAET MAaXOBHK B BUJE 000J1a CO CIHUIIAMHU.
Takoil MaxOBUK HaKaIlJIMBaJl SHEPrUU B KaXKIOM KHJIOIpaMME CBOEM MacChl paza B IMOJTOpA
6ounbie. OHAKO MOTOM TOYHBIE PAaCUeThl MOKA3aJIM, YTO BHITOHEE MTOMENIATh MacCy He Jajblie
OT LEHTpa, a HAa00OpoOT, OJIMKE K IIEHTPY, BCIEICTBUE YEro MOSBUIUCH MAaXOBHKH, TOHKHE IO
KpasiM M YTOJILIAIOUINECS K CEPEUHE — JUCKU «PAaBHOM MPOYHOCTH». DHEPTUN OHU MOTYT HaKO-
MIUTH B JIBa pasza 0oJibliie, 4eM 0001 CO CIUIIAMH, U B TPH pa3a OoJIbIlIe, YeM JIUCK C OTBEPCTHEM,
IIPU TOU K€ Macce MaxOBHUKA.

[Ipocreiimmii mpuMep i CyepMaxoBHUKa — 3TO KYCOK TPOCa, 3aXKaThId B KOJIBIIEBOM 3a)KH-
Me — OIPaBKe, KOTOpasi B CBOIO OUYEPE/Ib OCAKEHA HA Ball.

Ecnu Bpamate Baj ¢ onmpaBKoil U TPOCOM B HEH, TO TPOC, KaK M OOBIYHBI MaXOBHK, HAKOITUT
KUHETHYECKYI0 3Hepruto. [Ipu 3ToOM YacTUIbl Tpoca, CTpeMsICh JABUraThbCs 1O WHEPUUH, OyayT
BCE CHJIbHEE pacTATMBaTh €ro, MbITasich pa3opBaTh. Hanbonblnas Harpy3ka TyT OPUXOIUTCS Ha
cepenuHy Tpoca. [Ipu yBenuueHnHn CKOpPOCTH CBEPX MEpBI TPOC HAYHET PBATHCS, HO PBATHCS 110
YacTsM, 110 OJJHOW MPOBOJIOYKE, & TOHEHbKHE MPOBOJIOUYKH HE CIIOCOOHBI MPOOUTH J1axe JIETKUH
3alIUTHBIA KOXYX, T.€. pa3pblB CylepMaxoBHKa MPOMCXOAUT Oe3omacHo. Tak Kak MPOYHOCTh
MIPOBOJIOKU BBIIIE€ POYHOCTH MOHOJUTHOIO CTAJIbHOM YacTH MPUMEPHO B 5 pa3, TO CylepMaxo-
BUK U3 CTPYHBI IIPU MPOYUX YCIOBHIX HAKOIUT YHEPTUHU BO CTOIBKO ke pa3 0oJblie, 4eM 00bId-
HBIII MaxOBHK C Tako#l e maccoil. [loxkamyi, 6ombIeit 6€30MacHOCTH, CYIIEpMaxOBUKY HE HY-
JKEH CIUIIKOM OOJBIION 3amac MpOYHOCTH, U €ro CIEAyeT YMEHBIIUTh MPUMEPHO B 2 pasa 1o
CpaBHEHMIO ¢ MaxoBUKOM. Clie1oBaTeNbHO, CYNIEPMAaXOBUK U3 TPOCAa MOKET HAKOMUTh B KaXJI0M
1 kr B mecatb pa3 OoJbIE SHEPTUH, YeM OOBIUHBIM CTATHHONH MaXOBUK. BOINbIINE MEePCTICKTUBBI
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MMEIOTCS B KOJIBLIEBBIX CylepMaxoBHKaX. Takoil cymepMaxOBHK IpeACTaBisieT cOOON KOJbILIO,
HAaBHUTOE U3 BHICOKOMPOYHOTO BOJIOKHA M MOMEUIEHHOE B BaKyyMHYIO Kamepy. [1ockoJIbKy KOJb-
LIEBOI CyrnepMaxOBUK JIMILIEH LEHTPa, B HEM HauboJee MOJHO peann3yloTcsl IPOYHOCTHBIE CBOM-
cTBa BOJIOKOH. KoJbp11eBOI cynepMaxoBHUK yI€p>)KUBAETCS B KAMEPE B MTOJIBEILIEHHOM COCTOSIHUU C
MOMOIIbI0 MATHUTHBIX OIOP, Pa3MEIIEHHBIX B HECKOJIBKMX MECTax Mo OKpyx«HocTU. CaMo KOJlb-
[0 CIY>KUT POTOPOM MOTOP-T€HEPaTOpa, a TE MECTa, B KOTOPBHIX CTOSIT OOMOTKH MarHUTOB, — CTa-
TOPOM. DTO YIPOIIAET OTOOP PHEPTUU U 3aPSAIKY CylepMaxoBuKa. Ecim cpaBHUBATH KOJBIIEBOM
CylepMaxoBUK CO CTAIbHBIM MaXOBHKOM U3 CaMOU MPOYHOM CTalld, MJIOTHOCTb SHEPTUU KOJIbIIE-
BOT'O CylepMaxoBuKka B 2—3 pasa Oosbie u gocturaet 0,5 M/ na 1 xr maccel. [Totepu Ha Bpa-
mierue y Hero B 50—100 pa3 MeHble, 4eM y CTalbHOr0. Tak Kak OTCYTCTBYIOT ITOTEPU Ha TPEHUE
B MOAIMITHUKAX. TO €CTh TakoW CymepMaxoBUK OyaeT Bpamarbcs 6e3 octranoBku 500 cyT, uiam
noJyitopa roja. B 3ToM cityyae KoJIbLIeBbl€ MAaXOBUKU BBIHYKJIEHBI UCKIIOYUTH U3 PACCMOTPEHUS
M0 JBYM NPUYHHAM: CJIOXKHOCTH IMOJIBECHOI CHCTEMbI U JOPOTOBH3HA H3roTOBIIEHUA. s cy-
IIEPMAXOBUKOB, KPOME MPOYHOCTH U Pa3MEpPOB, 3HAUEHHE MMEET UMEHHO Macca, 03TOMY, YeEM
JIlerye CynepMaxoBuK, TeM jyuie [1].

BeiBOA

[Toka cynepmMaxoBUKHU CIMIIKOM JOPOTH M3-3a BHICOKOW CTOMMOCTH MaTe€pHajioB U CIO0KHO-
CTH COOPY>KEHUSI TAKOM HAKOMUTEIBbHOW CHCTEMbl. Hampumep, BCIEACTBHE TOrO, YTO YIJIOBas
CKOPOCTh MaxOBHKOB MHOTO OOJIbIIIE, YeM 3JICKTPOIC€HEPATOPOB, HEOOXOJMMBI YCTPOMCTBA
TPAHCMHUCCHH, KOTOPBIE HE TOJBKO YCIOXKHSAIOT U YIOPOKAIOT KOHCTPYKIHIO, HO U BBI3BIBAIOT
JIOTIOJIHUTEJIbHBIE IOTEPU YHEPTUU.
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ABTOMATH3HPOBAHHOE PEryJTHPOBAHNE CUCTEMbI OXJIAMKAECHUS
COBpEeMEeHHBIX CYA0BBIX qU3ejei

Annomayus. Ilpobnema obecriedeHus] ONTHMAIbHOTO OXJIAXKICHHUS COBPEMEHHBIX CYAOBBIX
nu3ene (KoTopbeie 00ecreunBaroT TpeOyeMble IKOHOMHUYECKUE, PECYPCHBIE U SKOJIOTUUECKHE
NoKa3aTean UX paboThl Ha Pa3IMYHBIX SKCIUTyaTallMOHHBIX pekuMax). OCyIliecTBICHHE aB-
TOMAaTHYECKOTO PETYJIUPOBAHHS TEMIIEPATYPbI OXJIKIAFOIIEH KUIKOCTH.

Kniouesvie cnosa: cuctema oxJaxJIeHUs1, CIOCOOBI PETyTUPOBAHUS, PETYIIATOP TEMIIEPATyPhL.

Alexander B. Sipatrov

Far Eastern State Technical Fisheries University, SMs-412, Russia, Vladivostok, e-mail:
Sipatrov1999@mail.ru

Scientific adviser — Dmitriy K. Glazyuk, PhD, Associate Professor

Automated control of the cooling system of modern marine diesel engines

Abstract. The problem of ensuring optimal cooling of modern marine diesel engines (which
provide the required economic, resource and environmental indicators of their operation in
various operating modes). Implementation of automatic control of the coolant temperature.

Keywords: cooling system, methods of regulation, temperature controller.

BBenenue

CobmnroeHue 3alaHHOTO TEMIIEPATypHOI'O peXHMa pabOTaIOIIEero AU3ENs JOCTUTAETCs MOJ-
Jiep’)KaHUEM OIPENICIICHHON TeMIlepaTypbl OTXOIALINX OT HEro oxJaxkaaromen Bojabl. Perynupo-
BaHHUE 3TOW TeMIepaTypbl MPOU3BOJUTCA OJHUM U3 TPEX CIIOCOOOB: IPOCCETMPOBAHUEM, 00BO-
JIOM WJIH TIEPEeITyCKOM OXJIaXxaaromieit cpensl (puc. 1).

B npoTouHbIX cucTeMax OXJaXICHHs OOBIYHO MpUMEHseTcs crnocod mepemycka (puc.l, a),
KOI'JIa 4acTh BBIXOASILEH U3 ABUTATENsl BOJbl BHOBb HAIIPABIIETCS HA OXJIAXKACHUE JBUTATEIS.

B 3aMKHYTBIX cucTeMax OXJaXJICHHS MOXKET HCIOJIb30BaThCS JIO00M M3 Tpex CIocoOOoB.
Opnaxo criocoObl IpocceapoBaHus U 00BOA IOy CKAOTCs TOJIBKO JJIsi KOHTYpa 3a00pTHOMH BO-
Il (puc. 1, 6, B). Crioco6 nepernycka oCyLIecTBIsSETCs Ul KOHTypa MpecHoi Boasl. Bo Beex ciy-
qasix MoJiepKaHue 3a/JaHHON TEMIIEpaTyphl JOCTUTAETCs N3MEHEHHEM KOJIMYECTBA OXJIaXKAAI0ei
cpeabl. DTO MOXKET BBIIOJIHATHCS aBTOMATHUECKH C ITIOMOILBIO PETYISTOPOB TEMIIEPATYPHI.

Peryasitop temnepatypsl «<AKO-Oniagen» (puc. 2) sSBisieTcsl NapOKUAKOCTHBIM pEryis-
TOPOM C BCTPOEHHBIM UYBCTBUTEJIBHBIM 3JE€MEHTOM. DTH PETYJSTOPbl yCTaHABIMBAIOTCS B CH-
cTeMax OXJaKJIEHUS U CMa3KU AU3EJIbHBIX YCTAHOBOK Pa3HOW MOILIHOCTH

B kopmyce 7 pacnonoxeH TepM0oOaIIOH 4 ¢ MPUNAassHHBIMU K HEMY BEpXHHUM U HIDKHUM KIla-
naHamu 5. BHyTpu TepMoOauiona HaxouTcs cuiibGoH 6. [IpocTpaHCTBO MEXIy CTEHKAMH Tep-
MoOaJIJIOHa U CHIIb()OHOM 3aIOTHEHO HU3KOKUIIAIIEH JKUAKOCThIO U ee mapoM. IlITok 3 xecTko
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COCIMHEH C JOHBIIIKOM CUIb(oHa raifkoi 1 u ynmupaercst Bo BTYJKY 8 co crepskHeM 9. [Ipyxuna
2 nmpmwKuMaeTcs K HepabodeMy TOpIy HIKHETO KilanaHa.

Hacrpoiika perynsaropa npousBoautcs MmaxoBukoMm 10. Ecin HE00X01uMO CHU3HTH TeMIIepa-
Typy, TO BpalllecHHEeM MaXOBHUKa MEePEeMEIaloT CTepKeHb 9 U ¢ HUM mTOK 3 cuibdoHa BHU3. bia-
rojapsi 3TOMy yMEHbILAETCs 00BEM TMOJOCTH, 3aMOJHEHHBIH HUZKOKHIISIIEH KHUIKOCTBIO U €€
napamu. J[aBlieHre B TIOJIOCTH TIOBBIIIAETCS, U TEPMOOAIIIOH 4 C KJIallaHaMU TIEpeMeNacTCsl BHH3.
PyuHoe ynpaBneHue ocyiecTBisieTcs MaxoBukom 10.
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Pucynok 1 — Crioco0b1 peryaupoBaHus TEMIIEPATyPHI:
I — nBuratens; H1 — Hacoc npecHolt Boabl; X — xonoaunbHuk; PK — perynupyromuii knanas;
H2 — Hacoc 3a00pTHOM BOJIBI

Pucynok 2 — Tepmoperynsatop « AKO-Omunagen»
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Peryasitop remnepatrypsl TPB-200 nucTaHMOHHOTO NEUCTBUS C KUJIKOCTHBIM YYBCTBH-
TENIBHBIM 37eMeHTOM (puc. 3) BblycKaercsa ais nu3enet bBM3 u ycTraHaBiuMBaeTcs B cucTeMax
OXJIAKJEHUS, CMa3Ku U TomuBa. [1o cpaBHEHMIO ¢ MAapPOKUAKOCTHBIMH KMIKOCTHBIE YyBCTBU-
TEJIbHBIE AJIEMEHTHI CO3/al0T OOJIbIIEe TEPECTAHOBOUHOE YCUIIHE.

PerynsaTop coCTOMT M3 4yBCTBHUTENBHOIO DJIEMEHTA, MUCIIOJIHUTEIBHOTO MEXaHU3MA U PETy-
JMPYIOIIETO OpraHa, COSTUHEHHBIX MEXy co00i. TepMoOaiioH 7 3amojHEeH MIIMLEPUHOM U CO-
€AMHEH KammUIIpOM 6 C KOPIycoM 4 MCTIOTHUTEIRHOTO MexaHu3ma. B oboitme 3 mepemerniaeTcs
nopuieHb 10, KOTOpBIH CBsA3aH co MTOKOM 15 perynupyromero oprana 17. Ilpyxunst 13 u 16 sB-
JSIFOTCSL BO3BPAaTHBIMU. MecTo BbIXOJa HITOKA M3 OOJIACTH BBICOKOTO JIAaBJIEHUS YIUIOTHAETCS
CaJIbHUKOM 12, Harpy>keHHBIM Npy>kuHOH 11. @uxcarop 14 ciayxut s pa300opKu peryisropa.

[Tpy noBBILIEHNH TEMIIEPATYPhl OXJIAXAAOLIEH BOJIbI TIIUIEPUH B TEPMOOAIITIOHE pacIlIups-
€TCsl, 4TO BBI3bIBAET NepemelieHue nopiHsa 10 Bau3. Bmecte ¢ HUM, IpeogoeBas COpOTUBIIE-
HUE€ MPY>KHUH, OMMYCKAeTCs MITOK 15 M 3aKperuieHHbIM Ha HEM peryiupyromuil kinamad 17. B pe-
3yJIbTaTe 3TOr0 KOJUYECTBO BOJIbI, HAPABIIEMOE B XOJIOAUIBHUK (IIOJIOCTh A) YBEITMUUBACTCS, a
MHUMO XOJIOAWIbHUKA (TI010CTh B) — ymeHbmaercs. [Ipu noHwkeHnn temneparypbl 00beM INIH-
LIEPUHA YMEHBIIAETCA U 33 CUET CHJIBI YIPYTOCTH NpykHH 13 1 16 perynupyromuil kianad noa-
HUMAETCsl, yMEHbILAsA TOTOK BOJBI, UAYIIMHA B XOJOIUIbHHUK.

Jlnist KOMITeHCAalluy YCHIINI, BO3HUKAIOIIUX IPU MEeperpeBe TepMoOaIoHa, KOTAa Peryiaupy-
IOIUH KJIAIlaH YK€ yIHUPAeTCs B HUXKHEE CENJI0, HO MPOMCXOAUT JajbHEHIIee pacIMpEHUE IIN-
LIepuHa, CIIy>KUT npyxuHa 8. [Ipu 3ToM HaunMHaeT mepememaTbcs BBEpX oOoiima 3 BMecTe cO
CTakaHOM 9 W KPBIIIKOH 5, U mpykuHa 8 OyJeT COKMMAThCS, BOCIIPUHUMAsT BOSHUKIIIEE OT PacIn-
penus raunepuHa ycuiue. Cuna ynpyrocTH npyXuHbl § 0osble, yeM npyxus 13 u 16.

PerynupoBka TemmnepaTypbl BOJbl MOKET MPOU3BOAUTHCS B quamna3zone 40—90° C ¢ HacTpoii-
koil Ha kaxxasie 10 °C BpamenueM kpoimku S. [Tpu aTom ob6oiima 3 BMecTe ¢ nopuraem 10 mepe-
MELIAEeTCA BBEPX WIN BHU3, H3MCHIS 3a30p MEKIY MOPIIHEM M IPOMEXYTOYHBIM HITOKOM. TeM-
neparypa ycTaHaBIMBaeTCs 1o 1mkaie 2 ¢ ykasarenem 1. HepaBHomepHocTs perymstopa 10 °C.

Pyunoe aBapuiiHO€ ynpaBji€HHME OCYIIECTBISETCS BpPAIIEHUEM KPBIIIKK 5 WM C IOMOILBIO

CrICOUuaabHOI'O HpI/ICHOCOGHCHI/IH.
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Pucynok 3 — Perynsarop temneparypst TPB-200
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Peryasitopsl TemMnepatypbl Henpsimoro aeiicrsus tuna PTH/I Beimyckarores st pery-
JUPOBAHUS TEMIIEPATYphl BOJBI U Maciia IMIaBHbIX ABurareneit bM3.

Perynstop (puc. 4) cocTouT u3 670Ka ynpaBieHUs, yCUIUTEIBHOTO pelie, UCIIOIHUTEIHHOTO
MexaHu3Ma (MeMOpaHHOTO CepBOMOTOpa) M PEryJIHPYIOLIEro opraHa. B kadecTBe Bcromora-
TEJIbHON SHEPTUU MPUMEHSETCS CHKAaThIi BO3AYyX JaBieHueM 4 0ap WK peryiaupyemast KHUIKOCTh

(Boma, macino) nasienuem 1,5—10 O6ap. BennunHa KOMaHAHOTO JaBICHUS U3MEHSIETCS B Mpeeiax
0,2—1,0 6ap.
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Pucynoxk 4 — Perynsatopsl TemnepaTypbl HenpsMoro AeiictBust tuna PTH]I

Tepmobaion 17 3anonHeH pacumpsouieiics xuakocTbio. K nonsiuky cuibpona 16 mpu-
KpEIUIeH IITOK 14, mepeMenienre KOToporo uepes3 poeiuar 15 usmenser 3arar npysxkusl 13. Ipy-
*kuHa 13 mpmwxumaer MmeMOpany 18 k cormty 19 tpybompoBoaa cimBa. Bo3myx moctymaeT mo
TpyOOnpoBOay 9 B KaMepy 30J0THHKA § YCHIMTENHHOTO peie 21 1 OHOBPEMEHHO 4Yepe3 ApOoc-
cenb 10 B xamepy 11 6moka ympasienus 12. B 3aBUCUMOCTH OT BEIMUYMHBI 3a30pa MEXIY MEM-
Opanoit 18 u comiom 19 U3MeEHsSEeTCsI KOMMYECTBO BO3AyXa, CTPABIMBAEMOr0 B aTMocdepy, U, CO-
OTBETCTBEHHO, JIaBJI€HUE KOMaHIHOTO BO3]yXa, MOCTyHaroIlero no tpyoomnposoay 20 B ycuiu-
tenpHOE pene 21. JlaBneHne KOMaHIHOTO BO3[yXa, BO3JEHCTBYIOIIET0 HA MEMOpaHy 7 yCHIIU-
TEJILHOTO peJjie, YPaBHOBEIIUBACTCA CUJION YyNpPYyrocTu MpyxuHsl 6. [Ipy M3MeHeHUU TaBlIeHUsS
KOMaHJTHOTO BO3/1yXa 30JI0THUK 5, CBSI3aHHBIA ¢ MEMOpaHOH 7, epeMeIaeTcs, U3MEHss MPOXO/I-
HOE CeYeHHUe KaHajia, 10 KOTOpOMY pabdo4Mii BO3AyX M3 KaMephl 30J0THHKA 8 CTpaBIMBAETCS B
atMocdepy. OT 3TOTo 3aBUCHT AaBlieHHE B paboueil MoI0CTH 4 CEpBOMOTOPA U TIOJIOKEHHUE PETY-
aupyomero oprana 1. YUepes cektop 5 u3aMeHsieTcs 3aTsr Npy>KUHbI 6 00paTHOM CBA3H.

[Ipr MOBBIIEHUH TEMIIEPATyphl YBEINYUBACTCS 00BEM KUAKOCTH B TepMoOamione 17, 3a
cdeTr yero mTok 16 mepemernaercst BBepx. Uepes pbruar 15 ocnabnsercs 3atar npykuHsl 13, B
CBS3M C YEM YBEJIMYMBACTCS KOJIMYECTBO BO3/AYyXa, CTpPAaBIMBaeMoro B armocdepy. JlaBieHue Ko-
MaHJIHOTO BO3JyXa B MOJOCTH IOJ MeMOpaHOil 7 yMeHbIIAeTcs, U 30JOTHUK 8 MepeMerniaercs
BIIPaBO, CTPABJIMBAs BO3/yX U3 MOJOCTH 4 cepBoMoTopa. [1o Bo3aelicTBUEM MTPYKUHBI LITOK, a C
HUM U PeryJMpyouuii oprad 1, moJHUMaroTCs, yBEeIMUUBas MOTOK BOJbI, HAIIPABISEMbIH B XO-

35



nonuibHUK. OTHOBPEMEHHO Yepe3 CEKTOp 5 ociabisieTcsl 3aTAT MPYXUHBI 6 0OpaTHOW CBS3H.
Korpa cuna ynpyroctu npy>kKuHbI 6 ypaBHOBECUTCS JaBJICHHMEM KOMAHJIHOTO BO3[yXa Ha MEM-
Opany 7, mepeMelleHre peryJIupyromero oprana npeKpaTuTcs.

B ciiyyae noHmkeHus TeMIepaTypbl peryJupyeMou cpebl MPOU30HAeT yYBeIIUUEHUE JaBJe-
HUSl KOMaHJHOTO BO3[yXa HaJ MeMOpaHOH 3, 4TO BBI30OBET MEpEeMEUICHHE BHU3 PETYIUPYIOLIETO
OopraHa U yMEHbIICHHE KOJIMYECTBA BOJIbI, UYIIEH HA XOJIOAMIbHHUK.

Hacrpoiika perynstopa Ha TpeOyeMyro TeMrepaTrypy MPOU3BOIUTCS BpallleHHEM IToka 14,
YTO M3MEHsIET 00BEM pacIIUpPSIONMIEHCs KUAKOCTH B TepMmoOaisione 17. PerynupoBka HepaBHO-
MEpPHOCTH MOKET MPOU3BOUTHCS B npenenax 6—12 °C.

PyuHnoe aBapuiiHO€ yIpaBJIEHHE PETYJISTOPOM OCYIIECTBISETCS C IOMOIIBIO PYKOSTKH 2.
[Tpu 5TOM BO3IIyX Ha PETYJSATOP AOJKEH OBITh 3aKPHIT.

OcHoBHbIE TPeOOBaHUS 110 MEXIYHAPOJHOMY CTAaHIAPTY K KOHCTPYKIUHU TEPMOPETYIISATOPOB:

- IPUMEHEHHE PETYJIATOPOB CTATUYECKOrO THIA HENPSMOTO WX MPSIMOTO ACHCTBUS;

- KOHCTPYKIIMSI PETYJSATOpa AOJKHA MPEaycMaTpUBaTh PyYHOE YIPABICHUE PETYIUPYIOLIUM
OpraHoM;

- TEPMOPETYIISITOPBI JOJKHBI BBIJIEP)KUBATH BUOPALIMOHHBIE M YAAPHBIC HATPY3KH;

- o0naanue OONBIIMM TEXHUYECKHM pecypcoM padboTsl (He MeHee 10 ThIC. ).

BriBOA

B xoHE4YHOM WTOTE, MBI TIPHUIILIH K BBIBOJY, YTO 00ECIEYCHNE ONTUMAIBHOTO TEIIOBOTO CO-
CTOSIHMSI JTU3€JIsl Ha PA3JIUYHBIX KCIUTYaTAlIMOHHBIX PEKHMAaxX IMO3BOJHMT MAaKCHUMAJIbHO MOJHO
HCIIOJIb30BaTh PECYPCHl COBEPILIEHCTBOBAHUS OXJIAXKIACHHUS CYAOBBIX JU3ENCH I NMOBBILIECHUSA
AKOHOMHMYECKHX, SKOJIOTHYECKUX U PECYPCHBIX MOKa3aTenen

JlanbHelIe UCClieIOBaHUS TOJDKHBI OBITh HANIPABIICHBI HA Pa3pabOTKy YIPABIISIOMIUX TIPO-
rpamMM, 00€CIIEUYHBAIOIINX ONTUMAIBHOE TEIUIOBOE COCTOSIHHE CYJO0BOTO JM3ENS C YUETOM OCO-
OEHHOCTEH ero KOHCTPYKIIUHU, YCTIOBHM SKCIITyaTalliu U PEeXKUMOB pabOThI
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O030p APYCOTOBHBIX CYA0B M UX IVIABHBIX JHEPreTHYECKUX YCTAHOBOK
JanbHeBOCTOYHOrO DacceiiHa

Annomayus. IIpobnema noseimenus 3¢dexkrnBHOoCTH KcIUTyatanuu [ DY Ha cynax sipycHo-
ro ¢uoTra A0 HACTOALIETO BPEMEHHU SBIACTCS MPEIMETOM MCCIEJOBAHUN HAy4dHO-
MCCIIETIOBATEIBCKUX M TMPOCKTHBIX OpraHU3alMii ¥ OTHOCUTCS K BEChMa akTyajbHBIM. Perre-
HHUE ATOH MPOOJIEMBI IPEAyCMaTpUBaeT 0030p M aHAIN3 SPYCOJOBHBIX CYAOB M X TJIABHBIX
9HEPreTHYECKUX yCTAaHOBOK.

Kniouesvie cnosa: sipyc, sipycoloOBHOE CyIHO, TJIaBHAs SHEPreTHUECKasi yCTAaHOBKA: IJIaBHBIN
JIM3€l1b, pEBEPC-PEAYKTOP, BaJIOTEHEPATOpP, BUHT (DUKCHPOBAHHOTO, PETYJIMPYEMOTO Iara.

Dmitriy I.Yurdekov
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maximax009@mail.ru

Scientific adviser — Vladimir V. Manyisyn, PhD, Associate Professor
Overview of longline vessels and their main power plants in the far Eastern basin

Abstract. Object of the survey of longline vessels and their main power plants are small and
medium-sized longline vessels and their main power plants.

The purpose of the review of longline vessels and their GEUS is aimed at developing further
scientifically-based recommendations for improving the efficiency of their operation.

There are approximately 50 vessels operating in the Far East. These include medium-capacity
longline freezers of the "Antias" type built in Germany, the "Captain Kartashov" type built in
Norway, the "Captain Stepanov" type built in Portugal, and several types of ships built in Ja-
pan and the United States. In Russia, about 20 domestic-built fishing vessels were profiled
for longline fishing ( SRTMK pr. 502EM, STR pr. 503 of the Alpinist type, RS-300 pr.
388M, MRS pr. 1322, MDS pr. 1338 and the American-built vessel "K."). Emerald"), which
have installed tier-selection complexes, both domestic and foreign (Japanese, English, Amer-
ican, Norwegian) production.

In the USSR, in 1985, a long-haul sea vessel (YMS) "Shursha"was built. In South Korea, in
1995, the small long-line freezing vessel Vostok Adonis, the small long-line freezing vessel
Vostok Vega, and the Small long-line freezing vessel Vostok Sirius were built. In Japan, sev-
eral types of longline vessels of the "Vostok" type have been built.

Keywords: longline, longline vessel, main power plant: main diesel engine, reverse gear,
shaft generator, fixed, adjustable pitch screw.

O0beKT M MeTO/IbI HCCJIeJOBAHNUS
Spyc Ha OGBITOBOM YpOBHE Ha3bIBAETCS MEPEMET, KOTOPBINA MPUMEHSUIN HAIW MIPEJKU Ha 03€-
pax, pekax M B 3aJMBaX C HEOONBIIMX JAECPEBSIHHBIX JIOJOK. SIpyCHBII JIOB — 3TO JIOB pBHIOBI Ha
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Kprouku. CyliecTByeT TpW BHJA MOCTAHOBKHU SIPYCOB: JOHHBIM, MPUIOHHBIA M MEJIaru4eCcKuid
(mperidyromuii). Ha JlanmpHeBOCTOYHOM OacceitHe MPUMEHSETCS B OCHOBHOM JIOHHBIM BUJI spyca.
B OxotckoMm, bepuHroBom u SMOHCKOM MOpSX AOHHBIMU SpPyCaMH JIOBST TPECKY, MaiTyca U
OKyHsl. SIpyc cocTout u3 xpeOTuHbI nuamerpoM oT 6,35 no 11,13 mm. K xpebtune kpensarcs mo-
BOJILBI C KPIOUKAMHU. Y JIOHHBIX SIPyCOB HaWOOJBIINE PACCTOSHHUS MEXKIY KPIOYKOBBIMHU TOBOJI-
mamu 1...3,5m, a yaa noBoanoB cocrapiseT 0,35...1,8 M, a 0b1ee KOIMYECTBO KPIOUKOB B I10-
psiake MoxeT ObITh 10 20ThIC. WT. U 6oxee. [nuHa noHHOTO sipyca nqocturaet 10...12 km [2], [5].

Ha ceromusmamii 1eHb SIPYCHBIHN JIOB peIOBI 0OectieunBaet 12....15 % MUpoBOi 100BIYH PhI-
Obl, B YaCTHOCTH, B AHIVIMU Ha JI0JII0 KPIOYKOBBIX OpyAuii JioBa npuxoautces 12...14 % obmiero
noBa, B Hopeeruu — 18 %, B Snonun 50 %. 310 oauH M3 HamOoJee SKOJOTHUECKH «UUCTHIX)
croco0oB J0Ba peIOHI [1].

O6mwexToM 0030pa Ha JlanmbHEBOCTOYHOM OacceiiHe SBISAIOTCS 19 SpyCHBIX CyJOB M MX IJIaB-
HBIX DHEPreTMYECKUX YCTAaHOBOK, KOTOPBIE BKJIIOUAIOT LIECTh HECIELUAIM3UPOBAHHBIX CYJIOB,
YEThIPE MaJIbIX U JEBATH CPEJHUX SPYCHBIX CYJIOB.

Ilens 00630pa spycosoBHBIX cyZoB M uX ['DY HampaBieHa Ha pa3pabOTKy B JalbHEUIIEM
HAy4YHO-00OCHOBAHHBIX PEKOMEHAALINN N0 MOBBIIIEHUIO Y3PPEKTUBHOCTH UX IKCILTyaTallUH.

Ha JlanpHeBocTOUHOM OacceifHe OTeUeCTBEHHBIN SPYCHBIM MPOMBICEN PHIObI HaYall pa3BH-
BaThCs ¢ 1926 r. IlpumMepoM pa3BUTHS SPYCHOTO MPOMBICIA PBHIOBI CTall MPOMBICEN SIpPYyCaMHU
AanoHuamu 1 ameprukannaMu Ha Kamuatke, Caxanune u Kypunsckux octpoBax. Ha Kamuarke no
1941 r. exxeronno g00kIBajIoch 6osee 3,5 ThIC. T TPECKH, MPUYEM OTACIbHBIC Cya 3a MMyTUHY J0-
osBasin 6osee 500 T Tpecku 1utroc 40...45 T manryca [3]. IIpu 3TOM HEOOXOAMMO OTMETHUTD, YTO
JUTMHA JJOHHOTO sipyca B TO BpeMs HE MpeBbIlIana 5 KM, CPETHECYTOUHBIN yJI0B Ha OJTHO CYAHO
coctaBisin 2...3 1. Bee mpoiiecchbl Ha spyCHOM JIOBE PHIOBI BHIMOJIHSUIUCH BpYUYHYI0. JIOB sipycamu
OCYLIECTBJISJICS IEPBOHAYAJIBHO Ha JAEpPEBAHHBIX cyAax (Tuna «KaBacaku»), a B nanbpHeMmeM — ¢
cynos turna MPC-80.

Haunnas ¢ 50-X IT. B CBSI3H C TIOSIBJICHUEM CYIOB, CIIOCOOHBIX BECTH APUPTEPHBIN, TPATOBBII
Y KOILIEJIbKOBBIN JIOB PBIOBL, IPYCHBIN MPaKTUUYECKH MPEKPATHII CBOE CYIIECTBOBAHUE.

W3-3a HenaabHOBUIHOW MOMUTHUKKM MUHHUCTEPCTBA PHIOHON MPOMBINIIEHHOCTH MBI OTCTaJIN
0T 3apy0eKHOT0 YPOBHSI pa3BUTHS sIpycHOTo mpombicna neT Ha 15...20 [3]. [Ipuuun MHOTO, 3TO
OTCYTCTBHUE CIICIMATN3UPOBAHHBIX CYOB, c1adas MEXaHMW3alUs U aBTOMATH3alUs SIPyCHOTO JIO-
Ba, OTCYTCTBHE OTE€UECTBEHHOTO0 000PYI0BaHMSI ISl SIPYCHOIO JIOBA PHIOBI.

C cepenunbl 70-x 1T. B HanbHEeBOCTOUHBIX MOpsix CCCP Hauanoch BO3pOXKIACHHE OTeUe-
CTBEHHOTO SIPYCHOTO PHIOOJIOBCTBA, ATO CTAJI0 BOSMOXHBIM B CBS3H MPUOOPETEHUEM CIEIUAIN-
3UPOBAHHBIX CYIOB-IPYCOJIOBOB HOPBEKCKOM U T€pPMAHCKOM MOCTpONKU U 3akyrnka B Hopeeruun
APYCOBBIOOPOYHOTO KOMIUIekca «MycTamy ¢ CyTOYHON MNpOM3BOAUTENBHOCTHIO 10 30 ThIC.
KproukoB. Pacxon TorumBa Ha 1 T BBUIOBJICHHOM PBIOBI HAa SPYCHOM JIOBE PHIOBI COCTABISET OT
125 no 170 xr, a mpu TpasioBom joBe — ot 1 10 1,5 T [1].

B Poccun s sipycHoro noBa peiObl ObUTH TIPOQHIUPOBaHEI mopsiaka 20 MPOMBICIOBBIX CY-
noB otedectBeHHOU mocTpoiiku (CPTMK mp.5020M, CTP np.503 tuna «Ansnuaucty, PC-300
np. 388M, MPC mp.1322, MJIC np.1338 u cyaHo amepukaHckoi moctpoiiku «K.Omepanbaay)
[6], HA KOTOPBIX YCTAHOBHJIU SIPYCOBBIOOPOYHBIE KOMILJIEKCHI KaK OT€YECTBEHHOIO, TaK M 3apy-
0€XHOro (AMOHCKOT0, aHTTIUICKOT0, aMEPHUKAHCKOT0, HOPBEXKCKOT0) IIPOU3BO/ICTBA.

B nacrosmiee Bpems Ha JlaapHEBOCTOUHOM OacceliHe mpuMepHo padoTtaeT okoso S50 Cy/oB,
BKitouas [Ipumopckuii kpaid, Caxanun, Kypunsckue octpoBa nu Kamuatky[1]. B ux uucno Bxo-
T CHELMaTU3UPOBAHHBIE CPEAHETOHHAXKHBIE SPYCHUKU-MOPO3WIBLINKK THIA «AHTHAC»
HeMmenkoil moctpoiiku, tuna «Kamutan Kapramo» HopBexckoil moctpoiiku, Tumna «Kamutan
Crenanos». B CCCP B 1985 r. moctpoeHo sipyconoBHoe Mopo3uibHOoe cyaHo (AIMC) «Illyprmay.
B IOxno#t Kopee B 1995 r. noctpoensl maioe spycHoe mMoposuiibHoe (MSAM) cynno «BocTtok
Anonucy, manoe sapycHoe moposuisHoe (MSM) cyano «Boctrok Bera», manoe sipycHoe Mopo-
smibHOE cyaHOo (MSIM) «Boctok Cupuycy. B SlmoHuN mOCTpOEHO HECKOJIBKO THUIIOB SIPYCOJIOB-
HBIX CYJI0B THIa «BOCTOK».
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Ha Bcex sApyCOJIOBHBIX Cy/laX YCTaHOBIJIEHBI YETBIPEXTAKTHBIE, CPETHIE OOOPOTHBIE TJIaBHbIE
muzenu (I'/]), koTopbie paboTalOT MO HATPY30YHOM XapaKTEPUCTHKE U MEPeNaloT KPYTALIHA MO-
MEHT 4epe3 peBepc-peIyKTOp Ha BUHT (PMKCUPOBAHHOTO WM PETYJIUPYEMOTO 11ara.

BeiBOABI

O0630p SAPYCOJOBHBIX CYJIOB M MX IJIaBHBIX SHEPreTHUYECKUX YCTAaHOBOK Ha [lanbHEeBOCTOY-
HOM OacceifHe U MHPOBOH OIIBIT SIPYCHOTO JIOBA PHIOBI MTOKA3aJl, YTO SIPYCHBIA (IIOT B CBOEM CO-
CTaBe JOJKEH UMETh KaK MaJIble IpYCOJIOBBI IIIUHOU OT 12 110 24 M, Tak U CPEJHETOHAXKHBIE SAPY-
COJIOBBI-MOPO3WIBIITUKH ITTHHOU OT 24 110 50 M.

SpyconoB 00s3aTeNbHO TOJKEH UMETh peprUKEpaTOPHYIO YCTAHOBKY U SIPyCOBBIOOPOUHBII
KOMILJIEKC.

['maBHass »HepreTHuyeckass yCTaHOBKA JOJDKHA BKJIIOYATh CPEIHEOOOPOTHBIM 4-TaKTHBIHM
IJIAaBHBINA IU3€IIb, PEBEPC-PELYKTOD, Bastoreneparop, BPIII.
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Cexknus 3. DJIEKTPOOBOPYJIOBAHUE U 3JIEKTPOOHEPI'ETUKA

YK 621.3
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Cucrembl yuera 3HepropecypcoB JKPOH u CUMIK

Annomayusn. OKOHYATEIBHOU LETI0 KaXKIO0TO MPOU3BOJCTBA CUUTAETCSA MPOU3BOACTBO T'OTO-
BOM MPOAYKIIMU COTJIaCHO HAaWMEHbIIEH cebecToMMocTH. B 0coOeHHOCTH OTrpoMHa 4acTh
DHEPreTHUECKUX PECypCOB B CTPYKType cebecrommocTu mpoaykra. CTpemiieHne K HOBEH-
muM (UHAHCOBBIM B3aMMOOTHOUICHHSIM, CO3/IaHHE KOHTPOJIMPYEMOIO0 M YIPaBISIEMOIO
pBIHKA SHEPTOPECYpCOB, HEOOXOTUMOCTh 3HAYMMOTO CHIKEHHUS YaCTH SHEPreTUIECKUX pac-
XO0JI0OB B ce0EeCTOMMOCTH OKOHYATEJIBbHOrO MpoJayKTa. PaccmaTrpuBaeTcsi aBTOMAaTU3HPOBAH-
HBII CIIOCO0 OpraHU3alyuy KOHTPOJIUPOBAHUSI.

Kniouegvie cnosa: cucteMbl 3HEPrOPECYPCOB, AJIEKTPUUYECTBO, aBTOMATHU3alLUsl ydyeTa 3JIeK-
TPOIHEPTHUH.

Ivan S. Esenkin

Far Eastern State Technical Fisheries University, ENb-412, Russia, Vladivostok, e-mail:
esenkinl30@yandex.ru

Scientific adviser — Elena P. Matafonova, PhD, Associate Professor

Energy accounting systems ECRON and SIMEC

Abstract. The final goal of each production is the production of finished products according
to the lowest cost. In particular, a huge part of the energy resources in the structure of the
cost of the product. The desire for the latest financial relationships, the creation of a con-
trolled and managed energy market, the need to significantly reduce part of energy costs in the
cost of the final product. The article will discuss the automated way of organizing control.

Keywords: energy systems, electricity, automation of electricity metering.

BBeaenue
OKOHYATEIBHOM LETI0 KaXKIO0T0 MPOU3BOJICTBA CYUTAETCS MPOU3BOJICTBO T'OTOBOM MPOIYK-

UM COTJIACHO HaMMeEHbIlEeH ce0ecTOMMOCTH. MHOIO3HAYUTEIbHBIM 3J€MEHTOM, 4YTO BHOCHUT
BJIOKEHHE B c€0ECTOMMOCTH MPOJYKTa, CUUTAIOTCS TpeOyeMble C LENIbIO €€ BBIITYCKa 3JIeKTpuye-
CTBO M 3Hepropecypcsl. B 0cOOEHHOCTH OrpoMHa YacTh SHEPreTHUECKUX PECYPCOB B CTPYKTYpe
cebectoumoct npoaykra. CTpemieHrne K HOBeHIIUM (PUHAHCOBBIM B3aMMOOTHOILEHHSIM, CO3/a-
HUE KOHTPOJMPYEMOTO M YHPABISIEMOTO PHIHKA 3HEPrOpecypcoB, HEOOXOAWMOCTh 3HAYMMOIO
CHIDKEHHSI YacTH HPHEPreTHUECKUX PACXOJ0B B CEOECCTOMMOCTH OKOHYATEIBHOTO IMPOJYKTa M
TaKXe IMpOoYHMe CTpaTerHuyecKue MpoOsieMbl (PUHAHCOBO-NOJUTUYECKON NEATENBHOCTH KaXKION
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AKTUBHO pa3BUBAIOIIEHCS (PUPMBI IPU3BIBAIOT Hanboee MoAPOOHO paccMaTpUBaTh KOHTPOIUPO-
BaHHUE U y4YeT M3rOTaBIMBAEMBIX U YHOTPEOJIIEMBIX SHepropecypco. PaccmarpuBaercst aBToMa-
TU3UPOBAHHBIN CIIOCOO OpraHN3alui KOHTPOJIUPOBAHHUS.

1. YcrpoiicTBO aBTOMATH3HPOBAHHON CHCTEMbI KOHTPOJISI Y4€eTa JHePropecypcoB

Y MHOTHX MPOMBIIIICHHBIX KOMIIAaHUN UMeeTcst 2 U 0oJiee MUTAIINX BBOJA, HA KOTOPBIX
YCTaHABIIMBAIOTCS PACUYETHBIE CYETUMKU dJeKTpruecTBa. C IENbI0 ONpeAeNieHus COBMEIICHHON
HArpy3kd BO BpeMs MaKCHMyMa SHEPrOCHCTEMBI HYKHBI CIICIIUATH3UPOBAHHBIC UTOTOBBIC MPH-
O0pBI — CyMMAaTOPBHI.

Hcnonb3yeMble B TPOMBINIICHHBIX (PHPMaxX aBTOMATH3MPOBAHHBIC CHCTEMBI y4eTa 3JICKTPH-
YecTBa OCYIIECTBISIOT pasHooOpa3Hbie GyHKIMHU. C UX MOANEPKKON BEIEeTCS KOHTPOIUPOBAHUE
MaKCHMaJbHOW COCJIMHEHHON HArpy3Kd KOMIIAHUH, (OPMUPYIOTCS MPEAyNPEIUTEIbHBIC CUTHA-
JIbI TP BO3HUKHOBEHUHU HAMPABICHHOCTH K MPEBBIIICHUIO 3asBICHHOTO MaKCHUMyMa Harpys3Ku,
BBIIAIOTCS YKA3aHUSI HA BBIKITIOYCHHE MTOTpeOuTeNneit

[IpumeneHne cymMmMaToOpoB, KpOME TOTO, AA€T BO3MOKHOCTb C(POPMUPOBATH OOIIYIO CUCTEMY
ABTOMATH3UPOBAHHOTO KOHTPOJIMPOBAHUS HA MPEANPUSATHH ¢ 2 U 0oJiee MUTAIOIIMX BBOAAX C
00BeAMHEHUEM B BBIYUCIUTENbHbBIE U CUCTEMBI yUeTa.

B kauectBe 0oOpasua B puc. | mpeacraBieHa ynpolieHHas MPUHIUITHAIBHAS CXeMa aBTOMa-
TU3ALUY y4eTa JIeKTpUYecTBa AJsl KOMIaHUH, MOTyYaroiei nutaHue mo 4 BBOJaM CO MOAJIEPK-
koii 2 PIl. Ha BBojax ycraHoBiieHbl pacueTHble cueTunku PU-PI4, sBnstomuecs maruyukamu
MIPEBpAIICHUS SHEPTUH JJIA BRIYUCIUTEIRLHOTO ycTporicTBa (BY) u cucremamu yuera (CY). Cae-
JIeHUsT 00 SHEepPronoTpeOICHUH MPEACTABISAETCS B BHIE UMITYJIBCOB, BEIPA0ATBIBAEMBIX JJICKTPHU-
yecKuMU cueTurkamu. C 1eNbI0 UCTOIb30BaHUs B KaYECTBE JAaTUUKOB MPOCTHIX MHAYKIIMOHHBIX
CUYETUYMKOB B HUX BCTPAUBAIOTCS (DOTOIIEKTPUUECKUE TIPEOOPA30BATENH, C TIOIICPIKKON KOTOPHIX
CO3/aI0TCSI UMITYJIbCHI.

pan | EEOA 2 ERO 3 e d
Pl I P12 Pl3 _ . PI4

) rb | O 0

¢ S

| I
I

PI/IcyHOK 1- HpI/IHL[I/IHI/IaJ'IBHaH CXCMa aBTOMATU3UPOBAHHOI'O YU€Ta 3JI€KTpO3HGpI‘PII>i

IIpu orpoMHOHN yHaIeHHOCTH CYETYMKOB ¢ BY M cucremamu ydera, a TakKe IPU CIUSHUU
CBsI3el yueTa B KaTeropuu MPUMEHSIOTCS yeTpoicTBa coopa nanubix (Y C/I), mpousBeneHHbIC Ha
0a3e MHKPOIPOIIECCOPOB.

Ha puc. 2 ormeuatorcs cnepyromue sneMmeHTsl: YIIK — ycunurens ¢ mporpaMMHupyeMbIM
koopduuuentom ycmienus; YBX — yctpoiictBo BbiOOpku—xpanenusi; MOH — wucrounuk
onopHoro HanpspkeHust; [IJ] — mmHa naHHBIX.

Onno YC/I Buna E441 ciocoOHO OCYIIECTBIATH MOIy4YE€HUE JaHHBIX C 16 UMITYIbCHBIX JaT-
YUKOB M Tepeavy COrIacHO OAHOM nuHuM ceTh K BY Ha auctanuuu Briots 10 30 km. Hekoto-
pBI€ CUCTEMBI ydeTa oIMycKaroT nojcoequHenre k [IDBM. NntoctpupoBanHas cxema nocTpoe-
HUS aBTOMATH3UPOBAHHOM CHCTEMBI y4eTa dJICKTPUYECTBA JaHa Ha puC. 3. B cxeme 1 npuMepa
IIpeJCTaBiIeHO 48 MyHKTOB.
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Pucynok 3 — YporieHHas CTpyKTypHas cXeMa aBTOMaTU3UPOBAHHON CUCTEMBI
ydera 3JIeKTPOIHEPTUn

B cucremax aBTOMaTH3MPOBAHHOTO YUeTa MOACUYET MOIYyYaeMbIX UMITYJIbCOB, IIPEICTABICHHE
UX B 3HAYCHHUS MOILIHOCTH U DHEPTUH, paclpe/ieieHne U3MEPEHHBIX NMapaMeTpoB MO TapUpHBIM
30HaM, OpraHMU3alMsl TEKYIIEero BPEMEHU U AaThl, OJAEpPHKKa TOYHOCTH XOJa BHYTPEHHUX YacOB
U pyrue QyHKIMH BBITOJHAIOTCS anmapaTrypoil ¥ mporpaMMHBIM 00ecTIedeHHEM MUKPOIPOIIeC-
copa BY. 3a cuer ucnonb30BaHUs 3JIEKTPOHHBIX CPEACTB CO3/IAIOTCA CPEJACTBA aBTOMATHU3UPO-
BaHHOT0 KOHTpoJs 3Hepropecypcamu DKPOH n CUMOK.

2. Cucrema uH(GOPMANUMOHHO-U3MEPUTEIbHASI MHOITOYPOBHEBOI0 3JHEPrOKOHTPOJIS
(CUMDK)

Cucrema crienuann3upoBaHa Jjisl BO3BEICHUSI HePAPXUUECKHX ceTell yuera BeIpabOTKH, pac-
MPEJETCHUs] U MOJb30BAHUS DJIEKTPUUYECKON 3Heprun B 3Heprocucremax U COC sHEproeMKux
noTpeOuTenei.

CHUMDK pgaer BO3MOXHOCTH  OCYLIECTBUTH  MHOTOYPOBHEBYIO  TE€PPUTOPHAIBHO-
pacmpesielieHHy 0 ceTh cOopa JaHHBIX 00 3HepronoTpedbneHun. [lpu 3ToM BO3MOXKHA TIepeada B
BEPXHUU YPOBEHb PA3JIMYHBIX XaPaKTEPUCTUK U HUKHETO YpOoBHs. C BEpXHETO YPOBHS B HUKHUI
MNoAar0TCAd JIMMUTBI MOITHOCTHU U SHCPrun, MpeaACiibl BpCMCHHBIX 30H, KOMaHAbl HAa BBIKJIFOYCHHUC
noTpeduTenel, ctaBku TapudoB, 3HaAUCHU BpeMeHu. CucTema ydera o0yaiaeT MUPOKUMHU pe-
TPOCHCKTUBHBIMH BO3MOXXHOCTAMHU, COXpaHAA CBCACHUA COINIACHO MAaKCUMAJIbHBIM IICPCTPYy3KaM
3a MUHYBIIUE 14 qHEN, MOJIy4acOBBIM pacxXoJaM HEPTHUM 10 § rpynmnaM 3a Npouuibie 7 JHEH, Mo
pacxoay 3HEPIHH B ITOJIHOM U 110 4 CYTOYHBIM Y4YacTKaM 3a pacy€THbBIN NEPUOI U JIp.
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Cucrema cocTOUT U3 yCTpOHCTBa 00padaThIBaHUS JAHHBIX, K KOTOPOMY JOITyCTUMO IMOJICO-
enuHeHue ynaineHHblx [IDBM. OBM u BuaeoTepMHUHAIOB pa3HbIX YPOBHEW CHCTEM ydeTa U KOH-
tponupoBanusi, YCJI, mpubopsl oToOpakeHUs MaHHBIX U myibTa ynpasieHus. CUMOK nmaer
BO3MOYKHOCTb ITO/IBEPTaTh 00pabOTKE BILIOTH 0 256 UMITYJIbCHBIX KaHAJIOB.

3. Cucrema 3Hepropecypcokontpoas IKPOH

Cucrema »sHepropecypcokontposis OPKOH npennasHadueHa nns opraHusanuu  ydera
SHEPrUM M PECypCcoOB Ha MPOMBILIUICHHBIX MPEANPUATHSAX B JHEPrOCUCTEMAX U IKHIMIIHO-
KOMMYHaJIbHOM XO03siicTBe. B cucremy Bxonar cuetunku-gatuuku, YC/l, BY u IIDBM. Ha oc-
HoBe cucteMbl DPKOH B03M0XHO ITOCTpOEHNHE aBTOMATU3UPOBAHHBIX CUCTEM KOHTPOJISI M yueTa
aneKkTponoTpebienus 6oiee Boicokux ypoBHel. Cuctema DPKOH obecnieunBaer 06paboTKy mo-
CTYTAIOMIKX B HEE JaHHBIX 1o 96 kaHanaM. [Ipu 3TOM momyckaeTcst 00beAMHEHNE KaHAJIOB y4eTa
B IpyHIbl OOLIMM KOJMYECTBOM 10 64. 3ajaHue TPYIHOBBIX JUMHUTOB MOIIHOCTEH, 30H CYTOK
JUISL Ka)KJIO0 KBapTalla, BpeMEHU U JaThl, COCTaBa IPYIIN KaHAJIOB y4eTa U JAPYTuX JaHHBIX MO-
JKET OCYILLECTBIAThCA ¢ myibTa BY, [I9BM unu 1McTaHIIMOHHO TIO KaHaTy CBSI3U.

VYcerpoiictBa cuctemsl DPKOH He TpeOyloT oT morpeOuTenss OOCTY)KMBaHHS W HMEIOT
TrEepMETUYHOE UCIIOJIHEHUE, a CIIEJ0BATEIbHO, 3alIUILEHbl OT BO3JEHCTBUS OKPYIKAIOLIEH CPEMBI.
VYka3aHHbIE CBOMCTBA CHUCTEMBI CIOCOOCTBYIOT €€ npuMeHeHuto B COC NpOMBIIUIEHHBIX
MIPEAIPUATHI.

W3 3apy0OexHbIX CpesiCTB aBTOMaTU3UPOBAHHOTO IUCTAHIIMOHHOTO YyUeTa 3JEKTPOIHEPTUU Ha
IIPOMBIIUICHHBIX ~ NPEANPUATUAX  IIUPOKOE  PACHpOCTPAHEHHE  IOJNYYWIM  BEHIEPCKHUE
MUKpOIIpoLleCCOpHbIE nporpammupyembie cuctemsl Thna ETu-M, ET8-L.P u 1.1

CrpykrypHas cxema, AeMoHcTpupytomas padoty cucrem CUMOK u D9KPOH paccmoTpena
Ha puc. 4.
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Pucynok 4 — CtpykTypHas cxema aBTOMaTH3UPOBAHHON CHCTEMBI YHEPTOKOHTPOJIS

4. MHOTO(pyHUMATBHBINH CYHETYUK «AJbday

[ToMuMO MpUMEHEHUSI MHOTOYPOBHEBBIX CUCTEM YUeTa YHEPrOPECYPCOB €CTh (DyHKITMOHAIb-
Hbl€ CUeTUMKH. M3 uncna KOTOPBIX MOKHO OTMETUTH BBIITyCKaeMmble B Poccuu cueTuuku cepuu
«Aunbday, puc. 5.

CueTunk Buaa «Anbday Creuanu3upoBaH C IEeNbI0 YYeTa aKTUBHOW U PEaKTUBHOM dHEPTUU
B IIETISIX TIEPEMEHHOTO TOKa, HO, KPOME TOT0, C IEJIbI0 UCTIOIB30BAHMS B COCTABE aBTOMATU3UPO-
BAHHBIX CHCTEM yUY€Ta U KOHTPOJIS AIEKTPUIECTBA.

CueTyuk JaeT BO3MOXKHOCTb OMPEEIATh aKTUBHYIO U PEAKTUBHYIO SHEPIHIO U MOIIHOCThH C
kiaccoM ToyHocTH 0.2 6o 0.5, yYuThIBaTh U3PACXOJAOBAHHYIO JTHOO BBIJAHHYIO DHEPTHIO CO-
rnacHo 4 TapudHBIM ydacTKam, OMpeaeNsaTh HauOOJBIIYI0 MOITHOCTh HATPY3KH Ha PAacCYCTHOM
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MPOMEXYTKE Meprosa, PUKCUPOBATh MAKCUMAJIbHYIO0 aKTHBHYIO PEAKTHBHYIO MOIIHOCTH C Iie-
JbIO KaXK10M Tapu(HON 001aCTH, 3aUCHIBATh U COXPAHATH B MMaMATH CUCTYUKA CBEIEHUS rpadu-
Ka Harpy3Ku, aBTOMaTHYECKH OCYIIECTBIISATh KOHTPOJIb HATPY3KU C BO3MOYKHOCTBIO €€ OTKIIFOUe-
HUS TUOO0 CUTHANU3AIMK MIPU JOCTIKEHUH 33aJaHHBIX 3HAYCHUH, IepeaaBaTh pe3yJIbTaThl 3aMe-
POB Ha JAUCIETYEPCKUN MYHKT 10 KaHallaM CBSI3U, 3aKPEIUISITh NMEPEPHIBBI B AJIEKTPOCHAOKEHUU.
H3mepsieMble BEIUYHHBI U JIOTIOJHUTENBHBIE CBEICHUS UMEIOT BCE IIAHCHI IOOYEPETHO 0TOOpa-
KaThCS HA JUCIUIEE CUETYMKA, BBIITOJIHEHHOTO HA KUJKUX KPUCTAJUIAX.
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PucyHok 5 — CtpykTypHas cxemMa MHOTO(YHKIIMOHAJILHOTO cueTunka Asbda A1T

C menpr0 OCYHIECTBJICHUS YKa3aHHBIX MHOTO()YHKIIMOHAIBHBIX CIHOCOOHOCTEH CYETYHK
«Anbda» uMeeT B CBOEM COCTaBe M3MEPUTEIbHbIC JaTUUKH HAMPSHKEHUS U TOKA, CIIeIIMATU3UPO-
BaHHBIN MPOIIECCOP M BCIIOMOTATEIbHBIC YJICKTPOHHBIC IJIATHI, PACIIUPSIIONINE PYHKIIMA HX KPH-
ctamoB. C nenro yHU(PUKAIMK TPUMEHEHHS] CUETYHK «AJb(pa» MOXKET ObITb HW3TOTOBICH B
cnenyromux 0a30BeIX Mogudukanusx: A1D — mis 3aMepa aKTUBHOW SHEPTUU M MOITHOCTH 0€3
peXrMa MHOTOTapu(HOCTH;

AI1T — nnst 3aMepa aKTHBHOW YHEPTUH U MOIIHOCTH BO MHOTOTapU(HOM PEXHUME;

A1K — o6mamaeT BO3MOXKHOCTBIO 3aMepa B 2 BapHUaHTaX, yCTAaHABIMBAEMBIX MPOTPAMMHBIM
MyTeM:

a) aKTUBHOW SHEPTHHM W MOITHOCTH BO MHOTOTApU(DHOM peKUME U CYMMapHOW PEaKTUBHOU
SHEPrUM B OTCYTCTBUU PEKUMA MHOTOTAPU(PHOCTH;

0) peaKTHBHOW SHEPTMH M MOUTHOCTH BO MHOTOTapU(PHOM PEKHME M CYMMapHON aKTUBHOU
SHEPrUH B OTCYTCTBUU PEKUMA MHOTOTApU(PHOCTH;

A1K — unentuden 6azoBoit momudpukanuu A1K, ogHaKo MpOBOAUTCS U3MEPEHHE IOTHOU
MOIIHOCTH U YHEPTHH B3aMEH PEaKTUBHOM.

Bce momudukanum mMeroT kimacc mpaswibHOocTH 0,2, HAa 4TO TOKaswiBaeT Iudppa 1. Ilpu
kiacce To9HocTH 0.5 B 0003HaYEHUH BHJIa BMECTO Yucia | craBUTCs 4mcio 2.

CrocoOHOcTH cyeTurka B 0azoBoM mcnonHeHud A1T, A1R u A1K uMmeroT Bce MaHChl ObITh
paciiipeHsbl MyTeM TOIKIIOYEHHS JOMOJHUTENBHBIX dJIEKTPUUYECKUX IUTOB. K TaBHOMY THITY
cYeTyuKa MpUOaBISIOTCS JIUTEPHI, UMEIOIINE TAKOH CMBICI:

A — ompejenieHre YHEPruu U MOIIHOCTHU B 2 HAMPABICHHOCTSX;

L — 3anuce u coxpaHeHUE U3MEPEHHBIX TaHHBIX (TpaduKa AICKTPUICCKON HATPy3KH ).

Bba3oBbie THITBI CYETYUKOB MOTYT OBITH M3MEHEHBI B coOTBeTCcTBYIOMmIEee Buabl: JI1T-L, JI1K-
AL, JJ1K-L, JIIK-AL, JI1IK-A.
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PannonansHOCTh TpUMEHEHUs CYETUNKOB «Anbday B 3HeprocucteMax 1 COC mpOMBIIUICH-
HBIX KOMIAHUU O6yCJIOBJII/IBaCTC$I MOBBIIICHHUEM MTPABUJILHOCTU 3aMCPOB, HepCHeKTI/IBOI‘& nepexo-
J1a B BBIUMCJICHUH 32 MOTPEOICHHYIO 3JIEKTPUUYECKYIO SHEPTHIO COTIacHO AU(depeHIINPOBAHHBIM
Tapudam, yMEHBIIEHUEM TPYIIIIOBOTO YKCIIa YCTAaHABIMBAEMBIX CUCTUMKOB, TAKUM 00pa3oM, Kak
oauH cueturk Buga A1K-A umu JI1K-AL, u3mepstomnii akTHBHYIO U PEaKTUBHYIO SHEPTHIO B 2
HaNpaBJICHUAX, 3aMeHseT 4 MPOCThIX cueTuyrka. OMBIT UCMOJIB30BAHUS CUETUMKOB «AJb(a» B
Poccuiickoit ®enepanuu, bemapycu n MHBIX TOCyAapcTBaxX JTOKAa3bIBAET WX BBICOKHUE pabodne Ka-
YEeCTBa.

BriBoAa

belm paccMOTpeHBI CpelicTBa KOHTPOJISE DHEPropecypcoB MPOMBIIUICHHBIX MPEIMTUASITHM.
Kaxgas cucrema umMeeT CBOM HHIBUIYalbHBIE OCOOCHOCTH B 3aBHCHMOCTH OT COCTOSTHHS
OKpY’KaromIe cpeipl, METoJa M yCIOBUW palboThl, TapudHON 30HBI W T.O. [laHHBIE cpeicTBa
KOHTPOJISI Takke TO3BOJISIOT CHCTEMaTU3UpoBaTh M oOpabaTeiBaTh WHGPOPMAIUIO O
MOTPEOJIECHHON U PACX0IyMBIBAIOMOM SHEPTHH B KPaTYAIOIINE CPOKHU.

Bbubauorpadguyecknii CHUCOK
1. Pagxesnu B.H. IlpoexktupoBanue cuctem snexkrpocHabxkenus. Munck: HITOOO «I1U-
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2. ConosbeB A.H. CucreMbl aBTOMaTU3UPOBAHHOTO KOHTPOJIS dHEpropecypcos. M.: Boicmi.
mK., 2012. 276 c.
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BBenenue

Jl51s Toro 4T00BI BO3rOpaHue MOKHO ObLIO OOHAPYKUThH HA PaHHEW CTaJuH, BCe cyaa 00opy-
IYIOT cpeicTBaMU oOHapyxkeHHs moxkapa. [Ipexae Bcero, 3T0 OTHOCUTCS K MOYKapHON CUTHAIIU-
3allid, HO B ATHX XK€ IIeJIIX MOKET OBbITh HCIIOJIb30BaHA CHCTEMa BUJCOHAONIOICHUS, YCTAHOB-
JICHHAsI Ha CyJIHE, a TAK)KE PA3IMYHBIC OXPAHHBIC CHCTEMBI.

CynoBas nmo>kapHasi CHTHATH3AIIHS COCTOUT:

1. 3 naT4nKoB aBTOMAaTUYECKOU MOKAPHOW CUTHAIM3AINH, YCTAHABIMBAEMbIX B Pa3TUYHBIX
MOMEIEHUSX CyaHa (KUible, CIy>KeOHbIE, TPY30Bble, TPOM3BOJICTBECHHBIE MOMEIIeHUs, (HOoHAp-
HbIC, MAJIIPHBIC U T.1.).

2. TToxapHBIX W3BEMIATEIICH, PUBOJIUMBIX B JACHCTBHE BPYYHYIO IPU OOHAPYIKEHUU TIPHU3HA-
KOB TOokapa. V3-3a HeOOIBIINX pa3MEPOB PEUHBIX CYJIOB MOKAPHBIC W3BEIIATEIH MOTYT HE yCTa-
HABJIMBATh, HO HA MACCAXHUPCKUE Cy/la U TAHKEPA YCTAHABIUBAIOT 0053aTEIHHO.

3. [lynbpra moxapHOU CUTHATH3AIMH, KOTOPBIH yCTaHABIMBAETCS HA XOJIOBOM MOCTHUKE U KY-
J1a IPUXOJAT CUTHANBI C TATYUKOB U MOKapHBIX U3BEIIaTeNeH.

ABTOMaTHYECKHE AATYUKHU MMOKAPHON CUTHATU3ALMU — OJIHA U3 OCHOBHBIX YacTel CHCTEMBI,
KOTOpasi o0ecreynBaeT MPOTUBOIMOXKAPHYIO Oe3omacHOCTh. MIMEHHO cTeneHb 0e30TKa3HOCTH
JaT49UKa TAaKOW CUTHAIIM3AIMU OTPEACIseT B 1ejIoM 3PGEKTUBHOCTh CUCTEMBI, KOTOpasi odecrie-
YHBAET MPOTHUBOMOKAPHYIO O€30MaCHOCTb.

Buanl 1aTYNKOB
[ToxapHble JaTYMKKU AENATCA HA YETHIPE OCHOBHBIX BHU/IA:
1) TerioBeIE;
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2) ILIMOBBIC;

3) IaTYUKU TIJIAMEHHU;

4) KOMOMHUPOBAHHBIC.

1. TenyoBo¥M AAaTYMK MOXKAPHON CUTHAJIM3ALMM pearupyeT Ha HaJIM4Ue NepenaoB TeMIiepa-
Typbl. C TOYKH 3pEHHs yCTPOMCTBA TEIJIOBBIE NaTYMKHU JCIIATCS:

a) Ha MOPOTOBBIE — C 3a/laHHBIM MPEAEIOM TEMIIEPATYPBI, IIOCJIE YEro CPabOTaIOT JaTUUKY;

0) MHTErpaNbHble — PEAruPyIOT HA PE3KYI0 CKOPOCTh U3MEHEHUS TEMIIEPATYPHI.

[ToporoBsie JaTYMKK 00IATAIOT CPABHUTEIBHO HU3KOU A()(PEKTHUBHOCTHIO, YTO 0OYCIOBICHO
MIOPOTOM TEMIIEPATYpPhl, HA KOTOPOM JTaTYMK cpabaThiBaeT, mopsaka 70 °C. A crpoc Ha 3TOT BU
JTATYUKOB 0OYCIIOBJIMBAETCS UCKIFOUUTEILHO HEBBICOKOM IIEHOM.

WHTerpanbHble MOKapHbIE JATYMKU CIIOCOOHBI 3apErUCTPUPOBATh MOKAp HAa PAaHHMUX CTaaM-
aX. OJJHAKO MOCKOJIbKY B HUX INPUMEHSIOTCS JBa TEPMOVIEMEHTA (OJUH B CaMOW KOHCTPYKLUHU
JlaTYuKa, a Ipyroil BEBIHOCUTCS 3a Mpesienbl AaT4riKa), a B caM JATYMK BCTPAaUBAETCs CUCTEMa 00-
pabOTKM CUTHAIA, [IEHA TAKUX M0KAPHBIX JATYMKOB OYyJIET OLLYy TUMOM.

Hcnonp30BaTh TEMIOBOM NAaTYMKHU MOKAPHOW CUTHAIM3ALMM CIEIYET TOJIBKO TOTJa, KOrAa
OCHOBHOM NIPU3HAK I10)Kapa — TEIUIO.

2. JIpIMOBBIE TaTYMKU MTOKAPHOW CUTHAJIM3ALMN ONPEIEIAIOT HAIMYKE B Bo3ayxe AbiMa. []o-
YTH BCE MPOU3BOJUMBIEC IBIMOBBIE JATYMKH PAOOTAIOT B COOTBETCTBUM C MPUHIIUIIOM pacCesHUs
Ha YyacTUIax JbIMa HHPPAKPaCHOTO M3IydeHHUs. MUHYC TaKoro JaT4uka — OH MOXET cpaboTaTh
npy OOJBIIOM KOJMYECTBE Mapa WIM MbUIM B nomMenieHnu. OIHAKO JBIMOBOM JaT4MK TakKkKe
4Ype3BBIYaiHO PacIpOCTPAHEH, XOTs, pa3yMEETCs], HE UCIIOJIb3YETCS B 3albIJICHHBIX KOMHATaX U
KypHJIKaX.

3. JlaTuuk IUTAaMEHH MOJApa3yMEBAeT HAIMYME TIICIOIIEr0 odara WM OTKPBHITOrO IUIAMEHH.
JlaTunKy TUIaMeHU cIeayeT yCTaHABIUBATh B TEX MOMELICHUAX, I/I€ BEPOSATHO MOSBICHUE MOXKa-
pa 0e3 npenBapUTENbHOTO AbIMOBbIENeHUA. OHM 3 (heKTUBHEE ABYX MPEIbIIYIUX TUIIOB U3ITY-
yaresnel, MOCKOIbKY OOHapyXeHHE IJIAMEHU OCYIIECTBIISIETCS Ha HadaJlbHOM JTale, Korjga otT-
CYTCTBYIOT MHOTUE (haKTOpbl — JbIM U 3HAUMTENbHBIA Mepenaj TeMrneparypbl. A B HEKOTOPBIX
IIPOM3BOJCTBEHHBIX IOMELICHUSAX, KOTOPBIE XapaKTEPU3YIOTCS BBICOKUM YPOBHEM 3aIbIJICHHOCTH
WX OONBIINM TEMI00OMEHOM, UCTIONB3YIOTCS TOJIBKO MOXKAPHbIE TaTYUKU TUIaMEHH.

4. KoMOMHMpOBaHHBIE TaTYUKU MOXKAPHON CUTHAJIM3ALMU COYETAIOT B ce0e HECKOJBKO CIO-
co0OB ompeseNeHNus MPU3HAKOB MoXkapa. B GONbIIMHCTBE Cy4aeB KOMOWHUPOBAHHbIE JaTYUKU
COUETAIOT JBIMOBOM JaTUYMK BMECTE C TEIJIOBBIM. JTO MO3BOJISIET TOYHEE ONPEAEIUTh MPUCYT-
CTBHE MPU3HAKOB MOXapa, YTOOBI MOAATh HA MyJILT CUTHAN TpeBOru. CTOMMOCTD JTaHHBIX J1aT4H-
KOB NPOMNOPIMOHAIbHA CIOXHOCTH TEXHOJOIMM, KOTOPBIE MCIIOJIB30BAHBI IIPU €r0 CO3/IaHUU.
OCHOBHOE JIOCTOMHCTBO KOMOMHHPOBAHHBIX M3BEIIATENEN — OMOJHUTENbHAs 3allUTa: MaKCH-
MaJIbHOE€ YCTPOMCTBO pPearupyeT Ha MEUICHHO Pa3BUBAIOLIUNCA MOXKap, KOTOPBI MOXKET HE BbI-
3BaTh cpabarbiBaHus AuddepeHnnaipbHoro u3semarens. Kpome Toro, omuH KOMOMHUPOBAHHBIN
U3BelIaTeNb CIOCOOEH 3aMEHMThH JBa HW3BEUIATENsl: MaKCUMalbHbIM W auddepeHnnanbHbIH.
EnvMHCTBEHHBIM HEIOCTATKOM KOMOMHHUPOBAHHOTO M3BEIIATEINS SBISIETCS HEOOXOIUMOCTh 3aMe-
HBI BCETo NMprbopa B caydae BbIX0JIa U3 CTPOSI MAKCUMAaJIbHOTO YCTPOMCTBA.

O6mast 3¢ (peKTUBHOCTH CUCTEMBI MOKAPOTYIICHUS HAIPSMYIO 3aBHCUT OT BEPHO CKOHCTPY-
MPOBAHHOM CHCTEMBI IIO’KAPHON CUTHAIM3ALUH, ONUPAIOLIEHCs Ha JaHHbIE, II0JIy4aeMble OT I10-
JKapHOro faT4yvka. IMEHHO 103TOMY IPaBUJIBHOE PACIIONIOKEHHUE, IPUMEHEHUE JUIsl ONPEEIICH-
HBIX [TOMEIEHUH MOAXOJAIIEr0 BUAA 1aTUMKA, a TAKKE KadecTBa MOXKAPHbIX JaTYMKOB I03BOJIA-
eT onpeaenauTh 3PPEKTUBHOCTD MPOTHUBOMOKAPHONW CUCTEMBI 3IaHHS B LIEJIOM.

[1ynpT noxapHON CUTHAIM3ALMK YCTaHABIMBAETCS HA XOA0BOM MOcCTHKe. KOHCTpyKIMHM MOryT
ObITh pa3IMYHbIMU. [l0JKapHYO0 CUTHATU3ALMIO0 MOTYT OOBEUHAT C OXPAaHHOW CUTHAIM3aLUEH.

ITpu noape Ha MyJbT MOKAPHOW CUTHAJIM3ALMH MPUXOJUT CUTHAJ, KOTOPBIA MOXKET MOCTY-
IUTh Kak OT JaTyuKa, TaK U OT PYYHOro IMokapHoro m3pemarens. Ha wuHaumkarope 3aropurcs
JIAMIIOYKa, COOTBETCTBYIOIIAs KaKOi-1100 30HE Ha Cy/AHE U MPO3BYUYHUT 3BYKOBOH curHain. Takum
00pa3oM, BaxXTEHHBI HAaYaJIIbHUK Oy/aeT 3HaTh, B KAKOW YaCTH CyJHA BO3HHUK IOXap, U OyneT
00BsIBIICHA O0IIECY/I0OBast TPEBOTA C YKa3aHUEM MECTa BO3TOPAHMS.
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Jna nepenaun uHGoOpManuu OT JaT4YMKa K HEHTPaIbHOMY NMPUOOPY HCMONB3YIOTCS JTUHHUU
CBsI3M — KaOenmbHBIC Tpacchl, OOpa3yroIIue Jy4Yd, K KKIOMY W3 KOTOPBIX MOAKITIOYAETCS He-
CKOJIBKO JIaTYMKOB M PYYHBIX H3BELIaTeNeH, pacloioKEHHbBIX B OJJHOM MJIU OJIM3KUX JIPYT K JIpYy-
ry noMCcuiCHusX.

CurHanuzamnus oOHapy>KEHHUS ToXKapa JA0JHKHA 00ecriedrBaTh OBICTPOE OmpeiesieHne 00bheK-
Ta, C KOTOPOro NpHUHAT CUTHAJ, AJId 4€ro NpCANOUYTUTCIBHO ITPUMCHCHUC MHCMOCXCM (a Ha I1ac-
CaXUPCKUX Cyaax — oOs3aTenbHO). [Ipu cpabarbiBanuy M3BemIaTeNsl JOJDKHA CpabaThiBaTh 3BY-
KOBasA U BU3YyaJIbHAd CUTHAJIM3ALWA HA IYJBTC YIIPABICHUSA CUCTCMBI. Ecau B Teuenne 2 MUH 3TH
CUTHAJIbl HE MPUBJIEKYT BHUMAHUS U He Oy/JeT MOATBEP)KJIEH UX MPHUEM, BO BCEX JKUJIBIX TOMe-
MICHUAX JSKHIIaXKa, CJIy)K€6HI>IX, MalllMHHBIX MMOMCHICHUAX, HA MOCTAX YIPABJICHHUA aBTOMATHUYC-
CKHU TOJIa€TCSl CUTHAJ TPEBOTH.

B HCKOTOPBIX THUIIAX CHUCTCM HO)KapHOﬁ CUTrHaJIn3alliu NpcaAyCMOTPCHO HC TOJIBKO OIIPCAC-
JIEHWE JTy4a, K KOTOPOMY TIOJIKJIFOYEeH Cpa0OTaBIIMK TaTYuK, HO M HOMepa AaTunka. C 3Toi 11e-
JIBIO MapaJlyICJIbHO K KOHTAKTAM JAaTYWKa MOJAKITHOYACTCA GaHHaCTHOG COIIPOTUBJICHHUC WJIM KOH-
neHcarop. Ilpu cpabGaTeiBaHUM aTYMKa €ro0 CONPOTUBIECHUE OTKIIOYAETCs U 00pa3yeTcs KOHTYp
C OCTaBHIMMHUCA PC3UCTOpPAMU, U3MCPCHHUC COIIPOTHUBJICHUA B KOTOPOM IIO3BOJISACT OIPCACIINUTDL
HOMEP CpabOoTaBIIETO AaTUYHKA.

HIuT noxkapHoO# CUTrHAJIM3AIUU

Ha mure moxapHoil curnanuzanuu (pUCYHOK) BbIkiouarenn S1, S2 1omKHBI OBITH MOCTO-
STHHO BKJIFOYEHBI. Tak Kak KOHTaKThl MOKAPHBIX M3BEILIATENICH MPU HOPMAJIBHOW TemIepaType
3aMKHYTBI, TOK IPOXOAUT 4epe3 KaTywky pesne K1, oqHonomtocHbli BeIKIIOYaTENb S1 U KOHTaK-
ThI BCEX M3BENIATENICH, COSAMHECHHBIX mocienoBaTenbHo. Pee K1 cpabareiBaeT u pa3mblkaeT
CBOM KOHTAaKTBHI B IIeTsIX CUTHaIbHOM Jamnbl H1 u 3Bonka H2.
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Cxema HIIIC

Cxema HaxoUTCS O] HAPSYKEHUEM U ITOCTOSIHHO FOTOBA K JIEHCTBHIO.

[Ipu moBbIlIeHNH TeMIlepaTyphl BO3ayXa B MalIMHHOM otaeneHuu 1o 70 °C oauH Ui He-
CKOJIKO M3BeUIaTesel, HaXOAsIMXCcsl Hanbosee OJIM3KO OT oyara IMOBBIIICHHOW TEMIIEPaTypHl,
cpabarbiBatoT. Pa3mbikaetcs nens nutanus karymku pene K1 na HIIIC. Pene oGectounBaercs u
3aMbIKAaeT CBOM KOHTAKTHI B LIEMSAX MUTAHUS CUTHAJIbHOM JIaMITbl ¥ 3BOHKA. JlamIia BKitoyaercs, a
3BOHOK 3BOHHUT.
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[Topaua curnana «lIloxap» mpomoskaercs A0 TeX MOp, MOKa TeMIepaTypa BO3AyXa B Ma-
IIMHHOM OTJesIeHnu He crtaHeT Hwke 70 °C u u3BelaTeslb CHOBa HE 3aMKHET CBOM KOHTAaKTHI B
uenu karymku pene K1.

Jlnd cusatus 3sykoBoro curnana Ha H{IIC ycTanoBneH BbIkitouaTens S2.

Hannuue B cxeMme NMUTaHUS U UCIIPABHOCTH PEJi€, 3BOHKA U JIAMIIbI IPOBEPSIIOT pa3MbIKAHUEM
BbIKIO4arens S| nenu karymku pene. [lpu BeikinroueHnn karymku pene K1 ero KoHTakThl 3a-
MBIKalOTCs U nozgaercs curHan «lloxkap», Kak ¥ B ciyyae aBTOMAaTH4ECKOIro cpabaThIBaHUs IIO-
JKapHBIX U3BEIIATEIICH.

Konnencarop C npeaHa3HadeH JUisl 3allUThI OT JIOKHBIX CpabaThIBaHUN W3BELIATENS B yCIIO-
BUSIX TMOBBIIIEHHOW BUOpanuu Kopmyca cyaHa. Ilpu pa3MblkaHMM KOHTAaKTOB M3BeILATeNei perne
KPaTKOBPEMEHHO OCTAETCsl BKJIIOUEHHBIM M3-3a TOKA pa3psizia KoHaeHcaTopa. KonneHcaTopsl no-
JOOHOTO Ha3HaYEHHs OOBIYHO BCTPOCHBI B M3BEILATEIH.

Yuusepcanbubiii 1aTuuk AY-P1

YHuusepcanbhbiii 1atuvk JJY-P1 — GecripoBoiHOE YyCTPOMCTBO, KOTOPOE SBIISIETCS IOBOJIBHO
YHUBEPCATbHBIM MPHOOPOM M MOXKET HCIIOJIB30BAThCS B PA3IUYHBIX PEKUMax padoOThI, MpeaHa-
3HAUEH JUIsl U3MEPEHUS TEMITEPaTyPhl OKPYIKaIOIIEH CPEIbl.

H3mepeHHyI0 TeMIiepaTypy JaT4dK COXpaHsSeT B COOCTBEHHOM apXHBE M MepeAaeT Ha MpH-
emHuK paguocurHana (ITPC) nns nepenauu B TepMHHAIL.

D10 OecripoBOAHON MPHOOp, OH MONHOCTHIO aBTOHOMEH. He Hy»XmaeTcs B MpOKIagKe Ka-
OeIBHBIX TPACC, 3aMEHE DJIEMEHTOB MUTaHMs U 00cTy)kuBanus. OTCyTCTBHE POBOAOB 00JIETdaeT
MOHTaK U 3HAUUTENBHO COKpalaeT ero BpeMs. Mcnonb3yercs paauountepdeiic, padboTaromiuii B
nuanasone 2,4 I'T1, ¢ coOCTBEHHBIM TPOTOKOJIOM. MOKET HCIIOIB30BaThCs 0€3 HABUTAIIMOHHOTO
TepPMHHAJA, TaK KaK UMEET BCTPOCHHYIO MaMsATh IJsl XpaHEHHs pe3yJbTaTOB M3MEpPEHUH 3a mo-
cnennue 90 nHei.

Jls paboThI ¢ TEpMUHAIOM HEOOXOAMMO UCTIOIB30BaTh MPUEMHUK PaIMOCUTHANA.

JlaHHbIE B TEpMHUHAI MOTYT TI€pEAaBATHCS:

— no mmHe RS485 (mpotokon LLS unn ModBus);

—yacToTHOMY Bxony. Jlnamnazon yactotsl 500—1500 I'1y;

— yepe3 TUCKpPETHBIE BXOABI. JIUCKpEeTHBIN BXOA OyIEeT 3aMbIKAThCs (MU Pa3MBIKATHCS) MPU
HAXOXXJICHUU TEMIIEpaTyphl B 33IaHHOM Juamna3oHe. B patunke MoKeT ObITh HACTPOEHO JiBa HE-
3aBHCHMBIX TEMIIEPATYPHBIX JUAMa30Ha.

JlaTynk uMeeT TIoMOMpyeMoe KpeIuleHHe, UCKIIIoYarollee HeCaHKIIMOHUPOBAaHHOE BMeIIa-
TEIBCTBO B paboTy martumka. HacTpoiika qaTunka OCyIIeCTBISETCS AUCTAHIIMOHHO C TTOMOIIBIO
USB-pamuomnporpammaropa u nmporpammei-koHpuryparopa ASconfig.

Ha3znavenue

YHUBEpCATBHBIN JaTYMK MOXKET paboTaTh B KAYECTBE JII0OOOT0 HIKETIEPEUNUCICHHOTO JaTYH-
Ka: JBYXKaHAJIBHOI'O JaT4YMKa TEMIIEPATyphbl — IBYXKaHAIbBHOIO JAaTYMKa yIJla HAaKJIOHA C paauo-
METKOM — JIBYXKaHAJIBHOTO JaTYMKa KOHTPOJS PabOThI IKCKaBaTOpa ¢ paJuOMETKON — JaT4HMKa
KOHTPOJISI BBITPY3KH MYCOPHBIX KOHTEWHEPOB — PAJAMOMETKH JUI ObICTpONEpEeMEINAOIINXCs
00BEKTOB — JaTYMKA KOHTPOJIS KadueCcTBa BOXKICHUS — JaT4YhKa KOHTPOJS MOTOYAcOB — JaT4HMKa
KOHTPOJISI BPAILIIEHUSI EMKOCTH aBTOOETOHOCMECHTENS (MUKCEpa) — NaTYMKa COXPAHHOCTH TIepe-
BO3MMOTO Tpy3a (JIOTTep TeMIEPaTyphl, HAKJIOHA-TIEPEBOPOTA, Yaapa).

TexHu4yeckHe XapaKTePUCTUKHU

Juanazon pabounx Temmepatyp — ot -40 go +80 °C.

Crnioco0 nuTaHus JaT4MKa — 3aMeHsieMasi B 3aBOJICKUX YCIIOBUAX OaTapes.

Cpennee Bpemst xxu3HH 6aTaper — ot 6 10 10 1et, B 3aBUCUMOCTH OT BBIOPAHHOTO THTIA JATYHKA.
PexxumM paboThI 1aTunKa — MMOCTOSTHHBIM.

Crnioco0 nepenaun JaHHBIX — paguokanan 2.4 I'T.

["apaHTHUIHBIN CPOK CITYKOBI JaTUHKA — 36 MECSIIEB.

CpoK 3KCIuTyaTaluu JaTauka — 7 JieT.
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OOHOBJIEHHUE MTPOIIMBKH JAaTYUKA 110 PAAHOKAHAIY — €CTh.

BryTpeHHul )KypHail JOTTUPOBAaHUS HA3HAYAEMBIX JaTYUKOB — €CTh.

BHyTpeHHHE Yachl peaqbHOTO BPEMEHH — €CTh.

Crenens 3amuThl gatuuka — [P 67 (uMmeeT 3amuTy OT monajgaHus MbUIM U BPEMEHHOTO TI0-
TPY>XEHUsS B BOJy Ha ri1yOuHy He 6omee 1 m).
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IIpo6/ieMbI BO300HOBJIsIEMOii SJHEPreTHKH

Annomayus. Pa3BuTHE ambTepHATUBHBIX HCTOYHUKOB YHEPTUU MOPOJIMIIO MPOOIEMBI HAKOII-
JIeHUs JIMIIHEN 3HEPruM, KOTopas B OOJIBIIMHCTBE CIy4yaeB Tepsercs, IM00 pacxoyeTcs Ha
Harpes Bojbl. PaccMOTpeHbI BapruaHThl PEeIIEHUs JAHHBIX [TPOOJIEM.

Kniouesvie cnosa: conneunast snepretuka, Li-nonHele akkymynsatopsl, LFP-akkymynsTopsl,
Grid-tie uaBEpTOP.
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Scientific adviser — Ilia A. Kurbatov, PhD

The Challenges Renewable Energy

Abstract. The development of alternative energy sources has given rise to the problem of ac-
cumulating excess energy, which in most cases is lost or spent on heating water. This paper
will discuss options for solving the problems.

Keywords: energy, Li-ion battery, LFP-battery, Grid-tie inverter.

BBenenue

Ha nanublif MOMEHT B BO30OOHOBIISIEMOU 3JIEKTPOIHEPTETHKE CYIIECTBYET HECKOJIBKO OCHOB-
HBIX TTpoOJIeM:

1. Huskuu KI1/]. B xommepueckux conHeuHbix maHensx KIIJI coctasuser ot 10 o 30 %, ta-
KON pa30poc oOyCIIOBJIEH pa3iuiyveM B MPOM3BOJCTBEHHBIX MaTepuanax, X KOHCTPYKIUH, a
TaK)Ke PSIIOM BHEIIHUX YCIOBHI: MHTEHCUBHOCTU COJHEYHOTO M3IYUYEHUS, TEMIIEpaTypbl OKPY-
JKAIOUIeH cpebl U MOTOIbI.

2. Yacmuunoe nompebaenue ebipabomantol 3Hepeuu. B cOIHEUHON 3HEpreTHKe TONbKO 25 %
SHEPruM 3armacaercs B aKKyMYJSTOPBI, OCTalbHAsl YacTh SHEPTUU HCIIONB3YETCs JJisi 00orpeBa
MOMENICHUI B 3UMHEE BpeMsl WM Ha HarpeB Bojbl. HarpeB COJIHEUHBIX MaHele HUKaK He UC-
nmoJib3yeTcsl. JIUIIb B HEKOTOPBIX XO3UCTBaX yAAaeTCsl UCIOIb30BaTh 10 85 % Bcel BbhIpabOTaH-
HOM DHEpPIruu.

3. Meonennoe pazsumue mexnonocui. CAuTaeTCs, YTO UCTIOIB30BAHUE YTIIEBOJOPOIHBIX HC-
TOYHHKOB SHEPTrUU HIKOHOMHUYECKHU Oosiee BHIroHO. CONHEUHbIE MaHeI HAYMHAIOT OKYNaTh ce0s
CIIyCTSl HECKOJIBKO JIET, a 3JIEKTPOCTAHIIMN Ha BO30OHOBISIEMBIX UCTOUHUKAX DHEPTUU JIMIIb Ye-
pe3 necatunetus. OIHAKO 3amachl YIJIEBOJOPOIOB HE OECKOHEYHBI M OKA3bIBAIOT HEraTHBHOE
BIUSHUE Ha OKpyXKarollyto cpery. [1o 3Toil mpuunHe HEKOTOpbIE OTAETbHBbIE CTpaHbl EBporbl
y>K€ K KOHILY 3TOTO JIECATUIICTHUS XOTAT MOJHOCTHIO MEPEHTH Ha BO30OHOBIISIEMYIO SHEPTETUKY .

4. Hopoecas cmoumocmv macwmadbupyemocmu. Jlns BbIpaOOTKH OOJBIIOrO KOJIUYECTBA
AIIEKTPOIHEPTUU HEOOXOAMMO 3aJIeHiCTBOBAaTh M OOCIY>KMBATh OOJbIIE 3JIEKTPOYCTAHOBOK Ha
OospIIelt mIomaan. JTo CBA3aHO ¢ HU3KOU 3(h(hEeKTHBHOCTHIO HCIIOIH30BAHMS MOJIE3HOM TUTOIIA TH.
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MPPT xoutposieps! n Grid-tie uHBepTOPHI

HexkoTopbie BO3MOXKHBIE peIIeHUs TPOOIeM:

1. MPPT xoHTpoOJIepbl — OHU OTCICKHBAIOT TOUKH MaKCUMaJIbHON MOITHOCTH (aHTI. Maxi-
mum Power Point Tracking). 3ToT crnoco® ucnonb3yercs Ui MOJIyYeHUs] MaKCUMaJIbHON BO3-
MOKHOM MOITHOCTH Ha BBIXOJ€ (HDOTOMOAYJEH, ANEKTPUUYECKUX T€HEPATOPOB BETPOYCTAHOBOK,
AIIEKTPUYECKUX TEHEPAaTOPOB C IMEPEMEHHOW CKOPOCTHIO BpAIICHUS M KPYTALIMM MOMEHTOM,
AIIEKTpPOIBUraTeNIel, pabOoTaoIUX B PEKUME PEKYTIEPATUBHOTO TOPMOKEHHUS.

2. Grid-tie UHBEPTOP — YCTPOUCTBO, KOTOPOE MPeodpa3yeT IACKTPUUECTBO MOCTOSTHHOTO TOKA
(DC) B nepemennsbiii Tok (AC) mis mogayv SHEPTUUA B DJEKTPUUYECKYIO CETh, 00BIYHO 3TO 240
BOJIBT MEepeMeHHOro Toka yactoToi 50 I'm. Grid-tie ”HBEPTOPHI YCTAaHABIUBAIOTCS MEXIY MECT-
HBIMH MCTOYHHMKaMH BO300HOBIISIEMON SHEPrUU: COJIHEYHBIMU OaTapesMu, BETpOreHepaTopaMu,
TUAPOIEKTPOCTAHIUEH U 3JIEKTPUYECKOM CEThlo. B omiiMume OT TpaaulMOHHBIX WHBEPTOPOB
Grid-tie “”HBEPTOP TOYHO KOHTPOJUPYET (HOPMY M YACTOTY INEKTPUUIECKON CEeTH, KyAa MOAacTCs
AIIEKTPOIHEPT U OT BO30OHOBIISIEMbIX UCTOYHUKOB.

[TpeumymectBa MPPT koHTposiepoB — jAemieBr3Ha ¥ MaKCHMaslbHAs BBIPAOOTKA AJIEKTPO-
SHEPIUH, HEJOCTATKH — CPEIIHSS PEMOHTOIIPUTOJHOCTh U OTCYTCTBUE HHBEPTOPA.

[IpeumymectBa Grid-tie ”HBEpTOpa — MakCUMasbHasl BRIPA0OTKA JIEKTPOIHEPTUH, COXPaHE-
HHUE HEHUCIIOJIb30BaHHOW >HEPruH, BCTPOCHHBIM MHBEPTOP M BO3MOXKHOCTH MCIIONB30BaHHS 0e3
Oatapeil mpu HAIUMYUM 3eJIeHOTo Tapuda, HEJOCTaTKU — BBICOKAsk CTOUMOCTh U HHU3Kasi pEMOHTO-
HPUTOTHOCTbD.

HaxonuieHue B0300HOBJIsIEMOii 3J1eKTPOIHEPIrUH

Emé ogHoii mpobiemMoil BO30OHOBIISIEMBIX UCTOYHUKOB 3JICKTPOIHEPTUH sIBIsieTcs: Hedhdek-
TUBHOE COXpaHEHHUe >Hepruu. He Bcst BeIpaboTaHHAs AIIEKTPOIHEPTHUS UCTIOIB3YETCsl OTpeOuTe-
JIeM | JYYIINM pelIeHrneM OyJeT COXpaHUTh M3NIUIICK AJIs AalbHEHIIIero UCIOIb30BaHMUS.

HexoTtopsle pemeHust 3Toi MpoOIeMBbl:

1. Tesla Powerwall — nuTHii-nOHHBIN aKKyMyJISTOp, pa3paboTtanHeiidi komnanuei Tesla. Ax-
KyMYJIATOp MpeJHa3HAUEH JJIsi COXPaHEHUS! SHEPTUU B LEJSAX OBITOBOIO MCIOJIb30BaHUS, CBUTA
Harpy3KH MOTPeOJIeHNs, a TAK)Ke PE3CPBHOTO TUTAHMS.

2. DIY (camopnenbubie PowerWall) — B HUX MCIIONIB3YIOTCS TIPOBEPEHHBIE 0/y aKKyMYJISTOPbI
dopmara 18650 oT THpOCKyTEpOB, HOYTOYKOB U T.1, OObEIUHEHHBIC B CEKIIMU M3 HECKOJIBKUX
3JIEMEHTOB, COEIMHEHHBIX MMAPAUIEIbHO U MOCIE0BATENBHO.

Henocratku naHHBIX cOOpOK: MaiiKa 3J€MEHTOB, CIOXKHAsi 3aMEeHa 3JI€MEHTOB, HU3Kas 0e3-
OIMACHOCTb.

3. Powerwall PCB — neuaTHas miata ¢ XoJiiepamMu JUTsl IWIHHAPUIECKUX U UHBIX aKKyMYJIsi-
TOPOB CO BCIIOMOTAaTEIbHBIMH KOMIIOHEHTAMH, O0ECIEYMBAIONINX OE30MacHOCTh U JONOJIHH-
TenbHbIe (YHKIUU. [IpOEKT MOJHOCTHIO OTKPHIT JUIsl UCTIPaBICHUNM U BHECEHUs M3MeHeHud. Ha
JTAHHBIT MOMEHT HAaCUWTHIBAET y>ke okoJyio 10 Bepcwii, B KOTOphIE ObIN BHECEHBI KPUTHUYCCKHE
M3MEHEeHUs A1 obecredeHusi 0€30MacHOCTH M 3aBOJICKOTO KauecTBa.

PowerWall PCB umeer B cebe 3 1uiathr:

18650 Power Module — Moxynb 17151 akKyMyJIsITOPOB;

LED Indicator Module — Moty b 1uist HHIUKAIIMN 3apSAKU KQXKIOH sTUeHKH;

BMS Module — Moaynb 1151 MOHHTOpPHHTA 3apsiia aKKyMYJISITOpa.

Moynu o3BOJISIOT JIETKO U OBICTPO cOOpaTh CUCTEMY Ha JII000€ KOJIM4ecTBO KBT 4.

Bo3MoxHO rcmonbp30BaHue JTIOOBIX THIIOB M Pa3MEPOB aKKyMyJISTOpoB. Mcnons3oBanue Mo-
IYJTBHON KOHCTPYKITUH TMO3BOJISET JOOMTHCS MAKCHMAaJIbHON MacHITaOMPYyEeMOCTH M HCIOJIB30-
BaTh 3apsAl Ui JIIOOBIX 1LIeJieil, a XOuaepsl MO3BONSIET ObICTPO 3aMEHUTh BBIXOASIIUNA U3 CTPOS
aneMeHT. Hanmmuane TpéX cTeneHei 3almThl O3BOJISIET UCIIONB30BaTh 0/y aKKyMYJISTOPHL. VY Tie-
YaTHBIX JIaT MaKCUMaJlbHasi PEMOHTONPUTOTHOCTh, TPOEKT MOJIHOCTBIO OTKPBIT, YTO UCKITIOYAET
BapHaHT JOJTMX MOUCKOB BBIMIEAIINX U3 CTPOS JIEMEHTOB.

[Ipeumy1iecTBa JaHHBIX IUIAT:

* MaKCHMaJIbHasi PEMOHTOIPUTOJHOCTb;

* Jerkoe KOHGUTypHpOBaHHUE JFOOOTO HAMIPSKCHHUS,
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*  MacmTadupyeMocCTh;

» gnuuensus Open Source;

* HCMOJB30BaHHUE OJIOKOB OaTapeil B IIOOBIX MEIISX;

* mepepaboTKa aKKyMYJSITOPHBIX OaTapeil, He HCUEPIIaBIIUX CBOU pecypc;

* 0e30MacHOCTh MPHU UCTOIH30BAHUMY;

* IICHA.

Henocratku:

* JIOPOTOBHU3HA M3TOTOBJICHUS MEYATHBIX ILJIAT;

* BBICOKasi CTOUMOCTb KOMIUIEKTYIOIIUX.

B Tabnuue otpaxensl npeumymiectBa DIY PowerWall mepen kommepueckumu Tesla
PowerWall.

CpaBaenue kommepueckux Tesla PowerWall u DIY PCB PowerWall

Tesla Power Wall DIY PowerWall
e Ilena ot 250 mo 630 $/(xBt-u) * Ilena or 10 $/(kBt4)
*  Hwuzkas peMOHTONPHUTOJHOCTh *  Bricokas peMOHTONPUTOTHOCTh
*  Heobxommmo o6cTyXKuBaHUE *  CamooOcmyXxruBaHHE
*  HeB03MOXHOCTB 4TO-THOO C/IeNIaTh ca- *  Perynupyemoe KOJIMYECTBO
MOCTOSITEIILHO UCIOJIb3yEMBIX AJICMECHTOB

BeiBOA

Hcnonb3oBaHUE alaliTUBHBIX TEXHOJOTUN U OTKPBITHIX JUIEH3UN MO3BOJIAET MOJIy4aTh HU-
YEeM HE YCTYHNAIoIIME, a B HEKOTOPBIX CIy4dasX W JIY4YlIME aHAJIOTM KOMMEPYECKUX YCTPOMCTB.
MoxHo nepepabaTbIBaTh TUTUNH-UOHHBIE aKKYMYJISATOPHI, KOTOpPBIE HE BBIpabOTaNIN CBOW pecypc,
TpaTsi MUHUMYM CPEICTB, MEPEBOAS JOM, XO3MCTBO, MPEANPUATHE HA aJTbTEPHATHUBHBIE UCTOY-
HUKU SHEPTHUH, a JUIIHIOK SHEPTUI0 HAKAIUIMBATh M UCTIOJIB30BaTh MO3XKeE, 00 MpoJaBaTh roc-
yAapCTBEHHBIM 3JIEKTPOCETSIM, 3apadaThiBasi Ha 3TOM.
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IIpeoOpa3oBaTesid 4aCTOTHI ¢ HEMOCPEACTBEHHOM CBA3BIO

Annomayus. OCHOBHBIMH TOTPEOUTENSIMU DIIEKTPOSHEPTUU Ha TMPOU3BOJCTBE SIBISIOTCS
Tpex(da3Hble IIEKTPOABUTATEIN MEPEMEHHOT0 TOKa, a UMEHHO, aCHHXPOHHBIE 3JIEKTPOIBU-
raTejiu ¢ KOpoTKo3aMKHYThIM poTtopoM (AZIK3). MaccoBoe npumMeHEHHE JaHHOTO TUIA JBU-
rateneil 00yCIOBIEHO HA/ICKHOCTHIO, ACIIEBU3HON M MPOCTOTOM B dKCIuTyaTaruu. Hegocra-
TOK JJAHHBIX JIBUTATEJIEH 3aKJII0YaeTcsl B TOM, UTO CKOPOCTbh MX BpAIICHUSI 3aBUCUT OT KOH-
CTPYKIIMU JBUTATENSI M YaCTOTHI MUTAIOMIEH ceTh. PaHbllle aCHHXpOHHBIE IBUTATEN UCTIOJIb-
30BAJIMCh, KaK TMPaBUJIO, B HEPETYJIUPYEMBIX JJICKTPOMPHUBOAAX, MyCK KOTOPHIX OCYIIECTB-
JISTICS IPSIMBIM BKJTIOUeHHEM B ceTh. [Ipsmoit myck (ITIT) AJIK3 sBsieTcst He 3QdeKTUBHBIM,
TaK Kak MpHU IMyCKe co3aaeTcsi 00JbIION MyCKOBOM TOK, KOTOPBIM OKa3bIBA€T 3HAUUTEIHHYIO
Harpy3Ky Ha MUTAIOUIYIO CeTh, BHI3bIBAs 3HAUUTEIbHbBIC MAJCHHS HAMPSIKEHUS U yBEIMYUBas
MOTEPHU IIEKTPOIHEPTHH, & TAKKE COMPOBOXKIACTCS AIEKTPOJAMHAMUYECKUMHU U TepMUYe-
CKHMH TIeperpy3KaMu 0OMOTOK, YTO YMEHBIIIAET JOATOCPOYHOCTh pabOThI IBUTATEIS.

Knioueswie cnosa: 4acToTHBIN MpeoOpa3oBaTeib, IOCTOSHHBIA TOK, HEITOCPEACTBEHHAS CBSI3b,
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Direct-coupled frequency converters

Abstract. The main consumers of electricity in production are three-phase AC electric mo-
tors, namely asynchronous motors with a short-circuited rotor (ADKZ). The mass use of this
type of engine is due to its reliability, low cost and ease of operation. The disadvantage of
these engines is that the speed of their rotation depends on the design of the engine and the
frequency of the supply network. Previously, asynchronous motors were used, as a rule, in
unregulated electric drives, the start of which was carried out by direct connection to the net-
work. Direct start-up (PP) of the ADKZ is not effective, since during start-up a large inrush
current is created, which exerts a significant load on the supply network causing significant
voltage drops and increasing power losses, and is also accompanied by electrodynamic and
thermal overloads of the windings, which reduces the long-term operation of the engine.

Keywords: frequency converter, direct current, direct communication, PWM, pulse width
modulation, motor, asynchronous motor.

BBenenue

OnHO¥M M3 OCHOBHBIX 3a7]a4 YCOBEPIICHCTBOBAHUS TEXHOJIOTMYECKOTO MPOIecca B MPOMBIIII-
JIEHHOCTH SIBJISIETCS MUHMMH3AIUS MOTPEOIIEMONM SHEPTHH B oOecriedeHrue 0e30MacHOCTH Kak
000pyAOBaHHUsA, TaK U TEXHUYECKOTO MEPCOHAA.
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[Tpumenenue npeoOpa3oBarTeseil 4acTOThl B CUCTEMAaX PEryIMPyEeMOro IEKTPONpPUBOIA M03-
BOJISICT OCYHICCTBJIATH aBTOMATHU3ALIUTIO Bcei pa60T51 SJICKTPOABUTATCIIA: IIYCK, TOPMOXKCHHUC, PC-
BEPC U U3MEHEHUE €ro CKOPOCTH, MPU ATOM aBTOMATUYECKHU IJIABHO BKIIIOYAasi MyCKOBBIE COIPO-
TUBJICHUS, KOTOPhIE OOECIICUMBAIOT PETyIHpPOBaHUE TOKa B Tpebyembix mpenenax. OcoOeHHO-
CThIO TIpUMEHEHHUs mpeoOpasoBareneid B npuogax ¢ AJIK3 sBiseTcss TO, 9YTO OHM yHPABISIFOT
CKOPOCTBIO 3JIEKTPOJBUTATENSI B COOTBETCTBUU C XapaKTEPOM HArpy3Kd, 3TO YMEHbBIIAET PE3KUE
M3MEHEHUs HANpPSKEHUs B CETU NMUTAHUS U YBEJIMYUBAET IKOHOMHOCTh MOTPEOICHHS SHEPTHH, a
TaK>Ke HaJIe)KHOCTh BCETO MPUBO/IA.

IIpeoGpa3oBaTesib YaCTOTHI

YacToTHbIN TpeoOpa3oBaTeNb IEKTPOHHOTO THIIA — 3TO YCTPOHCTBO, COCTOSIIEE U3 BBIMIPSI-
MUTENs (MOCTa TIOCTOSIHHOTO TOKA), MPE0Opa3yIoIIero MepeMeHHbI TOK MPOMBIIIICHHON 4acTo-
THI B IOCTOSTHHBIN, 1 HHBEpTOpa (mpeodpazosarensi) (nHoraa ¢ LIIMM), npeobpasyromiero mocTo-
SIHHBI TOK B TIGPEMCHHBIN TPeOyeMOii YaCTOThI U aMILTUTYIbI, pHC. 1.
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Pucynoxk 1 — [IpeobpazoBaTens 4acTOTHI

IIpeoOpa3oBaTed YaCTOTHI ¢ HEMOCPEICTBEHHOI CBSA3bIO

ITpeoOpa3oBaresnn 4acTOTHI ¢ HEMOCPEACTBEHHOM CBS3bI0 MPEOOPa3yrOT HANPSDKEHUE C IO-
MOILBIO YYaCTKOB CUHYCOMJI nUTarouel cetu. OCHOBA TaKMX YCTPOMCTB — 3TO PEBEPCHUBHBIE TE-
pHUCTOpHBIE IPe0OPa30BaTENIN, KOTOPBIE, B 3aBUCUMOCTH OT CUTYaLH, MOTYT ObITh MOAKIIOUEHBI
10 BCTPEYHO-NAapaJIENbHOM, HYJIEBOW, MOCTOBOM MJIN MEPEKPECTHOM CXEMaM, puc. 2.

Cucrema ynpasneHusa

Ao

o P30

Pucynoxk 2 — IIpeoGpa3oBarens 4aCTOTHI C HEITOCPEACTBEHHON CBSA3BIO
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B mpeoOpazoBaresnsix ¢ HEMMOCPEACTBEHHOW CBSI3bI0 C €CTECTBEHHOW KOMMYyTaluen (IMKII0-
KOHBEPTOpax) CHIJIOBash 4acTb coOpaHa Ha OBICTPONEHCTBYIOMIMX THUPUCTOpPax. THUPUCTOPHBIN
0JIOK MOXKET OBITh COOpaH MO pa3IMYHbIM cxemaMm. Hambosee yacTo BcTpedaeTcs HyJeBas, MO-
CTOBasi, BCTPEUHO-MApaJiebHasl WIM IMEPEeKPEeCTHass CXeMa, C COBMECTHBIM WJIM pa3/elbHbIM
yopasiieHueM. B MpOMBIIIIEHHOCTH Yale BCEro MPUMEHSIOT MOCTOBYIO cxemy. [Ipumep cTpyk-
TYpPHOH CHJIOBOHM CXEMBI THPUCTOPHOT'O YaCTOTHOTO MPeoOpa3oBaTelsi ¢ HEMOCPEACTBEHHOU CBSI-
3bI0 M CTPYKTYpPHAsi CXeMa MOCTOBOI'O YaCTOTHOTO MpeoOpa3oBaress nokasaHa Ha puc. 3.
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Pucynok 3 — [IpeoOpa3oBarenb 4aCTOTHI C HEITOCPEACTBEHHOM CBS3bIO
C €CTECTBEHHOM KOMMYyTaluen

JocronHcTBa npeodpa3oBaTeisi 4aCTOTHI ¢ HENMOCPEICTBEHHOMH CBA3BIO C €CTeCTBEHHOM
KOMMYTAanue

HocrounctBa HITY ompenensitorcsi €ro OTHOCUTENBHO MTPOCTOM KOHCTpyKiuend. K Hum
OTHOCSTCS:

e noBosibHO BeIcOKUI KII/I, KOTOpBI JOCTHraeTcss OJTHOKPATHBIM MIPeoOpa30BaHNUEM 3JIEK-
TPOSHEPTUH B peoOpa3oBaTelie;

e BO3MOXXHOCTH OOMEHA PHEpPrUeH MEXKIy ABUTATEIIEM M JJICKTPHUECKOU ceThio. biarogaps
TaKol BO3MOXKHOCTH TpeoOpa3oBaTeib MOXKET pabOTaTh KaK B JABUTATEIHHOM, TaK U B TOPMO3-
HOM PE&XXHMBI pa0OTHI, PUYEM C PEeKyIIepaIieii SHEPTUHU B CETh;,

e IpUMEHSEMbIE THPUCTOPHI B CXEMaxX C €CTECTBEHHOW KOMMYyTalued SBISIOTCS Oolsee
HAJECKHBIMH U JCHIEBBIMU U 00JanaloT OOJbIlIel Meperpy304HOil COCOOHOCThIO, YEM IOJHO-
CTBIO yTpaBisieMble TPUOOPHI, IPUMEHIEMbIE B CXeMaX C MPUHYIUTEILHON KOMMYTAITHEIH;

e B TaKUX YaCTOTHBIX MPeoOpa3oBaTEIsIX MMEETCS BO3MOXHOCTH IMOJYYEHUS JIOBOJIBHO
HU3KMX YacTOT BBIXOJHOTO HAMpsHKEHUS YaCTOTHOTO MpeoOpaszoBareis. IDTo obecreyrBacT
BO3MO>XHOCTh PABHOMEPHOH pabOThI IBUTATEISI C MAIBIMH CKOPOCTSIMHU.

bnaronmaps 0J104YHO-MOIYJIBHOW KOHCTPYKIIMM YacTOTHBIE IMPeoOpa3oBaTeld C HEMOCpe/-
CTBEHHOM CBSI3bI0 MMEIOT BO3MOXKHOCTh HEOTPAaHUYECHHO HapammBaTh MomHocTh HITY, yao0HbBI
B AKCIUTyaTalliy U MIPU CO3aHUU TOPSIYETO pe3epna.

OcHOBHbBIEC HEJOCTATKH YaCTOTHBIX Ipeodpa3oBaTteieil ¢ HEMOCPEACTBEHHOH CBA3BIO

Henocratku yactotHbIX npeodpazoBateneid HITU cBs3aHbl ¢ IpOCTOTOM MX KOHCTPYKIUU. B
TaKUX MpeoOpa3oBaTesiX CYIIECTBYET OrpaHMYCHHE MAaKCHUMAIbHOM BBIXOJHON 4acTOThl. Mak-
CHUMaJlbHasl BBIXOJHAS 4acTOTa HEe MOKeT npesbimark 70 % 4dactoTel nutatrouieit cetu. pyrum
npensaTcTBueM A mupokoro npuMmenenust HITY sBisiercs HU3KuiM K03 (UIIMEHT MOIIHOCTH U
HECHHYCOUIAJIbHOCTh BBIXOJHOTO HANpsDKEHUs. BBICOKas CIOXKHOCTH LieNeil ympaBieHus o0y-
cnasinuBaer npuMmeHeHne HITY B TUXOXOIHBIX CHHXPOHHBIX U aCHHXPOHHBIX 3JIEKTPOIPUBOIAX
CpemHel 1 00JIBIIONH MOIIIHOCTH.

YacToTHbIe Ipeodpa3oBaTe/iv ¢ NPUHYAUTEIbHOH KOMMYTalMell U HENOCPeICTBEHHOM
CBA3BIO C CETHIO

HITY ¢ nmpuHyanTenbHOW KOMMYyTallMeH pealn30BaHbl Ha MOJHOCTHIO 3allMPAEMBbIX KIIIOUax.
B xauecTBe TakuX KIIIOYEH UCIOJB3YIOTCS TPAH3UCTOPBI UIIU 3aIIUPAEMbIE TUPUCTOPBL. Y IIpaBiie-
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HUE TUMH KIIOYaMH OCYIIECTBIISACTCS HA MPHUHIIUIIEC IIHPOTHO-UMITYJIbCHONH MOmyJsiun. [Ipu-
Mep MOCTPOCHHS CUIIOBOM CXEMBbI TIPe0o0pa30BaTelisi YaCTOThI IOKA3aH Ha pUC. 4.

B Takoii cxeme BKIIFOUeHUS THO0YI0 a3y CETH MOXKHO HETIOCPEICTBEHHO MOAKIIOYUTD K JIFO-
0ot (paze aBuraTens.
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Pucynok 4 — CunoBas cxema npeoOpa3oBaress 4acTOThI

BriBoabI

B oTnenbHBIX ciydasx THPUCTOPHBIE IpeoOpa3oBaTeN He yCTyHarT YaCTOTHHKaM Ha 0aze
tpanzuctopoB IGBT. I'maBHble MX TOCTOMHCTBA: OTHOCHTEIBHO HU3Kas CTOMMOCTb M CIIOCOO-
HOCTh BBIJICPKUBATh TOK, 3HAUYUTEIILHO MPEBBIIIAIONINN HOMUHAIBHBIN. [I[puMenenue nmpeodpa-
30BaTelIeil Ha yNpaBiIseMbIX M HEYNPaBISIEMbIX TUPUCTOPAX OIPaHMYUBAET TOJBKO OBICTpPOAEH-
CTBHUE MOJIYIPOBOAHUKOBBIX 3J€MEHTOB. BpIOOp YacTOTHMKA Jenaercs UCXoAsl u3 TpeOoBaHUH K
3JIEKTPONPUBOJY, TEXHUUECKOH U SKOHOMHYECKON 3 PEKTUBHOCTH TOT'O WJIM HHOTO YCTPOMUCTBA.

[Ipeo6paszoBarenu yactorel Ha IGBT-Tpan3nucTOopax UCMONB3YIOT MPEUMYLIECTBEHHO B JBH-
rareisix Ha HanpsbkeHue 10 660 B, BHICOKOTOUHBIX U IIOJEOPUEHTUPOBAHHBIX IPUBOAX.

Tupucropnusie [TU ycTaHaBIMBAIOT B CXeMax yMpaBJICHUS IPy30M0IBEMHOTO 000PYI0BaHNS,
MEXaHU3MOB, pabOTaOLINX B MOBTOPHO-KPATKOBPEMEHHBIX PEKUMAaX U ABUraTelsX ¢ JUHAMUYe-
CKOM Harpy3KoM, a TAaKXKe B CXeMaX yIPAaBICHUSA BBICOKOBOJIBTHBIMH 3JIEKTPUYECKMMU MAILIMHAMM.
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JlabHEBOCTOUYHBIA TOCYAApCTBEHHBIM TEXHUYECKHH pPHIOOXO3SIICTBEHHBIN YHHBEPCHUTET,
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Hayunwiii pyxosooumens — Banenmun Hxosenesuy Monoukos, Kano. mexw. HayK, 0OyeHm

HNuTepdeiicabie yeTpoiicTBa ¢Bsi3n IBM u cy10BBIX CHIOBBIX
HCIIOJIHUTEIbHBIX YCTPOHCTB

Annomayus. B Hactosiiee BpeMst 10151 KOMIUIEKCHO-aBTOMAaTU3UPOBaHHBIX CYJI0B MUPOBOIO
¢nota c npumenenuem OBM cocrtasnger 60—70 %, npuyeM B UX YHCIO BXOAST BCE KPYITHbIE
cyna BogousMenieHueM oosee 20 toic. T. [Ipumenenne 9BM mo3BoMIO0 KOMIUIEKCHO aBTO-
MaTU3UPOBATh HE TOJIHKO TEXHUYECKHE CPEJCTBA, HO U CYAHO B IeiOM, 3((HEKTHUBHO OCY-
HIECTBJIATh PELICHUE HAaBUTALMOHHBIX, aAMUHHMCTPATUBHBIX U ApYyrux 3agad. OpraHuzanus
pacrpeieieHHON 00I1ecy10Boi MHGOPMAIIMOHHO-YTIPABIISIONICH CUCTEMBl C MPUMEHEHHUEM
OBM pa3zHOro ypoBHS M CPEICTB CBA3M C JATYUKAMHU U HCIOJTHUTEIbHBIMU MEXAHU3MaMH.
HenocpenctBeHHO (yHKIIMM KOHTPOJIL M YTIPaBJICHUs BBINOJHAIOT B Takod cucteme OBM
HIDKHETO YPOBHS, PACIOJIOKEHHbIE BOJIM3M MEXaHU3MOB Yepe3 HHTepEiCHbIE YCTPOWCTBA 1
MUKPOIPOLIECCOPHBIE peryasTopbl. CBsA3b UX C IaBHOUM nucneryepckoit 9BM ocyuiecTsis-
€Tcs [0 KaHajiaM O0IIeCy/10BOM JIMHUU CBSI3H.

Knrouesvie cnosa: uarepdeiic, csizb, JBM.

Daniil R. Semenov

Far Eastern State Technical Fisheries University, ENb-412, Russia, Vladivostok, e-mail:
Burizan.doge@gmail.com

Scientific adviser — Valentin Ya. Molochkov, PhD, Associate Professor

Interface communication devices of computers and ship power executive devices

Abstract. Currently, the share of automated complex vessels in the world fleet with the use of
computers is 60—70 %, and this includes all large ships, wodospady eat more than 20 thou-
sand tons. The use of computers has allowed the complex to automate not only the technical
tools but also the ship in General, to effectively implement the decision navigation, adminis-
trative and other tasks. Organization of a distributed general-court information and control
system with the use of computers of different levels and means of communication with sen-
sors and actuators. Directly, the control and control functions are performed in such a system
by lower-level computers located near the mechanisms through interface devices and micro-
processor controllers. Their communication with the main control room of the computer is
carried out via the channels of the general ship communication line.

Keywords: interface, communication, computer.

B HacTosiee BpeMs 10Js KOMIUIEKCHO-aBTOMAaTHU3UPOBAHHBIX CYJ0B MHUPOBOTO (QuioTa ¢

npumeHeHneM OBM coctaBnsier 60—70 %, npuyemM B UX YUCIO BXOJAT BCE KPYIHbIE Cy/a BOJAO-
u3Merienuem 6omuee 20 ThIC. T.

[Ipumenenne OBM mo3BONIMIO KOMILJIEKCHO aBTOMAaTHU3UPOBATh HE TOJBKO TEXHUYECKHE

CPEeJIICTBA, HO U CYJHO B 1IeJIOM, 3(pPEKTUBHO OCYIIECTBIATH PEIICHUE HABUTALIMOHHBIX, aIMUHU-
CTPaTUBHBIX U APYTUX 3a/1a4.
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Opranm3anys pacrpeaeICeHHOW 00IIecy10Boi MH(OPMAIMOHHO-YIIPABIISIIONIEH CUCTEMBI C
npuMeHeHreM DBM pa3HOro ypoBHS U CPEACTB CBS3M C JAaTYMKAMU M MCIOJIHUTEIbHBIMUA MEXa-
HU3MaMH.

HenocpenctBeHHO (yHKIIMHM KOHTPOJIA M YTNIPABJICHUS BBINOJHAIOT B Takod cucteme OBM
HIDKHETO YPOBHS, PacloJIOKEHHbIE BOIM3M MEXaHM3MOB uepe3 MHTep(elCHbIe yCTpOWCTBA U
MUKpPOIIPOLIECCOPHBIE perysTopsl. CBs3b UX ¢ INIaBHOM nucnerdepckoil OBM ocyiectBiseTcs
10 KaHaJlaM O0IeCy10BOM JIMHUM CBS3H.

XapakTepHas CTPyKTypa OOIIECYZOBOH pacmpeneraeHHON HH(OPMAIMOHHO-YIIPABISIONIEeH
CHUCTEMBI IPUBEJICHA Ha pUC 1.

Jucneruyepckas, riaaBias IBM
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Pucynoxk 1 — Ctpykrypa obmiecymoBoit MIICY

Kaxnas u3 ynpasnsonux 9BM cnenuanu3upoBaHa i pelICHUST KOHKPETHOW 3ajauv U
HEMOCPEJACTBEHHO yNPABISET KOHKPETHBIM CYJIOBBIM OOBEKTOM — TJIABHBIM JABUTATEIEM, TU3EITh-
TeHEPATOPOM H T.J. uepe3 HHTep(elCHBIE YCTPONCTRA.

Crnemyer OTMETHTB, YTO CBSI3b BBIXOJOB/BXOJOB MOpTOB DBM nMeeT HU3KOBOJBTHBIE Mapa-
MeTpbl U — 5 B 1 Toku enunuipl MA. B TO Bpemsi Kak cuioBas KOMMYTAllMOHHAs amnmaparypa,
KOMMYTHPYIOIIAsl CUJIOBBIE LIENIN MCIIOJIHUTEIbHBIX YCTIONWCTB, UMeeT Hanpsbkeue 380, 220 B u
TOKH COTHU MA, aMIIEPHI.

Jns cBsizu OBM ¢ UCTIONHUTENBHBIMU YCTPOMCTBAMU HEOOXOUMBI MHTEP(EHCHBIE CXEMBI,
BBITIOJHSIOUINE CIEAYIONUUE (PYHKIINH;

- YCWJIEHHE 110 MOIIIHOCTH, JOCTaTOYHOE JUIsl IUTaHUSI KOHTAKTOPOB ITyCKaTeseH;

- TaJIbBAaHMYECKAs Pa3BA3Ka HU3KOBOJIBTHBIX U CUJIOBBIX LIENEH.

Jlannabple (QyHKIMU BBITIONHSIOT CIEAYIONINE YCTPOUCTBA, IPUBEACHHbIC Ha pUC. 2. DTO TpaH-
3UCTOPHBIM KacKaJl YCWJICHHsI CUTHaja U pelie JUlsl FajJbBaHUYECKOW pa3BsI3KH HU3KOBOJIBTHBIX U
cuioBbIx 1enei. [lpucyrcTByromuii [uoa napawiebHO KaTYIIKH pejie MPeloXpaHseT TpaH3u-
crop oT D/1C caMOMHIYKIIMY WHIYKTUBHOCTA OOMOTKH peJie.

B mpaBoM HIDKHEM YIITy uepTeka u300paskeHa MHTepQeiicHas cxema yIpaBiIeHHs UCTIOTHU-
TEIbHBIMU MEXaHU3MaMH (HallpuMep, BKIIOUEHHE KaTyIIKU KOHTAKTOpa MyCKaTeNsl aCHHXPOHHO-
ro asuratesnsi). Cxema COCTOUT U3 CIEAYIOIINX Y3JI0B:

- IapajuIeNIbHOTO MIporpaMmMupyemMoro nopra 9BM;

- U3 TpaH3zuctopHo-peneitHoit nenu VT1-KM1, ¢ nuogom VDI s vckimtoueHus: BIUSHUS
DJ1C camounaykiuu peine KM1 Ha TpaH3ucTop, 94To MOTI0 OBl IPUBECTU K MPOOOIO €T0 KOJIICK-
TOPHOTO Tepexo/ia, HaNpsbKeHUs muTaHus pene 24 B u 3amuTHOTO conpotuBienus R1 ¢pyHkmm:

59



- pa3BA3KY HU3KOBOJIBTHBIX IEMEH yNpaBsSIOUINX JIOTHYECKUX MUKpocxeM (5 B) u cunoBbix
uenei myckarens (380 B mepemeHHOTO TOKA);

- YCUJIEHHE CHUTHAJIa TI0 MOIIHOCTH ISl 0OecreyeH sl ToKa cpabaThIBaHUS KaTyIIKA KOHTaK-
TOpa IMyCcKaTesl.

Cxema pabotaet cienyromuM oopazom. [Ipu nomaue or IBM Ha paspsig mopta PAO norude-
cKkoi enuHuULbI (5 B mocTosiHHOrO TOKa) 3TO HampsbKeHHe uepe3 comportuiieHne R1 mocrymnaer
Ha BXxoJ TpaH3ucTopa VT1, OH OTKpbIBaeTCA 10 HACBIIIECHHS U TIOJIa€T MUTaHUE HA KaTYIIKY pese
KM, pene cpabaThiBaeT 1 3aMBIKAET CBOM KOHTAKT B LEMH MUTAHUS KATYIIKU KOHTAKTOpa Iyc-
KareJsisl, KOHTAKTOpP 3aMbIKAE€T CBOM CUJIOBBbIE KOHTAKTHI B IIENM MUTAHUSI ACHHXPOHHOTO JIBUraTe-
7s1. JIBUraTens BKIIOYaeTcs Ha paboTy.

Jlnst octaHoBKHM ABUTaTeNs Ha paspsaa nmopra PAO mogaercs normyeckuii Hoob (0 B), Tpan3u-
ctop VT1 3akpeiBaercst u obectounBaet pene KM1, oHo pa3peiBaer cBoii koHTakT KM1-1 B enu
MATaHUS KaTyIIKH KOHTAaKTOPa, KOHTAKTOP Pa3pbIBAET LIETb MUTAHUS ABUTATEIIA.

[Ipumenenne uHTEpEHCHBIX Y3JI0B Ha OTEYECTBEHHOW AIIEMEHTHOM 0a3e MO3BOJISET KOH-
TPOJIUPOBAThH MAPAMETPhI TEXHUUECKHUX CPEICTB CYA0B M 3(P(HEKTUBHO yIPABIATH CUJIOBBIMU Me-
XaHU3MaMH.

Y3EI AHANOTO- UWOPOBOIO TTPEOBPA3OBATENA
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Pucynok 2 — TpaH3UCTOPHBIN KacKaJ yCHIICHHS CUTHAJIA U peJie IS TaIbBAHMUECKON pa3BsA3KH
HHU3KOBOJIBTHBIX U CUJIOBBIX LIETICH

Bbubauorpadguyecknii CHUCOK

1. AnexceeB H.A. MukponporeccopHble CUCTEMBI YIIPABIECHUS 3JIEKTPOIHEPTreTHUECKUMHU
YCTaHOBKAaMH MPOMBICIOBBIX cy0B. M.: Koinoc, 2008. 424 c.

2. MonoukoB B.5l. MukponponeccopHble CUCTEMbI YIIPABIEHUSI TEXHUYECKUMH CPEICTBAMU
PBIOOTIPOMBICIIOBEIX CyI0B: yueb. mocodue. M.: Mopknura, 2013. 362 c.
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IlnaByuune atomubie jiekTpocTanuu. [lpuopurer ncnonbzosanus [NATIC

Annomayus. [1naByuue aTOMHbIE IEKTPOCTAHIIMU MpPEHA3HAUYCHBI ISl SHEPrOCHAOXKEHUS B
paiionax Kpaiinero Cesepa, JlanbHero Boctoka u npyrux oTaanéHHbIX pErMOHOB CTpaHbl U
MIPEACTABISIIOT COOOM HOBBIM KJIACC YHEPTrOMCTOYHUKOB Ha 0aze POCCHUCKUX TEXHOJOTHUU
aToMHOrO cynoctpoeHus. Takxke ctpoutenbcTBo miaByunx ADC, MOJOOHBIX pOCCHUHCKOMY
«AxanemMuky JIOMOHOCOBY» OyJET JIy4IIMM CITOCOOOM OOECTEeYUTh YHUCTON SHEPrueil Bcex
Jrofiel, B TOM 4YHMCIIe KuTeneil O0eqHbIx crpaH. [[pyrue Bo30OHOBIsSiEMble UCTOYHUKH HEP-
TUH, TAKHE KaK BETPsIHbIC TypOWHBI WM COJIHEUHBIE OaTapen, MeHee 3(HEKTUBHBI. DIEKTPO-
sHeprus oT miaByynx ADC MOXeT ObITh UCIOIB30BaHA, B YACTHOCTH, JUIsI ONIPECHEHHUS MOP-
CKOM BOJIbI B MHTEPECAX CEJIBCKOT0 XO3SIMCTBA, YTO aKTyalbHO JIJI1 MHOTUX cTpaH. C 3KOHO-
MHYECKON CTOPOHBI: CTOMMOCTb TaKo# »Hepruu OyneT meHee $1 3a BaTT, a 3HA4UT, OHa Oy-
JIET JIeIeBye, YeM JI000i Ipyroi ucTouHuK SHeprur. Mrtak, mpumepHo 3a 10 et Bce cyie-
CTBYIOIIIIE B MHUPE MOIIHOCTH MO BBIPAOOTKE 3JIEKTPOIHEPIHU M3 BCEX HCTOYHHKOB MOTYT
OBITH 3aMEHEHBI YUCTON U HEJAOPOTON IHEPTHEH.
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Floating nuclear power plants. Priority of use of FNPP

Abstract. Floating nuclear power plants are intended for power supply in the Far North, the
Far East and other remote regions of the country and represent a new class of energy sources
based on Russian nuclear shipbuilding technologies. Also, the construction of floating nucle-
ar power plants like the Russian "Academician Lomonosov" will be the best way to provide
clean energy to all people, including the inhabitants of poor countries. Other renewable ener-
gy sources like wind turbines or solar panels are less efficient. Electricity from floating nu-
clear power plants can be used, in particular, for desalination of sea water in the interests of
agriculture, which is important for many countries. On the economic side: the cost of such
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energy will be less than $ 1 per watt, which means it will be cheaper than any other source of
energy. And so, in about 10 years, all the world's existing capacity for generating electricity
from all sources can be replaced with clean and inexpensive energy.

Keywords: LPNPP, FPU, NPP, FNPP «Academician Lomonosov.

Beenenue

[TnaByunii sHEPTroOI0K «AKameMuK JIOMOHOCOBY — pa3HOBHIHOCTh ATOMHOM CTAHITUH MaJOi
MOIITHOCTH, KOTOpasi UCIOJb3yeTCs Ha IUIAaByYUX aTOMHBIX CTaHIUAX. Ecnu ucxoauts u3 coBpe-
MEHHOM TEPMHUHOJIOTHH, TO IOJ IUIABy4YE€d aTOMHOW CTAHIMEN IMOHUMAETCs KOMILIEKC, COCTOs-
mui u3 mwiaByyero 3ueprodnoka (I19b), ruagporexHuueckux coopyxeHuil U 6eperoBoil HHGppa-
CTPYKTYPBI.

B npenenax II9b crpeMsaTcss BBINOJHATH BCE ONEPALMU IO 3aXOPOHEHHUIO M YTHIM3ALUHU
AJIEPHOTO TOIUIMBA M PAJUOAKTUBHBIX OTXO/0B, KOTOPbIE HEOOXOAMMO MPOBOJUTH HA aTOMHOM
cTaHuuu. Takol MOJAX0X B HaWIy4YIlIEH CTENEHU OTBEYaeT KOHLEMLUHU «3€JIeHOH JTyXalKum» npu
BBIBOJIC aTOMHOM CTAHIIMU U3 KCIUTyaTalluu U noapazymenaet nepesos [19b ¢ miomaaku atom-
HOW CTaHLMU Ha CHELMAIM3UPOBAHHOE MIPEANPUATHE, IPEAHa3HAYCHHOE I BHITPY3KH U IpUemMa
0TpabOTaBLIETO AJEPHOTO TOIUIMBA U PAAMOAKTUBHBIX OTXOJ0B, a TAKXKE MOCIENYIOUIeH pa3aen-
k1 1 yrunmnzauuu [19b.

3amaueit pazpaborku [19b sBisieTcst obecrieueHne SHEpPrue u yBeTUUIEHUIO MOIIIHOCTH TI0-
CEJICHUHM M KOMIIJIEKCOB I10 J00bIYE IMOJIE3HBIX MCKOMAEMBIX, a TaKKe UX MepepaboTke. 3HaUM-
TelbHAsl YJAJIEHHOCTh TaKUX IYHKTOB OT IPOMBILIUIEHHO 3HAYUMBIX M Pa3BUTHIX OOBEKTOB U
HEPa3BUTOCTh TPAHCIIOPTHOM CUCTEMBI IPUBOJAT K 3HAUUTEIBHOMY YCIOKHEHHIO TOCTaBKU TOII-
JIUBA, YTO 00YCIIABIIMBAET BBICOKYIO C€0€CTOMMOCThH MPOU3BOACTBA AIEKTpoIHEprun. OCHOBHOM
u3 3a1a4 [I19b — obneryeHne B OCBOGHUM TPYAHOMOCTYIHBIX TeppUTOpHil — peruonsl Kpaiinero
Cesepa, Cubupu, /lansuero Bocroka n Apkruueckoro 0acceiHa.

Pematomum ¢akTopom mpu BeIOOpE THIA YHEPTOMCTOUYHUKA SBIISETCS CEOECTOMMOCTH MPO-
U3BOJIMMOM DJICKTPO3HEPruu. B TO ke BpeMs CTOMMOCTH 3JEKTPOIHEPTHH, BbIpaOaThIBaeMOM
MHUHU-ADC, HE TTO3BOJISIET €1 KOHKYPHPOBAaTh ¢ ICTOYHUKAMU SHEPTUU HA UCKOMIAeMOM TOIUIMBE
10 OTHOCUTEJILHO HEBBICOKOM 1IEHE B pallOHAX ¢ Pa3BUTON TPAHCIIOPTHOM CETBIO.

Ho B oTnaneHHbIX paiioHax, I7ie IIeHa Ha TOILIMBO BBICOKA U B OCHOBHOM OIpENENsIeTCs pac-
CTOSIHHEM JIOCTaBKH, Maible TpeboBanuss ACMM K 1ieHe Ha TOTUTMBO MO3BOJIIET 00eCTIeuuTh 00-
Jiee HU3KYI0 CTOMMOCTb BbIpa0aThIBA€MOMN 3JIEKTPOIHEPTUHU 110 CPABHEHHIO CO CTAHIMAMHU, pabo-
TAIOMIMMHU Ha MCKOMIAeMOM TOIUIMBE, COKpAIasi Py 3TOM 00bEM MEPEBO30K 3a CUET UCKITIOUECHUS
JIOCTaBKU OOJIBIIOrO KOJMYECTBA UCKOMAEMOT0 TOIJINBA.

OcHoBHOE HampaBieHHe cTaTbU. B HacTosmiee Bpems He Toabko Poccus 3aHMMaeTcs paspa-
OOTKOW peakTOpOB MaJloOW MOIIHOCTH, HO U JPYTUe CTPaHbl, I7I€ B MUPE pacTeT UHTEpPEC K peak-
TOpaM MaJIOll MOIIIHOCTH KaK MEpPCHEKTUBHBIM HCTOUYHUKAM DHEPTUM JUIsl PETUOHOB C JIELEHTpa-
JIM30BAHHBIM SHEProcHaOXeHHeM. JTO ONpPaBJaHO TEM, UYTO B CIIOKHBIX INPUPOAHBIX YCIOBHSIX
TPaaUIMOHHbIE WCTOYHUKH JHEPTUU HE CIIOCOOHBI IMOBCEMECTHO YIOBJIETBOPUTH PAaCTyIIUM
CIPOC Ha TEIUIOBYIO U IEKTPUUECKYIO IHEPTHIO.

B cuny cnemudukn ADC 3HAUUTENbHYIO JOJMI0O B CTOUMOCTH 3JIEKTPOIHEPTHH COCTABISAIOT
KanuraiabHble 3aTpaThl — 60s1ee 50 %, npu HeOoMpIINX 3aTpaTax Ha TommBo — 10-15%, rae cTo-
MMOCTb ONPENENSIETCS CTOUMOCTBIO U3PacX0/10BaHHOIO TOILUINBA.

CrpeMieHHe K OCBOCHHUIO JAJIBHUX M CYpOBBIX TOYEK 3€MJIM, OOraThlX Ha MCKOIAeMbIE pe-
CYPCHI, M Ha pa3BUTHE NepepadaThIBAIOIINX MPOMBIIUIEHHOCTEH Bce OoJbIle TpeOyeT perieHus
mpo0JIeM ¢ PHEPreTUYecKuM obecriedeHueM. MOIIHOCTh MOTpeOeHrs Ha JAaHHBIX TOYKaX CO-
craBisier 100300 MBT 11 caMbIX KPYIHBIX MECTOPOKIEHUH, a U1 OTAEIbHBIX MOCEICHUN —
HOpsiIKa HECKOJIBKMX MEraBaTT, HO 3aTpaThl HA Mepeslauy SHEPTUU B TAKUE TOUKU HE OKYTAIOTCS
10 pecypcaM, 4TO MPEBBIIAET CTOMMOCTh MPOU3BOJACTBA. DTy MPOOIEeMy TOMOTAIOT PEIIUTh MO-
OUJIbHBIE AaTOMHBIE PEAKTOPHI HOBOTO MOKOJIEHHUS, COOTBETCTBYIOIINE HAJEKHOCTH U O€30I1aCHO-
CTH, KoTopble pazmeniaroT Ha bOI1, u ucnonsizytorcs B ACMM. Pa3zButue 3Toii 0051aCTH OCHOBA-
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HO Ha HAKOIJICHHOM OIIbITE pa3paboTKU M IKCIUTyaTalliu CYJOBBIX PEAKTOPOB U MOILIHOM Hayy-
HO-TEeXHUYECKOM IMOTEHIMAJIe B 00J1aCTH PEIICHUs SDHEPTeTHUECKUX 3a71ay.

MOXHO BBIIEIUTH HECKOIBKO MTI0COB ACMM Ha OCHOBE CyJ0BBIX TEXHOJIOTHIA:

e KoMmnakTHBIN pa3mep, MO3BOJAIONIMNA pa3MEIICHUE B YIAJICHHBIX palilOHAX U Ha OTPaHU-
YEHHBIX MJIOMIAIKAX, YTO TAKKE YMEHBIIAET CPOKU CTPOUTEIHCTBA MO CPABHEHUIO C Ha3€MHBIMU
CTaHLHSMM.

e CozmaHue W peryiaupoBaHHe HEOOXOMMMOM, IS 3aka3umka, MoitHocTH ACMM 3a cuer
pa3zHo00pa3usl yCTaHABIMBAEMbIX MOAYJIEH.

e Bo3moxHoCTh ucnonb3oBaHust ACMM it ounineHus: MOPCKOM BOJBI M MPOU3BOJICTBA
TEIJIOBOM SHEPIUH.

e DKOJIOTUYECKH YUCThIN BUJ SHEPTUU.

e MuHuMaIbHBIE 00BEMBI, BpeMs 1 CTOUMOCTh KaUTAIbHBIX 3aTpaT Ha CTPOUTENBCTBO, O
cpaBHeHHUIO ¢ kpynmHOH ADC u ApyruMH SHEProoOHEKTaAMH.

e ACMM paboTaroT B peKMMe OTCIICKUBAHUS HATPY3KH, a JHANa30H MaHEBPUPOBAHUS CO-
craisiet oT 10 1o 100 %.

B AO «OKBM AdpukanToB» ObLI0 pa3pabOTaHO HECKOJIBKO pabOUYMX BEPCHIl PEaKTOPOB
pa3HOil MOIIHOCTH B auana3oHe oT 6 1o 100 MBT, uTo pacumupsier Kpyr UX HCIOJb30BaHUS U
00J1acTh MPUMEHEHHMS, OMKUCHIBaeTCS B PDA: exxeMecs uHbIN KypHaJI aTOMHON sHepreTuku Poc-
cuu [1]. Hau6onee roroBsie mpoektst ACMM: PY KJIT-40C c Beipabotkoii 35 MBT, ABB-6D ¢
BeIpaboTkoir 6 MBT u PUTM-200 c BeipadoTkoit 50 MBT.

[MnaByuuii suepro6mok (I19B) mpous3BoaUTCS HAa CYJOCTPOUTEIHHOM MPEANPUATHU C HC-
MOJIb30BAHUEM TEXHOJIOTUH CTPOUTENIbCTBA aTOMHBIX JIEIOKOJIOB M BOEHHBIX KOpalieil, mocie
Yero UJET 3arpy3Ka TOIUIMBA U MPOBOAUTCS Psii KOMIUIEKCHBIX HcnbiTanuid; [I19b Tpancnoptupy-
€TCsl K MECTY DKCIUTyaTalllH, T/Ie MOJIKIII0YaeTcsl K OEperoBbIM CETSM U HauWHAaEeT padoTy.

MATOC «Akanemuk JlomoHocoBy, poekT 20870, Obut peanusosan emie 2007 T., a BbIMIET
Ha MPOMBINUIEHHYO 3KcIuTyatanuio 22 Mas 2020 r. 1 HCIoJIb3yeTCsl Ha CerOAHSAHUN 1eHb. [19b
«Axanemuk JlomoHocoB» B coctaBe [TATOC npemHasHaueH Uil TEIUIO- U AIEKTPOCHAOKEHUS T.
[TeBek. Ha sneproycranoBke ITATOC umeercst nBe peakropubie ycranoBku KJIT-40C. u Bripaba-
THIBAET MaKCUMAJIbHYIO 3JIEKTpUUecKyto MouHocTs 70 MBT, a Taxke TerioByro sHepruro ao 50
['kan/4, mogaepkuBast )KU3HENEATEIHLHOCTh TOpoa ¢ HaceneHneM 6osee 100 ThIC. YeIoBeK.

PaspabatsiBaetcs minaH, no koropomy k 2021 r. minaBy4yas ADC BBIHIET HA MOJHYIO MOII-
HOCTh U 3aMeHUT bunnounckyto ADC, Beab K 3TOMY BpEMEHH OHA MOTEPSIET CBOIO aKTyaJbHOCTh
u OyJleT BhIBEJICHA U3 JKCIUTyaTalluu, 9YTO MO3BOIHT cTath [I19b «Akanemuk JlIomoHOCOB» caMoit
CEBEPHOU aTOMHOM AJIEKTPOCTAHLIMEN B MHUPE.

C yuerom Toro, uro maaBydast ADC «AkanemMuk JIoMoHOCOBY siBIsieTCs BEAyIIEH, HAYaJIO e
AKCIUTyaTalluy MO3BOJISIET TOBOPUTH O MPAKTUUYECKOM MCIIOJIb30BAaHUM aTOMHOM SHEPrUM i MO-
Jy4YeHUs TeIlJia M SHEPTruu B JNaJbHUX PETHOHAaX M 00 ydere 3((EeKTUBHOCTH YCTAHOBIECHHBIX
TEXHOJIOTHIA.

B passurun texnomnoruii IIATOC I'ockopnopanus «Pocatom» pazpabaTbiBaeT HOBYIO T€X-
HOJIOTHIO B CETMEHTE IJIaByYMX AJIEKTPOCTAHLUN — ONTUMHU3UPOBAHHBIN MIaBy4Yuid SHEProOI0K
(OII2B). PaccunthiBaercs, yto Ha ogHoM OIIDb Oynyt ycranosneHsl nBa peakropa PUTM-
200M, 3TO HOMKHO 0OECHEYHUTH OOIIYIO0 AJIEKTPUUYECKYI0 MOIIHOCTH CTaHIMKU Ha ypoBHe 100
MBT. PUTM-200M — 310 MOoaepHusupoBanHbiii PUTM-200 ¢ yBennuenasiM a0 10 net mexiie-
perpy3ounsiM niepuosiom. [Imanupyercs ucronb3oBats OIIDb B cTpanax co ciabo pa3BUTON WK
C OTCYTCTBYIOLIEH siiepHOil nHppacTpykTypoil. Heckonbko ocobennocreit OIIDb oTtmeuaercs B
crarbe .. AdpukanTosa [2]:

® ONTUMU3AIUA 000PYAOBAHHS YMEHBIIAET BOIOM3MEIICHHE CY/IHA;

e yBeJIMYEHHOE BpeMs paboTsl peakTopa (10 10 1et) npu oboramienun Tormsa menee 20 %;

e HaI&KHYIO YCTOMYMBOCTh M (U3UYECKYIO 3alllUTy OOECeynuBaeT OTCYTCTBHE Ieperpy-
304HOr0 000pynoBanus Ha Oopty OIIOb;

® BO3MOYKHOCTb HCIIOJIHEHHUS CyJHAa B JIByX BapHaHTaxX: HECAMOXOJHOE M CaMOXOAHOE (C
CHUCTEeMOU JUHAMHYECKOTO TO3UIIHOHUPOBAHNSA).
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Ha nmannbIif MOMEHT 3aBepiiieHa paspaboTka 3cku3Horo npoekra OIIDb ¢ peakropHoii ycra-
HoBKOM PUTM-200M. C mpaBoBoii Touku 3peHus yHukansHocTh OIIDb, Hapsay ¢ nmpopaboTkoi
texuudeckux pemenui, AO «OKBM AdpukanToBy», MO3BOJISIET MPUHUMATh ydacTHE B padboTe
mexayHapoaHoro npoekta UHIIPO MAT'ATD «MccnenoBanue ClieHapueB pa3MELICHHs peak-
TOPHBIX YCTaHOBOK MaJIOil MOIIHOCTH C 3arpy3KOW TOIUIMBA B LIMKJIE NEPEBO3UMBIX PEaKTOPOB
MaJIOW MOILLHOCTH.

KonudecTBO neHCTBYIOMUX SHEProOIOKOB B TEKYIEM TOy YBEIUYMIIOCH 10 38, a olmas
MOIIIHOCTh aTOMHBIX cTaHiuil gocruria 30,3 I'Bt. D10 crano Bo3MOxHBIM Onaromapsi BBOOy B
HKCIUTyaTaliIo IEPBOr0 B MUPE IJIaByuyero aTOMHOTO HEProdioka «AkageMuk JIoMoHOCOBY.

BripaboTka anekTposHepruu Ha 25 utoHs sHeproomokamu Beex 11 gelictByromux ADC Poc-
cun, Bkirovasi [IATOC, npesricuna ¢ Hadana 2020 r. 100 muH kBT1-4. [Ipn 3TOM MO CpaBHEHHIO C
TeM ke nepuoaoM 2019 . (mo gaHHBIM Ha 25 UIOHS) 00bEeM IIEKTPOIHEPTUHU YBEIHUMIICS Oolee
yeM Ha 550 mutH kB1-4 (100,56 % k 00BeMy MPOLLIOTo rofa).

BeiBOABI

Pazpaborka ACMM co3nano takue npoekTsl, kak [19b «Akanemuk JlomoHOCOBY», Ha OCHOBE
KOTOpBIX OynyT pazpabatsiBaThesi HOBbIe [IADC u I19b, oxBaTbiBast camble aabHUE TOYKU 3E€M-
nm, obecrieynBasi UX IKOJIOTUYECKU YMCTOM HHEPrHUeil, MOBBIIAS MPOU3BOACTBO M KOJIHUYECTBO
OOBIBAEMON MPOIYKIIMU, YTO MO3BOJUT ObICTpO okymuth [19b. DtoT BUg ADC nenaet Goiee
JOCTYITHBIM SJICPHYIO SHEPTEeTUKY, IPOJABHUTras €€ B MacChl, 4YTO TOJIHKO MOBBICUT 3aMHTEPECOBAH-
HOCTb JIFOACH 3TUM TUIIOM SHEPTUH.

BBoa B skcmimyaTtanuio miaBy4Mx aTOMHBIX 3JIEKTPOCTAHIIMM MO3BOIUT YCKOPUTH Pa3BUTHE
CeBepHOr0 MOPCKOTO MyTH M MOBBICUT 0JIArOCOCTOSIHUE HACEJICHUS, TIPOKUBAIOIIETO Ha TpUiie-
raloIIuX K HEMY TEPPUTOPHUSIX.

[MTADC dakTuyecku sIBISETCS OAHON M3 BEPUIMH Pa3BUTHs HALIETO CynocTpoeHus. To, 4To
Hayauoch KOTJIa-TO C aTOMHOTO Jiefokona «Jlenun», gouuio, HakoHen, A0 uaByued ADC unmn
I[TATOC, cocrosimeli 3 OeperoBoit MHAPACTPYKTYPHl U TUIABYYETO JHEProOIoKa «AKaJIeMHK
JlomoHocoBY». Takue ycTaHOBKH OyayT CHa0XKaThb dHEPrHel OOJbIINe TPYMIBI JIOJAEH U Coc00-
CTBOBATh PAa3BUTHIO TPOMBIIUIEHHOCTH. DTO WHHOBAIIMOHHBIN BHUJ SHEpPreTHuecko uHpa-
CTPYKTYPBI, U MBI B TIOJTHON Mepe MOKEM TOPJIUTHCS ITUM JOCTUKCHHEM.

Taxoke orpomsbIM TuIFOCOM [TADC siBnsieTcss BO3MOXHOCTh PaOOTHI HA OMPECHEHHE BOJIBI,
YTO aKTyaJbHO ISl )KAPKUX CTPAaH U OTJIAJICHHBIX MMyHKTOB C TPYIHOIOCTYITHOM BOJOH.

bubanorpadguyeckuii cnucok

1. BacunseBa M.B. POA: exemecsuHblil )KypHan aromMHoi 3HepreTuku Poccun. 2020. Ne 9.
64 c.

2. A¢ppuxanroB M.M. AToMHbIE CTaHIIMM Majoi/CpeHeld MOIIHOCTH U IUIaByuyue aTOMHbIE
TETUIOAIEKTPOCTAHIINU [ DJIeKTpOoHHBIA pecype] // PocatoM: amekrpoH. HayuH. cratbs. 2018-2020.
URL: http://www.okbm.nnov.ru/business-directions/atomnye-stantsii-maloy-sredney-moshchnosti-i-
plavuchie-atomnye-teploelektrostantsii/ (maTa oopamenus: 13.03.2021).

3. ATOMHBIE CTAaHIIMM MajoOi MOIIHOCTH: HOBOE HAaIlpaBJIEHHE pa3BUTHs SHepreTuku. T. 2 /
nox pex. akan. PAH A.A. Capkucosa. M.: Akaaem-IIpunt, 2015. 387 c.

64



YAK 621.3

Aunexcanap IlaBioBu4 XuHeBHY

JlanbHEeBOCTOYHBIN TOCYHAPCTBEHHBIM TEXHUYECKHHA PBIOOXO3SAWCTBEHHBIN YHUBEPCUTET,
rp. OH6-312, Poccus, BanuBocTtok, e-mail: hinevich2015@gmail.com

Kpucruna Cepreesna IlleBueHko

JlanbHEeBOCTOYHBIN TOCYHAPCTBEHHBIM TEXHUYECKHHA PBIOOXO3SAHCTBEHHBIN YHUBEPCUTET,
rp. DHO6-312, Poccus, BnaguBocTtok, e-mail: kristinasevcenko90@gmail.com

Hayunwuii pyxosooumenv — Enena Ilempoena Mamagornosa, kano. mexH. Hayk, 0oyeHm

PeaxTopbl Ha ObICTPBIX HEHTPOHAX

Annomayus. PaccMaTpuBaeTCsl TEXHOJIOTHUS alIbTEPHATUBHBIX aTOMHBIX PEAKTOPOB Ha OBICT-
pbIX HeiTpoHax. Takue peakTopsl MOTYT MO3BOJHUTH JIIOJISIM YMEHBIIUTHh WM BOBCE H30a-
BUTKCA OT 3axopoHeHuid OST, conepikaHue KOTOPHIX € Ka)/IbIM I0JI0M CTaHOBUTCS BCE JI0-
poxe. V3 mirocoB 1mo1o0HBIX pEeKTOPOB MOKHO OTMETUTh UX 00Jiee BHICOKYIO CTETIEHb 3allH-
TBI OTHOCHTEJIHHO OOBIYHBIX ATOMHBIX PEaKTOPOB, a TAK)KE€ BO3MOYKHOCTH CO3JIAHHS ITOJTHO-
LIEHHOTO 3aMKHYTOTO IIUKJIa IO IepepadOTKe aTOMHOI'O TOILIHBA.
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Fast neutron reactors

Abstract. This article discusses the technology of alternative fast-neutron nuclear reactors.
Such reactors can allow people to reduce or even get rid of SNF burials, the maintenance of
which is becoming more expensive every year. Among the advantages of such rectors, we
can note their higher degree of protection relative to conventional nuclear reactors, as well as
the possibility of creating a full-fledged closed cycle for processing nuclear fuel.

Keywords: fast neutrons, SNF, closed cycle, BN-800, nuclear reactor.

BBenenue
B Mupe nocTosiHHO paclupsrOTCs TOpoJa, pacTeT X HaceneHue. [1osBIsA0TCS HOBBIE MPO-

n3BoJcTBa. C KaXK/IbIM I0JIOM YBEJIUYMBAETCA MOTPEOHOCTH JIto/Iel B AyiekTpo3Hepruu. K coxa-
JICHUIO, TPAAULIMOHHBIE HCTOYHUKH SHEPIUHU, TAKHE KaK ra3, HeTh, yrojib UMEIOT OrpaHUYEHHbIE
3amachl, a UX nepepaboTka 3aMETHO BPEIUT OKpY»Karollel cpefe. A BOIPOC 3KOJOTMM B Halle
BpEMsI CTOUT OCOOEHHO OCTpO. AJIbTEpHATHBOM MOJOOHBIM MCTOYHHUKOM HEPTUU CIIyKaT pas-
JIMYHBIE BO30OHOBIISIEMbIE PECYPCHI U AACPHAA SHCPTCTUKA.
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B name BpeMs B 3KcIuTyaTali Haxoautcs nopsiaka 190 atoMHbIX snekTpocTanuuil. Jlnau-
pyrolee MecTo Mo KOIU4ecTBY moo0HbIX craniuii 3anumaet CIIIA u @pannus. B mupe xe no-
Ji1 aTOMHOM 3HEPreTUKH cocTaBiseT nopsaaka 17 %. OmHako q0Jisl JaHHOTO BUAA SHEPIUU pac-
TeT. C KaxabIM roJioM 3axiyajsiBatoTcst HoBble ADC. O1THaKO HECMOTpS Ha MEPCIEKTUBHI Pa3BU-
TS, JaHHBIM BUJ SHEPTUU MUMEET PsiJi CYIIECTBEHHBIX HEIOCTATKOB: (paTajbHbIE MOCIEACTBUS B
Clly4ae TeXHOTEHHBIX KaTacTpod U siIepHBbIC OTXObI, IEPUOJ XPAHCHUS KOTOPBIX JOCTUTACT Jie-
CSITH THICSY JIET.

OpHaKo CyIIeCTBYIOT PEaKTOPHI Ha OBICTPBIX HEHTPOHAX, CIOCOOHBIE PEIIUTh 3T HEIOCTATKH.

['maBHBIM 3JIEMEHTOB aTOMHBIX CTAHIUH SIBISIETCSA TOIIMBO, O€3 KOTOPOro OHU ObI HE pado-
tany. TOIIMBOM SBJISETCS YPaHOBas Py/a, a IIaBHBIM d1eMeHToM 2> U. IMEHHO OH BCTyNaeT B
pEaKuuIo JeJICHUS B COBPEMEHHBIX aTOMHBIX CTAHUUAX U SIBISIETCS UCTOYHUKOM sHepruu. K co-
JKaJIeHHI0, coziepkanue 2>°U B IIpupojie o4eHb Mano, npuMepHo 0,7 %. Bonbiyro 4acTh cocTas-
nsiet 228U, nmpumepHo 92 %.

235U B akTUBHOM 30HE PEaKTOpa MOJ AEHCTBUEM CAMOMIO IEPKUBAIOIIECHCS PEAKIMH JICTICHUS
pacmamaeTcsi Ha 2 OCKOJIKa MOJ ACHCTBHEM | HEUTpOHA, HO MPHU ATOM MCITyCKaeT 2—3 HEUTpoOHa.
OO6pa3oBaBirecss HEUTPOHBI BBUICTAIOT C OOJBINON KHHETHYECKON dHeprueil. OHU HA3bIBAIOTCS
OBICTPBIMH. 3aTEM C MOMOMIbIO 3aMEIUTENS], KOTOPBIM BBICTYIAET BOJA, OHHM 3aMEIJISIOTCS 10
TEIUIOBBIX cKopocTelt (mpumepHo 2200 KM/C) ¢ BBIASICHUEM OTPOMHOTO KOJM4YecTBa Teruia. Ta-
KM€ HEUTPOHBI Ha3bIBAIOTCS MeJieHHble. Boga, B CBOIO ouepe/ib, MOMYYHB TEIIOBYIO YHEPTHIO
HEUTPOHOB, HAYMHAET UCTIAPATHLCS, MPU ATOM Bpaliast TypOUHBI TeHEpaToOpa, KOTOPBIE BEIPA0aThI-
BaIOT JIEKTPUUYECKYIO SHEPTHIO.

Ho Bce 310 nporcxoaut 6naroaaps 2*°U, a 4o xe 10 »*%U? AxtuBHOCTS *5U B cpaBHEHHH C
235U oveHp Mana, HO MIPH peakIuy jaenenus us >5U obpasyeTcs apyroii anemeHnT — 23°Pu, koTo-
PBI OTJIMYHO IOAXOAMT Ha poJib TOILIMBA. HO Kak MOIXyd4UTH OpYyKEWHBINM IUIyTOHUH B J0CTa-
TOYHOM KonmdecTBe? Beap peakTop HEe MOXKeT OecKOHeUHO padoTarh ¢ ogHuMHU 1 Temu TBEJIa-
MU (TETIOBBIACNAIOMUN d5eMeHT). [IpuunHa B ToM, 4TO NpH paboTe SACPHBIA PEaKTOp BbIAETSIET
«SJIepHbIE SIIbD», KOTOPbIE MIIYIIAT PEAKLMIO JEJIECHUS, U NOJepKaHUE PEAKI[MN CTAHOBUTCS He-
BO3MOXKHBIM.

Tak Kak e MCIONIb30BaTh OCTaBIIMIACS Tocie peakiuu pacnana >SU u nomyunts 2°U? D1y
npo0JieMy MOTYT PELIUTh PeaKTOPhI Ha OBICTPBIX HEUTPOHAX.

Kak oxaszanocsk, 23*U nox jmeiicTBHEM OBICTPHIX HEWTPOHOB CHOCOOEH BBIIEIATH SHEPIHUIO, A
IpU peakuuu jejieHus odpasyercs 2>°Pu. OHAaKO BCTAaeT BOIPOC O TOM, KAKOE BEIIECTBO HC-
10JIb30BaTh JUIsl OTBOJA TeIjia. Beab Boga HE MOJIXOIUT, TaK KAk OHA sIBJsETCs 3aMeuiureneM. B
HACTOSIIEe BpeMsl MPEANOYTCHUE OTAaIH KUIKUM MeTajlaM, a IMEHHO Hatpuio. Hecmotps Ha
TO, YTO HATPH OYPHO pearupyer ¢ BOJOH, a IPH HarpeBE MOXKET CAMOBOCINIAMEHHUTHCS, TIPEIITO-
YTeHHUE OTJIATH UMEHHO eMy. [Ipu4uH U1 5TOT0 HECKOIBKO:

® HaATpHUii HE 3aMeIAeT HEUTPOHBL;

® B peakTopax, Ile HCIONb3yeTCs BOJa, HEOOXOAUMO MOJACPKUBATH JABICHUE TOPSIKA
160 atmocdep u Temneparypy okoso 330 °C. HaTpwuii ke npu cX0Kel TeMIiepaType HaXOAuTCs B
JKUJIKOM COCTOSIHUM MPU HOPMAJIBHOM JIaBJIEHUU. UTO UCKITIOUAET BEPOSITHOCTH B3PHIBOB;

® HATpUi HE BBI3BIBAET KOPPO3UH IJIEMEHTOB, C KOTOPBIMU COMPUKACAETCS ;

® XOpOILIO NMPOBOJUT U OTIAET TEILIO.

Bepuemcs k torumuBy. Kak yke roBOpMIIOCh paHee, peakTOPOB Ha MEAJICHHBIX HEUTpOHAX
HAMHOTO GOJIblIE, YeM Ha OBICTPBIX. A /Il CBOEr0 TOILIMBA OHM HCIIONB3yIOT 23°U, KOTOPOro B
oboraieHHol pyze Bcero 5 %, koraa kak 28U 95 %, a nocne peakiuu >>U CTaHOBUTCS MEHBIIIE
1 %, B To BpeMs kak 23U 94 % u nosnsercs okono 4 % *°U. Takoe TOMINBO yxkKe He TOAXOAUT
JUTSL TIO/JIEP’KaHUsl PEaKIMH B PEaKkTOpe, OHO Ha3bIBaeTCs OTPaOOTaHHBIM SACPHBIM TOILIMBOM
(OST). Ha nannstit MomeHT oT OST B GONBIIMHCTBE CBOEM M30aBIISIOTCS IyTEM 3aXOPOHEHHUS B
MoruibHUKax. Ho emy MOXHO 1aTh BTOPYIO ku3Hb. Ecin n3 OSAT XUMUYECKH BBIIEIUTH BEChH
ypaH, TO TaKO€ TOTUTMBO MOKHO OOJIy4aTh B peakTopax Ha OBICTPHIX HEUTPOHAX, CIIEOBATEIBHO,
HapaboTaTh TOIUIUBO JIJIsl PEaKTOPOB HA MEIJICHHBIX HEUTPOHAX.
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Takum 00pa3om, MONMy4aeTcs 3aMKHYTHIH TOIUTMBHBIA IIUKI, YTO TIO3BOJISIET JOOBIBATH
MEHBIIIE YPAHOBOU PYyJbI, a TAKXKE PEIIUTh IpobdieMy ¢ OonbiuM konmuecTBoM OAT u mecT ux
3axopoHeHHs. [1000HbIH 3aMKHY TR IMKII MeIeHHbIH peakTop — OST — ObIcTphIit peakTop —
MEIJICHHBIM peakTop MO3BOJHT MOJIYYUTh MOYTH OE€30TX0IHOE MPOU3BOACTBO ACIIEBON IEKTPO-
SHEPTHUU.

Ho nmouemy Toraa peakTopbl Ha ObICTPBIX HEMTpOHAX HE pacmpocTpaHeHbl? Bee oueHpb mpo-
CTO, HA JAHHBI MOMEHT — 3TO YKOHOMHUYECKH HE BBHITOJHO. B Haie Bpems ypaHoBas pyna A0-
BOJILHO JeniéBas B J0ObIYe, a MOCTpOilka peakTopa Ha OBICTPBHIX HEeWTpoHax TpeOyer Ooiee
TIIETHOTO TIOAX0/Ia, a TakXKe Ooble (GHHAHCHUPOBAHUS Ha pa3pabOTKy W coxaepkanue. OmHaKo
Tak Oyner He Bcerda. Ha maHHBIE MOMEHT caMbIM JJOPOTHM ITYHKTOM B TEepepadOTKe SAEPHOTO
TOIIJIMBA B PEAKTOPax M MOydeHus sHeprui spisiercst xpanenue OST. Kak Tonpko 3aX0poHEHUs
u xpanernue OST craHer AOpoXke, YeM MOCTPOHKa PEaKTOPOB Ha OBICTPHIX HEUTPOHAX, TO HUX
HAYHYT CTPOHUTb.

OpHaKo 5TO HE 3HAYHT, YTO PEAKTOPHI HA MEJICHHBIX HEUTpPOHAX MCUYE3HYT. PsmoM ¢ HUMHU
OyayT CTpOUTHCS OBICTpBIE peakTopsl. st yero 310 HykHO? OJHUM W3 TJIABHBIX JOCTOWHCTB
PEaKTOpoB Ha OBICTPHIX HEHTPOHAX SIBIISIETCS TO, YTO OHH MMPOU3BOAAT OOJIBIIE TOIUINBA, YEM TO-
tpebisiror. Ha 100 kr oTpa®oTaHHOTO SACPHOTO TOTUIMBA MPUXOAUTCS MOpsaKa 125 Kr cBexero
SIEPHOTO TOIUIMBA. Tak, CTAHIIUKA CMOTYT UMETh PEAKTOPBI, KOTOPBIE OYAyT MPOW3BOJUTH U TIe-
pepabaThIBaTh TOILTUBO JPYT IS APYTa, moxydast 3G QeKTUBHBIN 3aMKHYTHIH ITHKIL.

HecMoTpst Ha 10BOJIBHO OOJBIION MHTEPEC K MOJOOHBIM BHIAM PEAKTOPOB CPEIU Pa3BUTHIX
cTpaH HaumHas ¢ 60-X TOMOB MPONUIOTO BEKAa, B CTPOIO OCTAIOCH BCETO 4 HAYYHO-HCCIIEIOBA-
Tenbckux peakropa (2 — B Poccun, 1 — B Ungum u 1 — B Kurae). M 2 npoMbIlIEHHBIX peakTopa:
BH-600 u BH-800. O6a peakropa Haxoxstcs Ha benospckoit ADC. BH-800 sBnsieTcss cambiM
MOIIIHBIM, €T0 JIeKTpuueckas MoitHocTh 885 MBT, a termoBas — 2100 MBT. KII1/] 39,4 %. Ilep-
BBIN pa3 OH ObLI 3amyiieH B aekadpe 2015 r.

Peaktop coctout u3 2 30H — aKTUBHOM M BOCHPOM3BEACHUSA. B aKTMBHOW 30HE HAXOIUTCA
nuokcus ypana UO? ¢ Bbicokoii crenensio oboramenus 25U (mopsaaka 17-26 %), 9T0 Heo6Xo-
JMMO JIJIS TIEpBOTO 3aMycka peaktopa. B aToif 30He npoucxoaut nenenue 2°U u 2*°Pu.

Bropas 30oHa — 30Ha Bocmpou3BeneHHs (OJIAHKET), KOTOpas OIMOSICHIBAET aKTUBHYIO 30HY.
B 6nankeTe pacronoxensl cbopku u3 obegnennoro UO?. Coxepxanue 22°U B TakoM Buje
HAMHOTO MEHbIIIE, YeM B MPUPOAHOM. bombiyro yacTs coctapiser 2>°U. B GnankeTe He Tpowc-
XOJUT peakuusi AeJCHHs, OH HYKEH AJS MOJIy4deHHs saep, ACSAIIMXCS C MOMOIIBI0 TEIUIOBBIX
HeliTponos. ITo AeifcTBHEM TakHX HEHTPOHOB, HCIyCKaeMBIX M3 MepBoi 30HEI, 2*¥U B GmankeTe
npeBpaiaercs B >°Pu. Korma mocratounoe komudectso 28U Gyner mepepaborano B 22°Pu, u3
Hero m3roraBnuBaroT MOX-torumBo (MOX — 310 cMech nmuokcusioB (PuO2 + UO2). Co3ganue
MOX-TonnBa IPOUCXOAHUT ¢ TIOMOMIBIO PAJHOXHUMHUECKOH 06paboTku, n3 2*8U B 2°Pu), cocro-
smee u3 PuO2 + UO2. [Tonyyennoe MOX TOmIMBO BBOJMTCS B AKTUBHYIO 30HY peakTopa. Takas
nepepaboTKa TOIIMBA MOXKET OCYHIECTBIIATHCA 0 TpeX pa3. Ilpu 3ameHe ypaHOBBIX OJIaHKETOB
Ha CTaJIbHBbIE PEQIIEKTOPBI PEAKTOP MEpPECTaHeT ObITh OPUIEPOM U MOIYYUT BO3MOXKHOCTH CHKHU-
raTh OPY’KEHHBIN TUTYTOHUI U IPyTrUe TPaHCYPaHBI.

[ToMrMO aKTUBHOM 30HBI PEAKTOP UMEET TPH KOHTYpa TermooOMeHa. Takoe KOIM4ecTBO Obl-
710 HEOOXOAUMO, YTOOBI MTPEIOTBPATUTH 3arpsi3HEHUE BOJIBI, KOTOpasi CBOMM HCTapEeHUEM Bpallia-
€T TypOUHBL.

e B mepBoM KOHTYpe pacroIOKeH SACPHBIA pEeakTop, B KOTOPOM TPOUCXOAMT siICpHAS pe-
akiusi. B Hem Beizensercs: 6obliee KOJTUIECTBO TEIUIOTH, KOTOPOE PACIUIABICHHBIM HATPHUIA T1e-
peHOCHT nanbiie. TeMrepaTypa ®KUAKOTO HaTpus coctapisieT 354 °C, a Korja OH MPOXOJIUT aK-
THUBHYIO 30HY, TO 547 °C. B TerooOMeHHUKE OH MepeacT Yepe3 CTEHKY TEIUIO HaTPUIO BTOPOTO
KOHTYDA.

e Bropoii KOHTyp mepenaeT Temno, MOJyYeHHOE OT MEepPBOro, B TPETH KOHTYp, KOTOPBHIM
SBIISICTCS BOAA. DTOT KOHTYP HCIIONIB3YETCS TS 3aIUTHI BOJABI OT PaM0AKTUBHOTO HAaTpus. B HeM
HOJIIepXKUBaeTCs 00jIee BRICOKOE JIaBJICHHE, YeM B TIEPBOM KOHTYpe. DTO CAETaHo I 6e30macHo-
CTH, TaK KaK B CIy4yae MpOOUTHSI CTCHKU HATPUH U3 TIEPBOTO KOHTYpa HE MOMAaJIeT BO BTOPOH.
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e B Tperbem KOHType conepkurcs Boaa. OHa Mpu KOHTAKTE CO BTOPHIM KOHTYpPOM Harpe-
BaeTcs U ucnapsercs. [lomyueHHsli nap BpamaeT TypOUHBI TeéHepaTopa, KOTOPbIN BbIpaOaThIBAeT
DIIEKTPUUYECKYIO SIHEPIHIO.

Mup 3HaeT 2 TEXHOT€HHbIE KaTacTpO(bl Ha ATOMHBIX CTAHLUAX, OTTOJOCKH KOTOPBIX Ipe-
cienyroT Hac o cux nop. I[Tostomy npu npoektupoBanuu benosipckoit ADC Obun yuTeHBI Bee-
BO3MOYKHBIE (DAKTOPBI PUCKA M HOBEUIIME CUCTEMBI 3alUThl. MecTo, TJie paclooKeHa CTaHIUsS
HE MOJIBEP’KEHO 3aTOIUIEHHUIO, JaXKe IPU CUIBHOM HAaroHE BOJH BETPOM, a I[yHaMU HE MOTYT BO3-
HUKHYTb B BoJoxpaHwiuuie. [Ipy npoekTUpoBaHUU OBUIM YYTE€HBl BO3MOXKHOCTH 3aILUTBI OT
CHJIBHEHIIINX BETPOB, CHETOMAI0B, TOJIONIEA, TIepenaa TeMIepaTyp U BO3MOXKHBIX Mpo0i1eM Ha
BOJIOXPAHWIMIIE U BOJOTOKAX.

[Tomumo cranmapTHBIX MeToA0B 3amuThl peakTop BH-800 ncnons3yer HOBBIM criocob. [To-
racuTh LIEMTHYIO PEAKIMI0 B pEaKTOpe BO3MOXKHO Bcero 3a 4 c¢. Takas 3ammura BKIHOYaeT B ce0s
CTEep>KHH, cojiepKalie kapoua 6opa. 3ammra 3aKki04aeTcss B TOM, YTO JaHHbBIE CTEPKHH JIepiKaT
HAaCOChI U IIPU OTKJIFOYEHHUHU IEKTPUUECTBA OHM IO CUIIOHN TSKECTH OIyCKAalOTCS B PEAKTOp, Iie
norsiouiatoT HeuTpoHsl. Beero Ha BH-800 ncnons3ytoT 3 Takux CTEpIKHSL.

[ToMuMO TaHHBIX TACCUBHBIX CTEPKHEH B PEAKTOPE MPUCYTCTBYIOT aKTUBHBIE, KOTOPBIE Cpa-
0aThIBaIOT NP TOJAayYe CUTHAJA C aBapuiiHOTO natdnka. [Ipu cpabaThiBaHUM CUCTEMBI CTPEKHH
OIlyCKAaIOTCs B aKTUBHYIO 30HY U IIyILAT PEaKIHIO.

BeiBOA

KoneuHo, Ha JaHHBIII MOMEHT OBICTpBIE PEAKTOPHI HE PACIPOCTPAHEHBI B MHUPOBOM MPAKTH-
ke. Ho oHM uMeroT 0oJbIIyto MepCIeKTUBY K Pa3BUTHIO. biarogapss M MOYKHO pelIuTh pooIie-
My ¢ 3axoponenusmu OST u pa3zpaboTkoii ypaHOBBIX MecTOpokaeHni. OHU Oosee 6e30MmacHbI B
SKCIUTyaTalliu, a CBA3KA M3 HECKOJBKHX OJOKOB C PEAKTOpaMH Ha MEIJICHHBIX M OBICTPBIX
HEHTpPOHAX MO3BOJIUT B AIUTENbHON nepcnekTuBe odecneunBath ADC camoii ce0sl TOIUIMBOM.
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KOMﬁI/IHI/IpOBaHHbIﬁ JATYUK KOHTPOJIA NapaMeTPOB BOSHUKHOBCHHUSA IT0Kapa

Annomayusi. COBEpIIEHCTBOBAHKE allllapaTHBIX CPEJICTB M OPTraHU3AIMOHHBIX MEp IJIs 00-
Hapy)KeHI/IH o4yaroB HO)Kapa Ha CaMOM HAa4YaJIbHOM 5Tall€ €0 BOZHUKHOBCHUSA SABJIACTCA aKTy-
aJbHOM 3aiadeil. B HacTosdinee BpeMsi OCyIIECTBIISACTCS NMEPEXO0/] Ha MOKAPHbBIE U3BEIATENN
1 BCIIOMOI'aTCJIBHOC OGOpy,IIOBaHI/Ie, BBIITIOJIHCHHBIC Ha COBpeMCHHOﬁ HOHprOBOHHHKOBOﬁ
6aze. Haubomnee mepCrneKTHBHBIMU TIOKapHBIMU M3BEIIATEISIMU SBIISIOTCS MU3BEIIATEIN KOM-
6I/IHI/IpOBaHHOI‘ O Twuiia, KOTOpBIe HNMCKOT HECKOJIBKO I-IyBCTBI/ITe.]ILHI:nIX 3JICMCHTOB, peampylo-
IIMX Ha PA3JIMYHbIC TPU3HAKH MTOKapa, CUTHAIIBI KOTOPBIX JJOTHYECKH CYMMUPYIOTCH.
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Combined sensor for monitoring fire parameters

Abstract. Improving hardware and organizational measures for detecting fire foci at the very
initial stage of its occurrence is an urgent task. Currently, the transition to fire detectors and
auxiliary equipment made on a modern semiconductor base is underway. The most promising
fire detectors are combined-type detectors, which have several sensitive elements that re-
spond to various signs of fire, the signals of which are logically summed up.

Keywords: combined sensor, fire, safety.

CoBepIIeHCTBOBAaHNE AaNIApPaTHBIX CPEJCTB M OPTaHW3AalMOHHBIX Mep Uil OOHapy>KeHUs
04aroB I10’kapa Ha CaMOM HadaJIbHOM JTalle €ro BOZHUKHOBEHUS SBISETCS aKTYaJbHOW 3a1a4yei.

B Hacrosimee Bpems OCyIIECTBIISIETCS MEPEXO0/L Ha MOXKAPHBIE U3BEIATENN U BCIIOMOIaTelb-
HOe 000py/I0BaHNUE, BHIMIOJHEHHBIE HA COBPEMEHHOM MMOJTyPOBOAHUKOBOM Oase.

Haunbonee nepcnekTUBHBIMHU MOXApHBIMU M3BELIATENSIMU SIBJISIOTCS M3BEIAaTEN KOMOUHU-
POBAHHOI'O THIIA, KOTOPbIE UMEIOT HECKOJIBKO YyBCTBUTEIIBHBIX JIEMEHTOB, PEArMpYIOLIMX Ha pa3-
JIMYHBIE TIPU3HAKH TI0’Kapa, CHTHAIIBI KOTOPBIX JIOTHUecK cymmupyrotes (Gyukuus MJIN).

[TpennaraeMoe CXeMHOE pELIEHUE BBIIIOJIHEHO HA COBPEMEHHOW OTEYECTBEHHOM AJIEMEHT-
HOI 0a3e M MMEeT TPH KaHala ¢ JaTYMKaMH Teria, AbiMa U HHPpakpacHOTo u3nydeHus. Cxema
BBIIIOJIHEHA HA ONEPALIMOHHBIX YCUIIUTENSX.

Jlnst oOHapyKeHUs moXkapa MPUMEHSETCs. KOHTPOJIb TPEX MPU3HAKOB MOKapa: CBET, bIM U
uHpakpacHoe uznyudenue. [Ipu 3ToM yunThIBaeTcs, 4ToO NOSIBIEHUE JbIMa 0€3 CBETOBOIO (ak-
TOpa, OOBIYHOTO MM HH(PPAKPACHOTO, HE MOXKET CITYKUTh PU3HAKOM IOXKapa

PaboTta kaHaI0B NPOUCXOIUT CIAEAYIOLUIUM 00pa3oM.

69



B HMCcX0MHOM COCTOSIHMM TEIIJIOBOTO KaHajla Ha BbIXoje ycwminTens Al ¢ rryOOKo# MoIoKu-
TEJIbHOM 0OpaTHOM CBSA3BIO MOAJIEPIKUBACTCS MOJOKUTEIHHOE HANpPsDKEHUE, 3alyparoliee TpaH-
suctop VTI.

VYcraBka cpabaTbiBaHMs KaHana 3ajaercs peauctopoM R1. Ecnu npu HarpeBaHuM cONpOTHUB-
JIEHUE TEPMUCTOPOB CTAHET MEHBILIE BBICTABIEHHOI'O COIPOTHUBIECHMS pesuctopa R1, To ycunu-
TE€Jb ONPOKU/IBIBAETCS U OTPULATENIBHBIM HANIPSDKEHUEM OTIHpaeT Tpansuctop VT1.

JIpIMOBOI KaHan paboTaeT aHAJIOTMYHO, 3a cUeT 3acBeTku (poropesucropa RF paccesHHbIM
OTpakKeHHBIM OT AbIMa cBeToM Jammnbl EL. Kanan Bctymaer B paboTy TOJBKO TOCie cpabaThiBa-
HUS JTI000TO APYroro KaHaja v 3aropanus jJamisl EL.

PaboTa cBeTOBOro KaHaia OTIMYACTCS HAJTMYUEM OTPHUIATEIHHOTO HAINPSDKEHHS Ha BBIXOJE
yeunutens A2. OnpokuIbIBaHUE YCHUITUTENS IporucxoauT o aeictBueM ¢goro-3/1C doroanona
VD3, HaBoguMoro MHQpPaKpacHbIM HM3IyueHHEeM IUIaMeHu. MHppakpacHbIi (UIBTP HAXOIUTCS
niepen natyukoM RF.

B ucxognom cocrosinuu I11 notpednser Tok okono 60 MA, npu cpabaTbIBAHUU OJJHOTO yCH-
autensa — okoio 100 MA, nByx ycwmmteneil — Tok 120-150 MA, Tpex ycwiHTeneil — TOK
170-200 MA, T.e. BbIxoa y nanHoro 11 — TokoBblIit.

AHanm3 Moka3bIBaeT, YTO Hamboliee MEePCHEeKTUBEH MyTh YHU(DUKAIMKM MOXKAPHON CUTHAIN3a-
MY C IPUMEHEHHEM KOMOMHMpOoBaHHbBIX [11.

KoMOnHUpOBaHHBIN MTOKAPHBIN H3BEITIATEIb

[IpumeHeHne gaT4MKa, BBIMTOJHEHHOTO HAa COBPEMEHHOHW DJIEMEHTHOW 0a3e, KOHTPOIHPYIO-
IIer0 BCE TPU NPU3HAKAa BOSHUKHOBEHHS IMOXKapa, siBiseTCs 3((EKTUBHBIM CPEICTBOM MpPEIy-
MPEKICHUS MoXkapa.

Bbubmorpaguyeckuii cnucox
1. AnexceeB H.A. MukponporeccopHble CUCTEMBI YIIPaBICHUS 3JIEKTPOIHEPreTHUECKUMHU
YCTaHOBKAaMH MPOMBICIIOBBIX cyZ10B. M.: Koinoc, 2008. 424 c.

2. MonoukoB B.Sl. MukponponeccopHble CUCTEMbI YIIPABIEHUS TEXHUYECKUMH CPEICTBAMU
PBIOOTIPOMBICIIOBBIX CYI0B: yueb. mocodue. M.: Mopknura, 2013. 362 c.

70



YAK 621.3

AnHa /ImuTpueBHa SlpomeBa

JlanbHEeBOCTOYHBIN TOCYHAPCTBEHHBIM TEXHUYECKHHA PBIOOXO3SAWCTBEHHBIN YHUBEPCUTET,
rp. DHO6-312, Poccus, BnaguBocrok, e-mail: yarosheva.2000@mail.ru

Hayunwii pyxosooumenv — Enena Ilempoena Mamagornosa, kano. mexu. Hayk, 0oyeHm

JHeproobdecneyeHne arponpoMbIIIIIEHHOT0 KOMILUIEKCA HCTOYHUKAMH
BO300HOBJIsIEeMO#i JHepruM (CoJIHeYHbIe OaTapen)

Annomayus. CelbCKOe XO3SIMCTBO CYMTACTCS OJHUM M3 BEIyIIUX CEKTOPOB SKOHOMHKH B
HSKOHOMUYECKOW JEATEIIFHOCTH HAIIETO ToCyIapcTBa. DHeproodecneyenne MOOMIBHOTO ar-
papHOro 060pyaoBaHus O6a3upyercs Ha He(pTIHOM roprodyeM, BCIECACTBHE 3TOTO HAXOAUTCS B
3aBUCHMOCTH OT MMIIOpTa HMCKOmaeMoro ropiodero. [Ipobiema pecypcocOepexeHus rocy-
JlapcTBa cuMTaeTcss Hanbosee BaXXHBIM. B HacTosiee BpeMsi aKTUBHO Pa3BUBAETCSl BHEIpE-
HHE 3JIEKTPOTPAHCIIOPTA, KOTOPHI MMEET BO3MOKHOCTH HCIIOIb30BaThCSA, B TOM YHCIIE M Ha
depmax i1t UCCIeI0BaHHUs KauecTBa MPOAYKLUH, KOTOpasi MPOU3BOAUTCS HEMOCPEICTBEHHO
Ha (epmax, Ha/30pa 32 TEXHUKOM M3TOTOBIICHUS NPOIYKINH | 1Ip. B ¢Bs3M ¢ 3TMM BO3HHMKa-
€T MOTPEOHOCTh CO3/1aHUSI BHICOKOA((PEKTUBHBIX M HAIEKHBIX CTAHIMHA MOA3APAIKU aKKY-
MYJISATOPHBIX OaTapei AJsl TaKOTO 3JIEKTPOTPAHCIIOPTA.

PaccmarpuBaeTcst MeTOAMKA TOA3APSAKH aKKyMYJISTOPHBIX Oatapeil 3JeKTpoTpaHCcIopTa OT
connia. CoylHEeYHas! AIEKTPOCTAHIINS Pa3MEIIACTCS PAIOM C CEIbCKOXO3SHCTBEHHBIM MTPOU3-
BojicTBOM. IlpennoxkeHHas ¢epMepckas COMHEUHas! JICKTPOCTAHIMS MOXKET HaXOIMTHCS B
MOMEIICHUH TapaXka, MPUIEM JICKTPOHHO-TIPE0Opa3yroIue MpruOOPsl TOHKHBI OBIThH 3aIlly-
IICHbI OT HApPYXKHOTO B03I[CI\/’ICTBI/ISI PA3JIMYHBIX OCAKOB M pa3sMCIIATLCA BHYTpPHU 3JaHUA, A
CaMU COJIHCUHBIC MOAYJIH OOJIKHBI HAXOJUTHCA HA OTKPBLITOM MPOCTPAHCTBE W HC HOJIPKHBI
OBITh 3aTEHCHBI PACTHTEIBHOCTBIO W Pa3IHMYHBIMU KOHCTpyKIUsMH. KomndecTBo Momyieit
COJTHEYHOH 3JIEKTPOCTAHIMH 00y CIaBINBACTCS HYKHOW JJIs1 HE€ MOUTHOCTBIO 3apSIKH.

Knrouesvie cnosa: coilHeYHbIE 3IEKTPOCTAHLMM, 3apsIHbIE CTAHLIMM, arpapHOE NPOMU3BOJ-
CTBO, BO30OHOBJIsIEMasi SHEPTUI.

Anna D. Yarosheva

Far Eastern State Technical Fisheries University, ENb-312, Russia, Vladivostok, e-mail:
yarosheva.2000@mail.ru

Scientific adviser — Elena P. Matafonova, PhD, Associate Professor

Energy supply of the agroindustrial complex with renewable energy sources
(solar batteries)

Abstract. Agriculture is considered one of the leading sectors of the economy in the econom-
ic activity of our state. Power supply of mobile agricultural equipment Based on petroleum
fuel, as a result, it is dependent on imports of fossil fuels. The problem of resource conserva-
tion of the state is considered the most important at the present time. Currently, the introduc-
tion of electric transport is actively developing, which can be used, among other things, on
farms to study the quality of products that are produced directly on farms, to supervise the
production technology of products, etc. In this regard, there is a need to create highly effi-
cient and reliable stations recharging batteries for such electric vehicles.
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This article discusses a technique for recharging electric transport batteries from the sun. The
solar power plant is located next to agricultural production. The proposed farm solar power
plant can be located in the garage, and the electronic converting devices must be protected
from the external effects of various precipitation and placed inside the building, and the solar
modules themselves must be located in an open space and must not be shaded by vegetation
and various structures. The number of solar power plant modules is determined by the charg-
ing power required for it.

Keywords: solar power plants, charging stations, agricultural production, renewable en-
ergy.

Beenenue

DneKTpUUecKas JHEPTUs OT COJIHEUHBIX IEKTPOCTAHLUMN TAaK)Ke MOIMYJIsIpHA AJIs TpaHCIOpTa
C DJIEKTPONPUBOIOM. MOOUIIbHBIE SHEPTOCPEACTBA OMpPEEsieT COOCTBEHHAs IKCIUTyaTalus U B
arpapHoM Inpou3BojacTBe. [IpuMepsl 31eKTPHUECKUX TPAaKTOPOB ObUIM paHee MPe3eHTOBAaHBI Ha
BBICTaBKaX OCHOBHBIMHU IPEANPUATHSIMH TPAKTOPHOM TEXHUKH, KOTOPBIE IOKA3BIBAIOT BEPOST-
HOCTb BBEJICHHS 3JIEKTPUUECKUX MAIMH B arpapHoe MPOM3BOACTBO. B Onmmkaiiiield nepcrnekTuse
SHEProCcHAOKEHNE MOOMIIFHOTO arpapHOro 000py10BaHUs OyIeT MPOUCXOAUTh HE Ha HEPTIHOM
rOprYEM, a IIPU IKCIUTyaTaly COJTHEUYHOU SHEPTUH.

3amaueld pa3pabOTKM KOHCTPYKIMI 3apsSAHBIX CTaHIUN I MOA3APSAIKA aKKyMYJISITOPHBIX
Oarapeil OT BO30OHOBIISIEMbIX HCTOYHHKOB YHEPTUU 032004€HO OO0JIBIIOE KOJIMYECTBO IKCIEPTOB
Y NPOU3BOAMUTENEH AEKTpOTpaHcnopTa. Takke 1e1b TOCTPOMKUA CTAaHIUMK MOJ3apSIAKA aKKyMY-
JSITOPHBIX OaTapei Ui AIeKTPOTPAHCIOPTA aKTyallbHa JJIsl arpapHbIX MpeanpusTuii. MomHocTh
TAKOTO AJIEKTPOTPAHCIIOPTAa MOXKET COCTaBIATh A0 10 kBT u Gojee, IMEHHO MOATOMY CTaHITUS
JIOJIKHA BJIAZIETh HAJUIEKAIIMMH TEXHUUECKUMHU XapaKTePUCTUKAMHU.

Hpyroii Bonpoc — pazMenieHne 3apsaaaoi crannuu. Ciemyer o0 1ymMaTh HauIydlee PelieHne
MECTOMOJIOKECHUSI COJHEYHON 3apsiIHOM AJIEKTPOCTAHIIUH, TaKHUM OOpa3oM, YTOOBI 3IJIEKTPO-
TPAHCIOPT, KOTOPBI HCIOIB3YET 3Ty YCTAaHOBKY, MOT B CBOOOJHOU (popMe UMETh K HEl JOIMYCK.
Conneunsle ¢orodnekTpudyeckue Moaynu (COM) NOKHBI pacroyiarathCsi Ha OTKPBITOM IPO-
ctpanctBe. Pa3menienue Habopa 100aBOUYHBIX aKKyMYJSTOPOB JOJKHO OBITH MPEAYCMOTPEHO B
MECTE PacIoIOKEHHsI oXpaHseMoro oobekra. [loaToMy mpeamnonaraercsi paclojoXKHUTh COJIHEY-
HYIO 3JIEKTPOCTAHIIMIO B TIOMEIICHUH rapaka. DJIEKTPOCTaHIUs 00s13aHa CKIaapBaThes u3 COM,
YCTaHOBJICHHBIX Ha FO)KHOM CKaTe KPBIIIU Tapa)ka, KOMMYTAI[HOHHOTO O0Kca, KOHTpoJIepa 3apsiia
1 KOHHEKTOpa, pa3MEIIEHHBIX BO BHyTpeHHeH yactu nomernieHns. COM moJKHBI BRIOUPATHCS C
yu€ToM reorpaduueckoi MUPOTHl MeCTa PACHOI0KEHUs (PEPMEPCKOTo X035HCTBA.

OO61ue cBeeHHs O CBS3U arpolpOMBIIIIEHHOTO KOMILJIEKCA U UCTOYHHKAMU BO300HOBIIsIE-
Moii sHepruu 3a pyoexoM. B SolarPower Europe yOexxaeHbl, 4To MeCTHOE pernoHalbHOE arpap-
HO€ IIPOU3BOJICTBO B KOMOMHAIIMY C COJTHEYHOM YHEPreTUKON OyAyT XOPOIIUM CTapTOM Ui HO-
BOI CTaOMIILHOW eBpomeickoi skoHoMHKH. Tpelinepckas opranm3aius chopMHUpoBalia MeIeBYIO
KaTEeropHio BO I1aBe ¢ (paHIly3CKHUM HE3aBUCHUMBIM M3TOTOBUTENIEM 3JIEKTPOIHEPrur Amarenco,
KOTOpasi yCTAHOBUT CEJIbCKOE XO3AKUCTBO HA BBICOKUE ITO3UIIMHU B arpapHOU MoauTuke EBpors! U,
KpOME TOTr0, ONPEAEIIUT MEKyHAPOAHBIE 3TAJIOHBI JI1 3TOTO CEKTOPA.

HenocpeactBeHHO B naHHBIX paMmkax EBponelickas opraHusanusi IPOMBIIUIEHHOCTH COJI-
HEYHOW 3Hepruu GOpMHUPYET HOBYIO pabOYyI0 KaTeropvio, KOTopas CTaHeT paboTaTh HaJ 3aja-
YaM{ arpapHoOro KomIuiekca. MeToauka, CriocoOHast UCTIOIb30BaThCS HA BCEX y4acTKax, yUUThI-
Bas pazHOOOpa3Hylo reorpaduio (TyJa OTHOCATCA U PErHOHBI C 3aCyILIUBBIM KIMMATOM, U OCT-
poBa), KOoTopas MpU3BaHa OKa3aTh MOAJAEPKKY arpapHOMY NPOM3BOACTBY — OAMH U3 CEKTOPOB,
KOTOpPBI OOJIbIIIe BCETro 3aTPOHYT M3MEHEHUEM KJIMMaTa, K TOMY K€ CTUMYJIHPOBATh MEPEKIIIO-
YEHHE Ha «3EJIEHYI0» SHEPTUIO.

PaGouyro komanay craner Bectu (paHiry3ckas ¢pupma Amarenco, KOTopas cOOMpaeTcs BbI-
CTaBUTh CEKTOpP «HA BBICOKME IIO3ULMHU B arpapHoil noautuke EBpombny, KpoMe TOro, CTpEMHU-
TEJIbHO BBOJAUTH CTHUMYJIbI C LENbIO IPUHATHUS arpoPOTOBOJIBTAUYECKUX 3aKIIOYEHHUI COTIacHO
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Bcell EBporne, CKOHIIEHTPUPOBAaB HHTEpEC Ha pepopMax C LENbI0 €IUHOIO arpapHoOro Mpou3BO/-
CTBa», a TaKXKe OCYLIECTBIIATH MOJUTHKY M CTPATETHIO «OT ()EpPMbI K CTOIY», 3aja4eil KOTOPOi
CUMUTAETCS U3rOTOBJICHUE TOBAPOB MUTAHUS 00JIee SKOJIOTMYECKH YUCTHIM METOIOM.

OcHOBHOE HallpaBJIEHHE CTaThbU. TpaHCIOPTHOE CPEACTBO CEIBCKOX03HCTBEHHOIO Ha3Have-
HUSL C JIEKTPOIIPUBOAOM COJIEPIKUT aKKyMYJISITOpHbIE OaTapeu, KOTOpble HEOOXOJUMO MEPUOIU-
YecKH 3apsikarh. [leproa 3apsaKu 3aBUCUT OT peskuMa paboThI 3JeKTpoTpaHcnopTa. Kak mpasu-
JI0, OCHOBHON KOMIUIEKC pabOT ¢ MPUMEHEHHEM 3JIEKTPOTPAHCIIOPTa POU3BOIUTCA NHEM. J[HEM
K€ OCYIIECTBIIACTCS MPUXOJ] CONIHEUHOM MHcomAuuu. [TosToMy momzapsinka 6arapei OT coyHed-
HOM 3JIEKTPOCTaHIIMU BO3MOYKHA UMEHHO JHEM. [loaToMy, 4TOOBI TapaHTUPOBaTh (YHKIIMOHUPO-
BaHHE 3JIEKTPOTPAHCIIOPTA B pabOUMii MEpHUO/I, HYXKHO JepKaTh HE MEHee JBa Habopa aKKyMyJis-
TOpHBIX Oatapeil. OWH U3 HUX YCTAHABIMBAETCS HA AJIEKTPOTPAHCIIOPTE, @ BTOPOU 3apsmKaeTcs.
[Tpu1 HEOOXOIMMOCTH BBHITIOTHSIETCS 3aMEHA KOMIUIEKTOB.

COM n01KHBI HAXOIUTHCS Ha OTKPBITOM IPOCTPAHCTBE M HE JOJDKHBI OBITh 3aTEHEHBI pac-
TUTEIBHOCTBIO M PA3TUYHBIMU KOHCTPYKUMSAMH. Heo0X0oauMo TIIATENbHO OLIEHUTHh CHOCO0 HMX
OpHEHTAIMH B MpocTpaHcTBe. Bri6op yria ckinonennss COM 3aBucHT OT reorpaduueckoro pac-
MOJIOXKEeHUs (epMepcKoro Xo3sicTpa. s KakIoW IIMPOTHI CYIIECTBYET MOIXOASAILIMHA yTroi
HakioHa CDOM. Jl51g BECEHHETO U OCEHHETO Mepruoja MOAXOIAIIMN Yroa HaKJIOHa paBeH 3Haue-
HUIO IIHUPOTHI TeppuTopuu. /st 3MuMHEro nepuoaa K 3Ha4eHUIO MWUPOTHl itocyerca 10—-15 rpa-
nycoB. B neTHuii nepuoa oT 3HaYeHUsT WUPOThl oTHUMaeTca 10—15 rpagycos. IIpu oTcyTcTBHM
BO3MOXKHOCTH MEHSATH yroi HakjioHa COM Monynu GUKCHUPYIOTCS MO YIJIOM, 3HaYE€HHE KOTO-
pPOT0 COCTABJIAET CPEJHEE 3HAYCHNUE MEXKY MOAXOASIINM JIETHUM U 3UMHUM YIJIOM.

YcranoBka COM B MIIOCKOCTH KPBIIIM Tapaka 00J1a1aeT cOOCTBEHHBIMU JOCTOMHCTBAMH,
TaK KakK yroJl HaKJIOHa CKaTOB KPBIIIM B LIEHTPAJIBHOM 1oJ0ce POCCHU MOYTH CXONMUTCA C HYX-
HbIM yriioMm ckjioHeHust COM 50 rpaxycoB. Haubonee Tounas cOopka oOyciaaBiuBaeTcs pa3me-
LICHUEM Ha KpPEIUICHUSAX, KOTOPbIE TapaHTUPYIOT NPEABAPUTENBHO HA3HAYCHHBIN MOAXONAIIUN
yroJl ¥ 1a€T BO3MOXKHOCTb PYyYHBIM CIIOCOOOM M3MEHATh yroi HakioHa COM nBaxbl B roj — B
3UMHUH ¥ JIETHUN TIepuoibl, TeM cambiM noBbitast KITJ[ npeoOpazoBanusi.

CounHeuHas 3apsiiHas JIEKTPOCTAHLUSA JaXKe IPU PACCESHHOM COJHEYHOM H3Iy4eHHUHU 00s13a-
Ha TAapaHTHPOBaThb HYKHBIM YpPOBEHb 3apsAna. HopMaTuBHBIM Iepuox 3apsna CBHHIIOBO-
KHCJIOTHBIX U ILIEJIOYHBIX aKKyMyJTOpoB coctaBiser 10 % ot ux émkoctu, wim 10 4. Cambimu
OBICTPO 3apsSKAEMBIMU AKKYyMYJISITOpPAMH SIBJISIOTCS JIUTHI-HOHHBIE aKKyMYJISITOPBI, BpeMs [0
MIOJIHOM 3apsIKH KOTOPBIX COCTaBIAET 4 4.

Jlna Gonee neNCTBEHHOW MOA3apAIKUA aKKyMYJIATOPOB HYKHO KOMMyTHpoBaTh COM Takum
o0Opa3oM, uTOOBl OHM 00Janand HauOOJBIIMM T'€HEPUPYEMBIM TOKOM. DTO BO3MOXKHO, €CIIH
HanpspkeHue COM Beie HampspkeHus akkymyJsiTopoB. IIpu atom COM Hazno moxakitoyaTh K
akKymyJssitopaMm depe3 auox VD1. Oto HeoOXoauMo JUIst TOro, YTOObI MPU HEJOCTAIOIIEM COJI-
HEYHOM Hu3IyuyeHuH HampspkeHne Ha CDM, cTaBiiee HUXKE HANPSHKEHUS] aKKyMYJISITOPOB, Uepe3
BHyTpeHHee conportuBieHne COM He paspsawio ux. Ilpu yxyameHHbIX oOCTOSTENbCTBAX 3a-
pSAKa MOKET MTPOJOIKATHCS IEIbI CBETOBOM JICHb. B HOYHOE BpeMsi CyTOK COJTHEUHBIC OaTapen
HET MOTPeOHOCTH OTKJII0YATh OT aKKyMYJISITOPOB, TaK Kak OHM OyIyT OTKIIIOYEHbI aBTOMAaTHYe-
CKH ¢ mmomoIbio guoma VDI,

Konnencarop C1 HyXeH, eciii akKyMyJIATOpbl OynyT 3apsbkaTtbes B OydepHoM pexume. bBy-
(depHbII peXUM MO3BOJSET 3apsj aKKyMYJSATOPOB TOKOM, paBHbIM 20-25 % E&MKocCTH, TEM ca-
MBIM HanOoJiee yMeHbIasi POIOJKUTENBHOCTD 3apsia. OHAKO MOA0OHbIE PEKUMBI HE J10JIKHBI
MIOCTOSIHHO MTOBTOPSATHCS ¥ POU3BOAUTHCS B CAMBIX HEOOXOAUMBIX CITydasx.

[TocnenoBarensbHo ¢ COM B 1enb BKIOYEH aMIIEPMETP, NMOKA3bIBAIOIIUI YPOBEHb TOKA HA
3apAAKY aKKyMYJISITOPOB.

[Tpu sKCIEpUMEHTANBHBIX MCCIEIOBAHUAX BO3MOKHOCTEH anekTpomodminst «BA3 2111 Oka
O» Ha Hero Oblla yCTaHOBIIEHA aKKyMYJISITOpHas Oarapes, KoTopas obecneumsa mpoler sJek-
TpoMoOmIIs 60 KM Ha OHOM LMKJIE 3apsJia, YTO JOCTAaTOUYHO (GepMepy Ul OAHOro pabouero JHs.
EMKOCTh yCTaHOBJIEHHOM aKKyMYJISTOPHOW OaTraped B 3TOM ClIy4yae COCTaBisieT 5 A-4, HOMHU-
HajbHOE HanpsbkeHue 520 B.
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MOUIHOCTh COTHEYHOH 3apsIAHOM 3JIEKTPOCTAHIIUHM COCTABJISIET
Pcr=Un.C-k=520-5"-1,35=3510 Br,

rae Pcs - pacyéTHas MOIIHOCTh COJIHEYHOM 3apsAIHOW 3JIeKTpocTaHUuuu; Ux - HOMUHAIBHOE
HaNpPsDKEHUE aKKyMYJSITOpHOH Oatapeu, B; C — eMKOCTh akKyMyJISITOpHO# Oatapeu, A-4; k — Ko-
3G (HUIHIEHT ONTUIECCKUX TTOTEPh.

Hcxons U3 MOIIHOCTH CONTHEYHOW 3apsiIHOM 3neKTpocTaHiuu Boioupatorcs COM mo cre-
JIYIOIIEMY QJITOPUTMY:

Omnpenensiercs konuyectBo COM B 3aBUCHMOCTH OT HANpsDKEHUS aKKyMYJISTOpHOW Oata-
peu, WrT.:

n=Uab ~ Ua= 520+ 12 = 44 mr.,

rJie 7 — KOJTMYeCTBO aKKyMYJIATOPOB B aKKyMYJISTOpHOU OaTtapee; Uab — HaNpsHKEHUE aKKyMYyJIsi-
TopHOU OaTtapen, 520 B; Ua— nampsukeHue akkymyssitopa, 12 B.
Omnpenensercst MoiHOCTh ojiHoro COM, BT:

Pcorvi = Pcs +n = 3510 + 44 = 80 Br,

rae Pcom —momHocTh 0gqHOoro COM, BT; P> — pacuéTHas MOLIHOCTh COJIHEUHOM 3apsAIHOM 3JeK-
TPOCTaHINH, BT; # — KOTMYECTBO aKKyMYJISTOPOB B aKKyMYJISITOPHOU OaTapee, IIT.

Bri6pans! conneunsie Moyu Exmork @CM-80IT 80 Br.

Pacuér komuuectBa COM coHEUHO 3apsTHON SIEKTPOCTAHIIUN TTPOU3BOJAUTCS, IIT.

nin = Pco + Pnan =3510 + 240 = 15 .,

rae nn — konuuectso COM, mt.; Pcy — MOIIHOCTh COJTHEYHOU 3apsiAHOM 3JIeKTpocTaHUuu, BT;
Prnan —momnocts ogaoro COM, Br.
Bri6pannsie COM mokIi0uaroTes MOCIEA0BATEIbHO Ha KPBIIIE FapaKHOTO MOMEIIIECHUS.

BrIBoabI

Bt paspaboran ¢parmeHT dhepmepckoi comHedHoM 3ekTpoctanmu ¢ COM s 3apsiaa
aKKyMYJIATOPHBIX OaTapeil snekTporpancnoprta. MccnenoBan Bonpoc yria HakioHa COM. Ilo-
CTpPOEHA AJIEKTPUUECKasi cxema, paccuntana MomHoctb COM, nonobpanst COM 1no MOIIHOCTH,
paccunTaHo HykHOe kKonudecTBo COM nans 3apsia akKyMyJSITOPHON OaTapen.

ArpapHOo€ NpOU3BOJCTBO CUMUTAETCS TJIABHOM 3KOHOMHYECKOW IesATeNbHOCTHIO. IlomMumo
ATOr0, B MaCCOBOM KOHTEKCTE U MepCcrneKTHUBax (OpMUPOBAHUS arpapHbIX TEXHOJOTUHN CIIpoc Ha
SHEPTHUIO0 CTPEMUTENBHO yBEIHYMBaETCs. ArpapHoe 000pya0BaHHE, CENbCKOXO03SICTBEHHBIE CO-
OpY>KEHUS U MPOU3BOJICTBEHHBIE MOIIHOCTH PETYJIPHO YJIyUIIAIOTCs, U UX YHEPronoTPpeOHOCTH
BO3pacTaroT. J1st TOro 4ToObl COBEPIIEHCTBOBATH MMEIOIINECS MHOTO00OCHIAIONINe TeHACHIINH,
BECbMa HEMAaJIOBa)XHO PEryJUpoBaTh MPOOJIEMbl 3HEProoOecredyeHns, U pa3pelieHue JaHHBIX
BOIIPOCOB HEOOXOMMO HAXOUTh U3 YHCIIA YUCTHIX U PE3YIbTaTUBHBIX HCTOYHUKOB YHEPTUU.

HayuHno-TexHn4yeckne BO3MOKHOCTH B HAILIEM I'OCYIAPCTBE JAFOT BO3MOKHOCTh AHAJIU3UPO-
BaTh MPUMEHEHHE COJIHEYHOH PHEPTUU OJHUM U3 KIIIOUEBBIX MCTOYHUKOB SHEPrOCHAOKEHHS B
HeJaNEKON MEepCIeKTUBE M B Owkaiie Bo3MoxHOCTH. COJIHEUHAss SHEPrUsl CTaHET MpUMe-
HATBCS KakK B OBITY, TaK U Ha MPOU3BOJICTBE, KaK B TOPOACKHX YCIOBHSX, TAK U HA CEJIIbCKUX TO-
ns1x. J{J1s FO)KHBIX PETHOHOB BBEACHUE DIIEKTPUUECKUX CEIbCKOXO3SIICTBEHHBIX MAIIMH U TPAKTO-
POB C 3JIEKTPONIPHUBOJIOM 0COOEHHO Ba)KHO.
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Cexnus 4. PU3NYECKHUE SABJIEHUA U UX IPUMEHEHUE
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I/I3yqe}me 3aBUCHUMOCTH CKOPOCTH ABMKCHHUA BCJIOCUIIEAA OT NMEPEAATOTHOIO
OTHOLICHUSA 3y6an0r0 KoJ1eca

Annomayus. VI3yuen oOuuii npuHIUN pabOThHl BEJIOCUIIEIa, B TOM YHCIIE COCTaBHbBIE YaCTH
MEXaHHM3Ma Tepejaud SHEPTUU U MPOIECC MEPEKIIIOUEHUs NMEePEeIaTOYHOTO OTHOMICHUS 3y0-
yaTbiX Kojéc. [lomyueHsl sKcriepuMeHTa bHbIE TaHHbIE M0 CKOPOCTH MOABEMA B BO3BBILICH-
HOCTb M paCCUYMTaHbl TOYHBIC 3HAUCHUS CUJI, IPEMSATCTBYIOMIUX ABUKEHUIO.

Knrwouesvie crnosa: ximaccmdeckas MEXaHUKa, 3y6anoe KOJIECO, BCJIOCUIICA, IMNEPECAATOUYHOC
OTHOIICHUEC, IBMXKCHHUEC HA MOIBEM.
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Study of the dependence of the speed of the bicycle
on the gear ratio of the gear wheel

Abstract. The general principle of operation of the bicycle, including the components of the
power transmission mechanism and the process of switching the gear ratio of the gears, is
studied. Experimental data on the rate of ascent to high ground are obtained and the exact
values of the forces that hinder movement are calculated.

Keywords: classical mechanics, gear wheel, bicycle, gear ratio, lifting motion.

UYenoek, Oyaydn B ABHKCHUU HA BEIOCHUIIEE, COBEPIIAET MYCKYJIHHOM CHIJION HOT Bpale-

Hue neaaneil. [lenanu, B cBOIO ouepeb, COSAUHEHBI C MIepeIHel MecTepHEN HemoABMKHO (Tiea-
JIM COOCHBIE, CKpETIeHBI BasioM). [lanee ¢ mepeaHeil mecTepHn CUila BpaIleHUs epenaéTcs ye-
pe3 1enb 3a7Hel mecTepHe (KacceTe), KOTopasi, B CBOIO OYepe/ib, MepenaéT BpallleHUe 3aJHEMY
Kousiecy. B cirydae, xoraa paccMaTrpuBaeTcsi IBM)KEHUE BEJIOCHIIE A, YCHIIUE C TIEpeIHEeH mecTep-
HU, mepeAaéTcs MpH MOMOIIM [ENU Ha KacCeTKY, 3aKpeIUIEHHYIO Ha 3aJHEM Koiece. J[BrkeHue
MIPOMCXOIUT 32 CUET MPUIIOKEHUS YCHIINS HA TIEJIANIH, TEM CaMBIM CKOPOCHb OBUNCEHUSL 3A8UCUM
Om BeIUUUHBL CUNbL, NPUTONHCEHHOU HA 8e0YWYI0 WeCMepPHIO, U 8eIUYUHbl CUNbl, NePeOaHHOU HA
8€00MYI0 WUECMEPHIO.

[Iponecc nepexioueHus nepegad — 3To nepedpoc Lenu ¢ OAHOM MIECTepHU Ha APYTYIO Kak

Ha NepeHen IIEeCTEpHE, TaK M 3aaHen kaccete. [lepexkimtoueHne nepenadyn MpOUCXOANUT CIEIH-
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aIbHBIMU PY4YKaMU Ha pyJie — MaHeTKaMu. MaHeTKu ObIBalOT BYX BHJIOB: BpalllaTeabHbIN (TIepe-
KITIOUEHHE BPAICHHEM PYUYKHU PYJIs), PHIYaKKOBBIH (MIEPEKITIOYCHHUE PhlYaraMu).

VY pBIYaKKOBBIX MEpeKIroyaTesieil UMEIOTCS PhIYaKKHU JJIS MablEeB: OJMH MEPEKIIouaeT Ha
OoBINYyIO TIepenady, Apyroi — Ha MEHbIIYI0. JIeBas MaHeTKa OTBEYAeT 3a MEPEKIIIOUeHUE TIepe/I-
HEW IIEeCTepHHU, a MpaBasi — 3a NEePEKII0YeHrE B 3aaHel kaccere. CoeIMHEHNE MEPEKITIOYaIOIINX
MEXaHU3MOB Ha MIECTEPHSAX C MEPEKIIYATESIMU Ha PyJie MPOBEACHO B BHUJAEC METALNTUYECKHUX
TPOCHKOB.

J11s1 ipoBeIeHSE OTIBITOB MPUMEHSIIOCH 000PYI0BAHKE C PHIYAKKOBBIM MEPEKITIOYCHIEM TIepe/iay.

Ecnu Ha Benocunene ycTaHOBIEHO 3 MEpeHUE MECTEPHU U 7 3aHUX IIECTEPHEH, Clien0Ba-
TEJIbHO, O0Ilee YUCIo cKopocTeit coctaBisier 21. HeB3upas Ha BbIlIeCKa3aHHOE, TEXHUYECKUE
pPEKOMEHIallui Ha 000pyI0BaHHE OT MPOU3BOAUTENS COBETYIOT HCIIOIB30BATh CIEAYIOIINE I1e-
peaaTouHble OTHOLIEHUs (HOMEp MepeAHel mecTepHu: HoMmep 3aaHeit mectepan): 1:1,1:2, 1 :
3,2:3,2:4,2:5,3:5,3:6,3:7. 'maBHOE ycnoBue Mog00HOTO pacupeneseHus — MpeaoTBpa-
HIEHUE CHUJILHOTO MEPEKOoCca LEMH U U3HOCA BCIIEICTBUE PACTSKEHUS.

Camas maneHbKas nepeansis mectepHs (Homep 1) ucnomp3yeTcst Ipu KpyThIX MOIbeMax, Mo-
€3/IKax MO BSI3KOMY T'PYHTY WIH IMECKY, T'YCTOM TpaBe, MPU CUILHOM BCTPEYHOM BETPE HA TPYH-
TOBKe. TO €cTh KOI/ia €cTh JOMOJHUTEIBHOE COMPOTHUBIIEHUE ABMKEHUIO Besocunena. Ha 3annei
KacceTe UCTIOIB3YIOTCS camble OOJbINKE 3Be3/bl ¢ HoMepamu oT 1 110 3. B mienom, mpegocraBiseT
HauOOJBIIYIO0 MOIITHOCTD MTPH JIBUKEHHH.

Cpennsisi iepeHsisi mecTepHs (HOMep 2) — OCHOBHas pabouasi mecTepeHka. Mcmonb3yercs
yaiie BCero Mnpu e3¢ 1o acanbTy, TPYHTOBBIM J10pOraMm, MPU CUIIBHOM BCTPEUYHOM BETpE, MJIOT-
HOMY II€CKY U TPYHTY, Ha HeOombImuX Topkax. [Ipu 3TOM HCONB3yIOTCS 3aIHUE 3BE3/bI C HOME-
pamu oT 3 10 5. B o0mieM, mpenocTaBisieT KOMIIPOMHUCC MOIITHOCTH U CKOPOCTH JIBHYKCHUS.

Camas Ooubiiast mepeaHsis mectepHs (HoMmep 3) UCIMONIb3YEeTCs MPH €37Ie TI0 POBHOMY IIIOCCe,
ac¢anbTy, yKaTaHHON IPYHTOBKE, KOTJIa HET CUJILHOI'O BCTPEYHOI'O BETPa, MPH CITyCKe, [ MOJ-
JEp>KaHUsl CKOPOCTH MpH HeOONbIIUX (u3nueckux Harpyskax. [Ipm 3TOM HCHONB3YIOTCS Ma-
JIEHBKHE 3aJJHUE MEeCTepHU OT 5 110 7, puc. 1.

Komnpomucc
Bonbwaa mowHoCcTb Bonbuwana ckopocTb
) MOLLHOCTU U CKOPOCTU i
I‘Iepe,anquoe OoTHOWeHne: I‘Iepep,aToLlHoe OoTHOWeHune:

MNepepaTouyHoe OTHOWEHMEe:
28/28, 28/24, 28/22 38/22, 38/20, 38/18 48/18, 48/16, 48/14
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Pucynok 1 — Ilepegaun Benocurnena
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Hcxons u3 yTBepkIeHuUs, 4yTo J1to00e MOJIBUKHOE COSTUHEHHE, Mepeaarollee yCuine, MMeeT
CBOM TEXHUYECKHE XAPAaKTEPUCTHUKH, & TAKKE, YTO OCHOBHBIM KPUTEPHUEM, ONMPEICISIONIUM H3-
MEHEHHUE CKOPOCTH, SIBISETCA NEPeJaTOYHOE YHCII0, MOKHO CJIeJIaTh BBIBOJ O TOM, YTO U3MEHE-
HUE CKOPOCTH JIBHXKEHHSI HEPA3pPbIBHO CBS3aHO C U3MEHEHUEM MEPEATOUHOIO OTHOILLICHHUS.

[lepenusis u 3aAHAS LIECTEPHS MMEIOT pPa3HOE KOJIMYECTBO 3y0OB M NPONOPIHOHATIbHBIE
muameTphl. [lepenaTouyHoe 4HCIO MOKAa3bIBaeT, CKOJIBKO OOOPOTOB COBEPIIHT BeAyIIas IETallb,
YTOOBI TPOBEPHYTH BEJOMYIO Ha MOJHBINA KPYT.

[Tepenarounoe 4wcno (WM OTHOIICHHE) BBIPAXKAETCS KaK KOJIWYECTBO 3yOhEB HA BEAYIICH
HiecTepHe, MoAeEHHOE Ha KOJIMYECTBO 3yOheB Ha BEIOMOM IIECTEPHE:

u= Zl/ZZ’

e Z, — KOJIMUECTBO 3yObeB BEIYIICH IIECTEPHU; Z, — KOJIMICCTBO 3yOhEB BEIOMOI iecTepHH [ 1].

JIBI>keHue Teal HEBO3MOXKHO 0€3 CONPUKOCHOBEHHS Tell. B maHHOM cilyyae HepBbIM TEIOM
ABJIIETCS BEJIOCUIIE, U COBEPIIAET OH JABM)KEHUE MO MIIOCKOCTHU 3eMiH. [I110CKOCTh MOXKET UMETh
pa3IMYHOE COCTOSIHUE U COCTaB, II0 KOTOPOMY BO3MOXKHO IIEPEMEILIEHUE, HO HE BCETJa PEKOMEH-
JnoBaHo. [[ist Toro, 4ToOBl BENOCHUIIEN MOT IPEOJI0JIEBATh PA3JIMYHbIE MOBEPXHOCTH, CO3/AaHO
MHOX€ECTBO ILIUH C Pa3HOOOPA3HBIM PUCYHKOM IIPOTEKTOPA.

PucyHok mpoTtekTopa Kojeca UrpaeT BaXXHYIO pOJib B OTpeAeTeHnr Ko UIMeHTa cuerie-
HUs. B cyXux ycrnoBHsIX Ha Joporax ¢ TBEpbIM MOKPHITHEM IIMHA 0e3 pUCyHKa MPOTEKTOpa UMe-
eT OOJBIIYI0 MOIIHOCTh, YeM PHUQIICHBIH WIA Yy30pYaThlii MPOTEKTOp, MOTOMY YTO HMEETCS
OosbLIast IO KOHTAKTA JJIs co3aHus cuil TpeHus. Ho muHa 6e3 pucyHka nporekropa uMe-
€T OYE€Hb HU3KUHA KOAI(PGUIUEHT CLUEIUIEHHS C IOPOTOM MpH BIIAXHBIX YCIOBUAX, BBUIY CMa304-
HOW TUIEHKH BOJbI MEXIy IPOTEKTOPOM U Aoporoul. Ilo 3Toil mpuynHe Ha IPOTEKTOP HAHOCST
KaHaJIbl, IO KOTOPBIM HJET BOJOOTBOJ M OOECreuuBaeTCs OONACTh MPSMOTO KOHTaKTa MEXITY
LIMHOU U JOPOTOM.

KoaddummenT cueruiennss Mex Iy IIMHON B JOPOTOH SBISIETCS OJHUM M3 BaXKHBIX (PaKTOPOB,
BIMSIOIMX Ha JIBMKeHus. [lo mpuumHe pa3HOOOpa3ust JOPOXKHBIX HOKPBITUI pa3inuyeH U Kod¢-
(UILHUEHT CUETICHHUS C JJOPOTOH.

Cornacao I'OCT 50597-93 nnst achanbToOETOHHOTO MOKPBITHS, MOKPHITOTO IPsi3blo, KO3(h-
(UILHUEHT CIETUICHHSI C JOPOTOM JIJIsl IMH CBEpXHU3KOTO naBienus (1o 20 bap) opueHTHpOBOYHO
cocrasisiet 0,4 [2].

DKCHEepPUMEHT TPEJICTABIISUT COO0H M3yUeHHE 3aBHCUMOCTH CKOPOCTH JIBMKCHHS BEJIOCHIIEA OT
[IEPEIaTOYHOrO OTHOILLIEHHS NIEPEAHEN IIECTEPHU U 3aJHEH KacCEThI IIPU JBM>KEHUU BBEPX B TOPY.

B xojze onbITOB ObUIM MPOU3BEAEHBI 3aMEPbl CKOPOCTHU JBHKEHUS NPU NOIBEME B FOPKY Ha
paccrosinue 100 M ipu yrie HakinoHa ropku 20 rpagycos. Cxema npeicraBiieHa Ha puc. 2.

400 M

/GFT

a=20° \ L
(0] A

Pucynok 2 — Cxema 1elCTBYIONIMX CHJI HA BEIOCUIIEANCTA IIPU TOABEME B TOPKY

Bouno npousBeneHo 9 cepuii ONBITOB HAa pa3IMYHbIE IEPEIATOUYHBIE OTHOLEHUS. Pe3ynbTaTel
OMBITOB IPUBECHBI B TaOJIHIIE.
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PGSYJ'IBTaTBI OITBbITa «3aBUCUMOCTh CKOPOCTH ABUIKCHHSA OT IEPCAATOUYHOTIO OTHOLICHUS

ITorpemiHocts CKO-
CkopocTh CpenHsis  cKO- .
IIepenaTounoe poctu Teopetuue- | CoBepiiéHHasA
cpemHss, Km/4, | Bpems, ¢ | pocth,  KM/d, o
YHUCIIO U CKOl m mpaktuue- | paborta, [Ix
3aMepeHHast TeOpeTHYUECKas ¢ o
ckoi, %
1 8,7 42,09 8,55 2 5298,3
1,16 10,8 33,37 10,79 0 8164,8
1,27 11,7 31,39 11,47 2 95823
1,72 12,3 27,38 13,15 -7 10590,3
1,9 13,7 26,75 13,46 2 131383
2,11 13,3 27,65 13,02 2 12382,3
2,66 9,8 39,43 9,13 7 6722.8
3 10,5 34,53 10,43 1 7717,5
3,42 10,3 36,32 9,91 4 7426,3

I[JI)I OIpCaACICHUA BCIIMYUHBI CUJIBI, HpPIJIO)KCHHOfI Ha MCCTCPHU, BI:I6paHO KOHCYHOC HU3MC-
HEHHE KMHETUYECKOM YHEPTUH, O-IPYyroMy, CoOBepiI¢HHas padorta [3]:

2
A= AEK — EEOHe‘{HaH _ E}I;[a‘lajleaH =(m+x—)— 0'

2

IJle CKOPOCTh HayajibHasl paBHA HYJIIO, TaK KaK OOBEKT HAYMHAJ JBU)KEHUE C MECTA.
I'padmuueckas 3aBUCUMOCTh CKOPOCTH JABMKEHHUS MPHU MOABEME OT NEPEIATOYHOTO OTHOIIE-
HUS IPEJCTaBJIEHA Ha pUC. 3.

16,0
13,7

14,0 13,3
% 11,7 12,3 CkopocTb

12,0 cpenHAa
4 10,5 ’
8 10,8 9,8 103 Km/M,
'g 10,0 8,7 3amepeHHas
S 80
S
T 60 CpeaHas
= CKOPOCTb,
g 4,0 KMm/u,
© m— —

20 _— TeopeTnyecKa

Y S —_—1 —9 = 11 2,66 3 3,42 q
0,0 1116 L27 L7127 [
0 2 4 6 8 10

MNepepatoyHoe Yncno, u

PI/IcyHOK 3 — 3aBHCUMOCTh CKOpPOCTHU ABUIKCHUS IIPU HO,E[’béMe OT IEPEAATOYHOTO OTHOLICHUA

B xoae onbITOB OBIIIO BBISICHEHO, YTO CPEAHAS CKOPOCTD MOIbEMA HMEET MAaKCUMAIIBHOE 3HA-
YEHHUE IPU NIEPEAATOYHOM OTHOLICHMH 1,9, B X01€ AATbHEHIIET0 U3MEHEHUS NIEPENaTOYHOTO OT-
HOIICHUS TOsBIseTca NpoliemMa Habopa HAa4YaIbHOM CKOPOCTH B XOJ€ MPEOJOJCHUS CHIIbI F,
SABIISFOLICHCST BEKTOPHON CYMMOM CHIIBI TSDKECTH Fy ¥ CUIIBI TPEHHS Fry.

Hcxonst n3 U3BECTHBIX KOHCTAHT, TAKUX KaK yroj MmoabéMa U JUIMHA MoJbEMa OblIa COCTaB-
JIeHa 3aJ1aya 110 ITOMCKY 3HA4YEHHMsI CUIIbI Fj.

JIrobas (pusnyeckas 3a/1aua HAUMHACTCA C IOCTPOeHUA rpaduka [4], Ha KOTOPOM CMOJEIHPO-
BaHbI BEKTOPHI JECUCTBYIOMNX CUJI. JJaHHBIN ciydail HE CTayl UCKIIOUYEHHEM U3 TIpaBUJIa, HA PUC.
2 mpencTaBiIeHbl BEKTOPHI CHII, AEHCTBYIOLIMX Ha BEJIOCHUIIEOUCTAa NpU noabeEme. Tak kak yxke
BBISICHEHO, YTO CHJIA, TAHYINAS BEJIOCUIIEJUCTA BHU3 IO CKIIOHY, F; SBJISETCS BEKTOPHOM CyMMOM
CHIIBI TSDKECTH [ 1 CUIThI TpeHus Frpy:
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F? = F? + 2,

Jlist HaxoxaeHust cuibl Fy octa€rest HaiTh 3Ha4YCHUS cui TpeHust Frp, w Tsokectn F, neid-

CTBYIOIMX HA BEJIOCUIIE]] C HAE3JHUKOM.
Cuity, ¢ KOTOpO# 3emiis NpUTATUBAET Tela, MOXKHO paccuuTarh 1o ¢popmyie [5]

F=m=xg,

rie m — macca tena (paBHas 140 kxr); g — yCKOpeHHE CBOOOHOTO TaieHus (IOCTOSTHHAS BEJIMYH-
M
Ha, paBHasd 9,8 ).
C
Ecnu ke nBHMKEHHE TPOMCXOTUT 10 HAKIOHHOW TUIOCKOCTH, TO PAacyeThl CHIIbI TPCHHS He-
CKOJIBKO YCIIOKHSIOTCS. Ha Teno, Kak u paHbliie, IEHCTBYET CHJIA TPABUTALMU U PEAKIIHS OTOPHI

IIOBEPXHOCTH, HO HE B OJTHOM HarpaBlieHHMH. TakuM oOpa3zom, (opMyJsia CUIIBI TPEHUS VIS Tela,
KOTOPOE JIBUIKETCS 110 HAKIIOHHOM MOBEPXHOCTH, OyIeT UMETh cieyromuil BU [6]:

Fyp = 1% g * OS

rae 4 — KodpQUIMEHT CHEIUICHHS; COS S — KOCHHYC yTJIa MEXKIy CHUJIOW TPEHHUS M TSKECTH (0T-
HOILIEHUE KaTeTa, IPUIIEKALLETO K YTy, K TUIIOTEHY3€ TPEYTOJbHUKA).

Hroanc cocTout B TOM, YTO HEM3BECTEH YIroj [, HO JaHHYIO MPOOIEMYy MOKHO PEIIUTh, J10-
Ka3zaB nojpobue yrmoB a v . Mcxons U3 npu3HAKOB MOAOOHS MPSIMOYTOJBHBIX TPEYTOJILHUKOB
[7] (BexTOp cuibl TskecTH F;, coBmamaroImuii 1Mo HAMpaBICHUIO ¢ BEKTOpoM AB, BekTop cuibl
tpenus Fr,, conanaronmii ¢ Bekropom OB 10 HanpasieHu10), CIEAYET, YTO YIJIbI IBYX MPAMO-

YTOJBbHBIX TPEYTOJbHUKOB PABHbI, M JUIsl TAHHOU 3aJ1a4M TOXKJECTBO f=0 — BEPHO.

B xoneunom wurore, 3HaueHue cuibl F;=1465,719659 H npencrasnser coboit ycunue, mpe-
ojnoaeBaeMoe 00bekToM Maccor 140 kr mpu moapEME B TOPY € yIiioM HaksioHa 20 TpaaycoB.

[MonBonst UTOrH, MOXKHO CPOPMHUPOBATH CIEAYIOIINE BHIBOIBI:

CKOPOCTb JIBUXKEHUS BEJIOCUIIEAA IIPU NMOABEME B ropy oA yriioM B 20 rpaaycoB MOCIEN0BA-
TEJIBHO IOBBIIIAETCS C MOBBILIEHUEM MEPEAATOYHOIO OTHOLIEHMSI, HO IIPHU JIOCTH)KEHUU MAaKCH-
MyMa ckopocTd B 13,7 km/4 nipu niepeaatouHom uucie 1,9;

cuia F; mpenocTaBiseT NpensTCTBUE B TIOCIEI0BAaTEIbHOM Habope cpeHeii CKOPOCTH MOABEMA,;

IIPY U3MEHEHUU MEePEIaTOUYHOTO OTHOIIECHHS NIECTEPHEN B CTOPOHY YBEIMYEHUSI KOJINYECTBA
000pOTOB BEJOMOTO IpHJIaraeéMasl Cuiia pacTeT, U Js JBMKEHUs amnmnapaTa B MOAbEM HEOOXO0AU-
Ma OoJblllas Ha4anbHasi CKOPOCTb.
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Application of lasers in various industries

Abstract. The article is a brief review of the literature on the use of laser radiation in various
industries. Laser technologies in science, in communication and communication, in medicine,
in production and in many other spheres of human life are considered.
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Beenenue

3a nocneaHue AecAThb JET OJHA U3 3HAYUMBIX (PU3NYECKUX AMCLUUIUINH PAJUKAIBHO U3MEHH-
J1a CBOM OOJIMK. DTH M3MEHEHHUs O0YyCIIOBJIEHBI CO3JaHHMEM Jia3epoB. Jlazepbl o4eHb OBICTPO BO-
I B Hally KU3Hb U Cpa3y K€ CTaJIM UCIOJIb30BATHCSA BO BCEX cepax AEATENbHOCTH, HaUnHAas
OT HayKH U 3aKaH4MBas KyJbTYpOH.

C KaKaBIM TO/I0M JIa3epbl COBEPILIEHCTBYIOTCS U 10padaThIBatOTCs JUIsl TOM MJIM MHOM OoTpac-
T KU3HENESITEIbHOCTH JIIOJIEH, a 3a CYET Yero CTaHOBATCS 0ojee KaueCTBEHHBIMH, (YHKIHO-
HaJIbHBIMU. VIMEHHO Tak J1a3ep cTajl OAHUM M3 MPeoOIalaloluX HHCTPYMEHTOB B TEXHOJIOTHYE-
CKHUX ITpoIeccax.

C1noBo «i1a3zep» COCTAaBICHO U3 HayalbHBIX OYKB B aHIJIMICKOM cioBocodeTanuu Light Am-
plification by Stimulated Emission of Radiation, uro B mepeBoje Ha pyCCKUM S3bIK O3HAYaeT:
YCHUJICHHE CBETa MHAYLMPOBAHHBIM UCITyCKaHUEM n3nyuyeHus. Takum oOpa3oM, B CaMOM T€PMHUHE
Ja3ep oTpakeHa (pyHIaMeHTalbHas pojb IPOLIECCOB BBIHYKIEHHOIO MCITyCKaHHsI, KOTOPYIO OHU
UTPAIOT B TEHEPATOPAX U YCUIIUTEINSAX KOT€PEHTHOT'O CBETA.

Llenb uccrnenoBaHUs: UCCIEIOBaHHUE JIa3€pOB KaK TEXHOJIOTWH, KOTOpPbIE HMCIIOJB3YIOTCS B
Pa3INYHBIX OTPACTX.

AKTyallbHOCTb JaHHOM TeMbl 00yCIIOBJICHA IIMPOKUM CHEKTPOM IIPUMEHEHHMS Ja3epa.

3agauu Mccae10BaHuUsA:

1) paccMOTpeTh HCTOPUIO U IPUHLIUI PAOOTHI JIa3€pPOB;

2) 03HAaKOMHUTHCS CO CBOICTBAaMU Jlazepa;

3) M3y4YuTHh BapUAHTHI IPUMEHEHHS JTa3€POB B PA3IUIHBIX OTPACISIX.
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HcTopus co3nanus aasepa

B 1917 r. Anp6ept DiiHIITelH chOpMUPOBAT TEOPHIO «BBIHYKICHHOTO M3ITyUCHHSD.

B 1954 r. poccuniickue yuensie H.I'. bacoB u A.M. IIpoxopoB HE3aBUCUMO OT aME€pPUKaHCKO-
ro ¢usuka Y. TayHca UCIOIB30BANU SBJICHUE BBIHYKIACHHOTO M3IYYECHUS JUISL CO3/IaHUSI MUKPO-
BOJIHOBOT'O T'€HEPATOPA, TEM CAMbIM MOIYUYHIN «Ma3epy.

BriocnenctBum OT TepMHHA «Ma3ep» W MPOU3OLIECN TEPMHH «Ia3ep» B Pe3ysbTaTe 3aMEHbI
OykBbl «M» (HavasbHasi OykBa cioBa Microwave — MHKPOBOJHOBOM) OykBoW «L» (HadanbpHas
Oyksa cioBa Light — cBer).

B 1964 r. [Ipoxopos, bacos u Taync moixyunnun HoOeneBcKyro mpeMuto 3a CBOM OTKPBITHS. B
1957 1. I'opnon 'y BBEN MOHATHE «Ia3epy U HOTApUAIbHO 3aBepii ero. C MOMEHTa CBOEro n300-
pEeTeHHUs JTa3ephl 3apPEKOMEHI0BAIH ce0s1 KaK «TOTOBbBIE PELICHUS elll€ HEM3BECTHBIX MPOOIEM.

KoncTpyknus j1azepa u ero npuHIMN padoThl

He3zaBucumo ot Buza Bce ja3epbl UMEIOT TPH IVIABHBIX 3JeMeHTa (puc. 1):

1. AxrtuBHas cpena — pa0oTaroliee BEIIECTBO, B COCTaBE KOTOPOTO BBICOKHE YPOBHH JHED-
Uy OOJIbIIE «HACETIEHBD», YeM HUXKHHUE, T.€. UMEETCS HHBEPCHS.

2. CucrtemMa HaKa4Ky — UCTOYHUK C SHEPTUeil, KOTOPBIA YBEIUYUBAET YHUCIIO 3JIEKTPOHOB HA
BEPXHHUX YPOBHSAX aTOMOB, MOJIEKYJI U T.I1.

3. OnTudeckuil pe30oHaTOp — MEXaHU3M, COCTOSALINMN U3 ABYX 3€pKaj, HEMPO3pauyHOro U IO-
JTYTIPO3pPavyHOro, PacloI0KEHHBIX MapauIeIbHO.

y
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Pucynoxk 1 — KoncTpykmus nasepa:
1 — akTUBHas cpefa; 2 — cCUCTeMa HaKauKu Pucynok 2 — Cxema 3HepreTHUeCcKuX ypoBHEH
nazepa; 3 — Hempo3pavyHoe 3epKaio; 4 — mo- TpEXypPOBHEBOTO J1a3epa
JYTIPO3pavdHOe 3€pKalio; 5 — Na3epHbIN Ty

PaccMoTpyuM Hakauky Ha TpEXypoBHEBOM Jiazepe (puc. 2). B OOBIUHBIX YCIOBHSAX aTOMBI
HAXOJATCS B HU3ILIEM SHEPreTUYECKOM COCTOSHUM. 3a CUET MOIJIOLIECHHS SHEPruH BOJHBI YaCTh
aTOMOB IIEPEXOANUT Ha 3 3HepreTudeckuil ypoeHb. Ha ypoBHe 3 y aTOMOB «BpeMsl JKU3HU» OKO-
70 10 Hc, Toce Yero OHU CaMOIPOM3BOJIBHO MEPEXOAT B COCTOSHUE 2 0€3 U3IyUYeHUs SHEPTHH.
«Bpewms xxu3Hn» Ha ypoBHe 2 cocrtaBiseT 10 mc. Co3gaercs «mepeHaceqIeHHOCTb» ITOr0 YPOBHS
BO30YK/IEHHBIMH aTOMaMHU. ATOMBI, «II€PEHACETUBIINE)» YPOBEHb 2, CAMOIPOU3BOJIBHO MEPEX0-
JIT Ha MEPBBIA YPOBEHB C U3IyYEHUEM OOJIBIIOr0 KOJIMYECTBA SHEPTUH.

JlazepHoe u3ydeHue 06Ja1aeT TAKUMU CBOUCTBAMH, KaK:

1. Bbicokasi cTeneHb MOHOXPOMAaTUYHOCTH (OJHOLIBETHOCTH) — BCE JIEKTPOMArHUTHBIE KO-
ne0aHus MOTOKA MMEIOT OJJUHAKOBYIO YAaCTOTY U JUIMHY BOJIHBI.

2. KorepeHTHOCTb — paBEHCTBO (a3 3JIEKTPOMATHUTHBIX KOJICOAHUH.

3. V3kas HanpaBJIEHHOCTh — OYEHb MaJIEHbKasl paCXOJAUMOCTh MIOTOKA U3TyUYEHHUS.

4. BpIcoKas TIOTHOCT 3Heprud W MomHoctd (1o 10° Br). IIpuMeneHune nazepos B pas-
JIMYHBIX OTPACIISX.

IIpumeHeHne J1a3epoB B pa3jiMYHBIX 0TPACIAX

MHorue u3 Ha3BaHHBIX BBIIIE OONACTEl MPUMEHEHHs Ja3epoB MpelCTaBiseT coboil camo-
CTOSITENIbHBIE U OOIIMPHBIE pa3/iesibl HAYKH WM TEXHUKHU, YTO TpeOyeT OTIAENbHOIO PaccMOTpe-
Hud. Lenp HUKenpuBEAEHHOTO 3[€Ch NEPEUHs MPUMEHEHHUH J1a3epOB MOKa3aTh OTPOMHOE BIIUS-
HUE JIa3epOB HA pa3BUTUE HAYKH, TEXHUKH, HA )KM3Hb COBPEMEHHOI'O OOIIECTBA.

81



Ilpumenenue nazepoe 6 60eHHOM Oente.

Jlazepnas nokayus.

JlazepHas joKalus 3aHUMaeTCsl OOHAPY)KEHUEM U ONpPEEICHUEM MECTOIOIOKEHHS Pa3Iny-
HBIX OOBEKTOB MpPU MOMOIIM 3JIEKTPOMArHUTHBIX BOJH, M3JIy4aeMbIX Jla3epaMH, ONTUYECKOTO
nuamnasoHa. [IpenmeTom s1azepHoO JIOKalMM MOKET CTaTh Pa3IuyHble OOBEKTHI, TAKHE KaK TAHKH,
KOpalJu, pakeThl, CITy THUKH, TPOMBILIUICHHBIE 1 BOOPY>KEHHBIE COOpYKeHHs U T.A4. B ocHOBe na-
3€pHOH JIOKALMU JIeXKAT TPU OCHOBHBIX CBOMCTBA 3JIEKTPOMArHUTHBIX BOJIH: COCOOHOCTBH OTpa-
KaTbCs OT OOBEKTOB; CHOCOOHOCTH PACIPOCTPAHATHCA MPSMOJIMHEHHO; CIIOCOOHOCTH pacmpo-
CTPAHATHCA C IOCTOSIHHON CKOPOCTBIO.

Jlazepnuiti npuyenn.

B BoeHHOM Jere na3ep UCIOob3yeTcs B BUAE 00JeruyeHus NPULEIUBaHNs C TIOMOIIbIO KaKO-
ro-HuOy s opyxus. K npumepy, nasepHblil mpuiien 0ObIYHO paboTaeT B BUIAMMOM JHMAIA30HE U
HaIpaBJIeH MapajuieibHO CTBONY. braromaps CBONCTBY Majloll pacXOJUMOCTH JIa3€pPHOTO Jyda
MPHIIET TaeT MaJICHbKOE, Y€TKOEe MATHBIIIKO. YeToBeK HAaBOJMUT Jia3ep Ha Iellb, Ha Hel oToOpa-
’KAETCs MATHBIIIKO U TAKUM 00pa3oM BUAMT, KyJla HAIIPABJIEH €ro CTBOJI U Ky/ia IOJIETUT CHaps/.

Cuctembl 0OHapYXEeHHS CHAMIEPOB U MTOCTaHOBKA MPOOJIEM.

PaboTa Takux cuCTEM OCHOBBIBAETCS HAa TOM, YTO JIyY, IPOXOAs yepe3 JHMH3bI, OyneT oTpa-
JKAThCS OT KAKOTO-THOO CBETOUYBCTBUTEIHLHOTO OOBEKTa (OMTHUYECKHE MPEoOpa3oBaTeN, CET-
yaTka Iyasza u T.71.). IIpeuMyIiecTBOM JaHHBIX CHCTEM SBIISETCS OOHApPYXKEHHE CHAWIEpOB 10
BbICTpena, a He nocie. C Apyroi CTOPOHBI, 3TH CUCTEMBI IEMACKUPYIOT ce0sl, TaK KaK SIBISIOTCS
U3IIy4aTeIsIMH.

Jlazepnoe cmpenkosoe opydicue, nasepHoe HageoeHue u 0aIbHOMEPbL.

JlazepHOe OpykHe — 3TO BHJ HACTyNATEIBHOIO BOOPYKEHUS, KOTOPOE B Ka4eCTBE MOpaXa-
IOIIETO AJIEMEHTa HCIOJb3YyeT JIa3epHbId Jiyd. Takoe opyxkue cnocoOHO YHHUYTOXKHTH IMEXOTY,
TaHK U JaKe CaMOJIeT.

Jlpyroe BOGHHOE NPUMEHEHHE JIa3€POB — OPYKEIHBIE CUCTEMBI HaBEIECHUA. TaKue CUCTEMBI
MPEICTaBISAIOT co00 a3ep HEOONMBIION MOIIHOCTH, «IOJICBEYMBAIOLIUI 1IeNb sl Ooenpura-
COB C JIa3ePHBIM HaBEJICHUEM — «YMHBIX» O0MO MJIH pakeT, 3aIlyCKaeMbIX C CaMOJIETa.

JlazepHblil JabHOMEP — YCTPOMCTBO, COCTOAIIEE U3 UMITYJILCHOTO JIa3epa U AETEKTOpa U3Iy-
yeHus. M3mMepuB BpeMs, 3a KOTOpPOE JIyd MPEOI0JIEBACT MyTh J0 OTpaXkaTeds U 0OpaTHO U 3Has
3HaYEHUE CKOPOCTH CBETA, MOXXKHO PACCUMUTATh PACCTOSHHUE MEXIY JIa3€pOM U OTPAKAIOLIUM
00BEKTOM.

Ilpumenenue nazepoe 6 HayuHou ompaciu.

Usmepenue paccmosinus 0o Jlynoi.

Ha noBepxHocTb JIyHbI OBbIIIM JOCTaBIEHBI CHIEIIMANIbHBIE YTOJIKOBBIE OTPAXKaTENH, I U3Me-
PEHMS PACCTOSIHUSI MEXKIY IBYMs TOYKAMM Ha MOBEpXHOCTH 3eMiu u Jlynsl. C 3emum npu no-
MOIITM TEJIECKOTIa TIOChIIANN CIIEIHATFHO COKYCHPOBAHHBIN JIA3EPHBIN Jy4 U U3MEPSUIA BpeMs,
KOTOPOE OH 3aTpayMBaeT Ha MyTh JI0 JIYHHOM MOBEPXHOCTH M 00paTHO. OCHOBBIBAsCH HA 3Haue-
HUU CKOPOCTH CBETA, CTAJI0 BO3MOXHBIM PACCUUTATH paccTosiHUE /10 JIyHBbI.

Domoxumusi.

HekoTopseie nazepsl MOTYT CO3/1aBaTh CBEPXKOPOTKHE CBETOBBIE MMITYJIbChHI, KOTOPbIE H3Me-
pAIOTCS B HKO- U (eMTOoceKyHaaX. JlaHHble UMIYJIbChl IPUMEHSIOTCS JUIs 3allyCKa U aHaJn3a
XUMHUYECKHX peakuui. J[ns u3ydeHus! peakiuil ¢ BBICOKOM pa3pellarouieil CiocOOHOCTBIO IO
BPEMEHM HCIOJb3YIOTCS CBEPXKOPOTKHE MMITYJIBCHI, TAK)KE OHHU IO3BOJIAIOT JOCTOBEPHO BBIJIE-
JATh KOPOTKOXKMBYIIME COCIMHEHHs. YIPABICHUE INMOISAPU3ALNEH HMITYJbCa JAET CEIEKTUBHO
BbIOMPATh HANIPaBJIEHHE XUMUYECKON peaKku U3 BO3MOKHBIX.

Jlaszepnoe namacnuuusanue.

Jlist cBepXOBICTPOro yNpaBJIeHUs] MAaTHUTHBIM COCTOSIHUEM CpeJibl UCIIONIb3YIOT CBEPXKOPOT-
KHE JIa3ephl, KOTOPbIE ABJIAIOTCS B HAIE BpeMs NMPEAMETOM YacThIX MCCIIECIOBAHUNA. YKE OTKpbI-
TO MHO>KECTBO OINTHKO-MarHUTHBIX SIBIICHUH, HaIpUMep, TaKue, KaKk CBEpXOBICTPOE pa3MarHU4M-
BaHue 3a 200 ¢eMTOCEeKyH[, TEIUIOBOE MEepEMarHnYMBaHUE CBETOM M HETEIUIOBOE ONTHYECKOE
YIPaBJIEHNE HAMATHUYEHHOCTBIO C IIOMOILBIO NOJISIPU3ALUN CBETA.
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Jlasepnoe oxnascoenue.

OTOT METOJ OCHOBAH Ha TOM, YTO BO30Y’KJaeTCsl aTOM HE C OCHOBHOT'O 3JIEKTPOHHOTO COCTO-
SIHUSA, a ¢ KoJIeOaTeNbHBIX YPOBHEH 3TOr0 COCTOSIHUA Ha KoJjeOaTelbHble YPOBHHU BO30YXKAEHHOTO
cocrosiHus. [lanee aTom Ge3bI3ydaTenbHBIM 00pa30M MEPEXOAUT HA BO30YX AEHHBIN YPOBEHb U
ucIyckaeT (OTOH MpH Mepexoje ¢ BO30YKIEHHOTO 3JIEKTPOHHOTO YPOBHS Ha OCHOBHOU. ATOM
norjouiaeT (OHOH M LUKI MOBTOPSIETCS. YK€ CYILIECTBYIOT CUCTEMBI, CIIOCOOHBIE OXJIaKIaTh
KPUCTAJIJI OT @30THBIX JI0 EJINEBBIX TEMIEPATYP.

OnTuyueckuii (1a3epHbIil) MUHLIET.

OnTHyeckuil MUHLET — IPUOOpP, KOTOPHIN MO3BOJIIET MAHUITYJIMPOBATh MUKPOCKOMMYECKUMU
00BEKTaMU C TIOMOIIBIO JIA3EPHOTO0 CBETA (0OBIYHO MCITYCKAEMOTO JIA3€PHBIM TUOOM).

Ilpumenenue nazepoe 6 meounune.

Kocmemonoezus.

OCHOBHOH NPUHIUI MPUMEHEHUS JIa3€pOB B KOCMETOJIOTUHU 3aKJII0YAETCS B TOM, YTO CBET
BO3/ICHICTBYET TOJIBKO Ha TOT OOBEKT MJIM BEILECTBO, KOTOPOE IMOTJIOLIAEeT ero. B koxe cBeT mno-
TJI0IIaeTCs 0COOBIMH BelecTBaMu — XpoModopamu. Kaxprii Xxpomodop Moriomaer B onpese-
JIEHHOM JMana3oHe JUIMH BOJH, HAIPUMED, I OPAHKEBOT'O M 3€JEHOI0 CHEKTPOB — ATO I'EMO-
rJI00MH KPOBH, JUIsI KPACHOTO CIEKTPa — MEJaHWH BOJIOC, a JUIsi HMHPPAKPACHOTO CHEKTpa — Kile-
TOYHAas BOJA.

I'myOuHa MpOHMKHOBEHUS JIA3EPHOTO U3IyUEHHSI 3aBUCUT OT JUTMHBI BOJIHBI Ja3epa.

[lepBbie na3epshl, UCTIOIB3yEMBbIE JUIS ONEepaluii KOXKH, ObUIN JIa3ephl ¢ HENPEPHIBHBIM U3ITY-
YeHHEM, TaKHe KaK JIa3ep Ha AMOKCHJE yIiepoaa U aproHoBbIH jasep. Jlazepbl B MeIULIMHE 103~
BOJIMJIM OCYILECTBJIATh NMPEUU3NOHHO TOYHOE JIOKaJIbHOE Bo3neicTBue. [Ipum 3TOM OKaszanock
BO3MOYKHBIM IPOBOAMTS JICYCHHE PyOLIOB ¢ MUHMMAJIBHBIM ITOBPEXKICHUEM 3/I0POBBIX TKAHEH.

Jlazepnas xupypeusi.

Crioco6 npoBeeHus] XUPYPruuecKUX OINepaluil, 3aKI0YaoNINica B yIaICHIUH WIN TPHKHU-
raHUM HEOONBUINX YYaCTKOB TKAaHEH C MUHUMAJbHBIM MOBPEKICHHEM OKPY>KAIOIIUX TKaHEH.
JlazepHas xupyprusi NpuUMEHsIETCS I KOPPEKUUs 3pEHHUs, YCTPAHEHMs 3aKyIOPKU apTepuid,
yAaneHus HEKOTOPBIX BHUJIOB MTUTMEHTUPOBAHHBIX 00pa30BaHHI Ha KOXke, CTOMATOJOTHH U yla-
JICHUH OMyXOJiel, 0COOEHHO IIHOM Pa3NIUuYHON ITHOIOTHH.

Hampumep, aproHoBslii 1a3ep UCHONB3YETCS IS JIeUeHHsl 3a00JIeBaHUN CETUYATKH, YTIEKHUC-
JOTHBIM Jlazep — JUIs JICUEHUs LIepBUKAJIbHOW HHTpasnuTenuanbHod Heortasuu, a Nd:YAG-
Jazep — IS yIaJeHus CI0sl SHIOMETPUS MaTKHU.

Cmomamonoeus.

Jlazep UCTIONB3YIOT ISl KI3MEHEHHsI KOHTYpa KOCTH BOKPYT 3yOOB U YETIOCTEH, a TakKe OH
MMEET MOIMYJISIPHOCTh B IMATHOCTUYECKUX MPOLEAYypax CTOMATOJOTHH. /[marHocThueckue nasze-
PBI € J1a3epHOil QuryopecteHIe oueHb 3G HEKTUBHBI TPU TUATHOCTHKE ABIP U TPELIUH, KOTOPbIE
HEBO3MOKHO UCCIJIEI0BATH IPU MOMOIIN TPAJAULIMOHHBIX HHCTPYMEHTOB.

Ilpumenenue nazepoe 6 KOMnbIOMEPHHIX MEXHOTIOUAX .

Xpanenue ungopmayuu Ha ONMUYECKUX HOCUMEJISX.

CobupaTenbHoe Ha3BaHUE ISl HOCUTENEH HHPOPMAIINH, BHIIOJIHEHHBIX B BUJIE IUCKOB, YTe-
HUE C KOTOPBIX BENETCS C MOMOIIBIO ONTHYECKOro (JIa3epHOro) u3iydeHus. [ cuuThIBaHUS
nH($OpPMaLIMU UCIIOJIb3YEeTCsl OOBIYHO JTyY J1a3epa, KOTOPbIM HampaBiseTcsl Ha CHEUAIbHbIN CION
U OTpaxkaeTcsi oT Hero. [Ipu oTpakeHHH ayd MOIYIUPYETCsS MENbYAWIINMH BEIEMKAMH — «IIATa-
MI» Ha CHEUAIBHOM CJIO€, HA OCHOBAaHUU JACKOAUPOBAHUS 3TUX U3MEHEHHUI YCTPOMCTBOM UTe-
HUSl BOCCTaHABIIMBAETCS 3allMCaHHasi Ha JUCK MHpOpMaIusl.

Buviuucnumenvnas mexuuka.

[IpyHUIMNMATBPHO JOCTUTHYThIE Majble BPEMEHA MEPEKIIIOUEHUs AENAl0T BO3MOXKHBIM IpH-
MEHEHHE JIa3epOB U KOMOMHALIUK C Jla3epamH, BKJIOYash MHTETPALMIO B MUKPOAJIEKTPOHHBIX Ie-
PEKITI0YATEIbHBIX CXeMax (ONTO3JIEKTPOHUKA). B 3THX LesX paccMaTpuBarOTCsA UCKIIFOUUTEIBHO
MH)XEKIIMOHHbIE Ja3epbl. [IpenmyinecTBa TaKUX AJIEMEHTOB: Majlble BpEMEHa MEPEKIIOUEHUs U
CUMTHIBAHUS, OUEHb MAJICHbKUE PA3MEPBI AIIEMEHTOB, HHTETPALIUSA ONTUUYECKUX U IEKTPUUECKUX
CUCTEM.
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Jlazepnvuii npunmep.

Jlnist meyaty B BBIYMCIUTENBHON TEXHUKE U B IPYTHX CIIydasX 4acTO MPUMEHSETCS JIa3epHoe
u3nydeHue. [IpeumyniectBo ux B 0osiee BEICOKOM CKOPOCTH MEYaTH 10 CPABHEHUIO ¢ OOBIYHBIMU
croco0amu nedataHus. [IpuHIUI 1EHCTBUA UX TaKOW: MOCTYHAIOIIUN OT CYMTHIBAEMOTO OPUTHU-
Haja cBeT npeodpaszyercs B DOV B AIEKTPUUECKUE CUTHANIBI, KOTOPHIE COOTBETCTBYIOITUM 00pa-
30M 00pa0aTHIBAIOTCS B AJIEKTPOHHOM YCTPOMCTBE BMECTE C YIPABISAIONIMMU CUTHAJIAMH U CITy-
KaT JJI MOJYJISILMHU J1a3epHOro u3nydeHus. C moMouibio 3alMChIBAIONIEH TOJOBKU SKCIIOHUPY-
€TCsl paclojOXKEHHasl Ha BaJIMKe IUIEHKA. [Ipu 3TOM 5a3epHOe M3IydyeHue paslensieTcs Ha psf
PaBHBIX 110 MHTEHCUBHOCTH YAaCTUYHBIX JIy4Yeil, KOTOpble OCPEICTBOM MOAYJIALUYU MIPU AAHHBIX
YCIIOBUSX MOAKIIOYAIOTCS WU OTKIOYAKOTCS.

Ilpumenenue nazepoe ¢ nPOMvIULIEHHOCIU.

Jlazepuas mepmoobpabomka.

JlazepHas oOpaboTka MaTepuajoB, B TOM YUCJIE U TEPMOOOpaOOTKa, OCHOBAaHA HA WCIIOJIb30-
BaHUHM JIa3€pHOTI0 M3JIyYEHUs, KOTOPOE MO3BOJSET CO3/1aBaTh HA OYE€Hb HEOOJBIIOM yYacTKe MO-
BEPXHOCTH BBICOKHE IUIOTHOCTH TEILUIOBOTO MOJIsl, HEOOXOAUMBIE Il HNHTEHCUBHOT'O HarpeBa Wiu
pacmuiasieHus. I1o cBoelt cyTu, nasepsl — 3TO TeHeparopsl cBera. IIpu ux Bo3AeiCTBUU HA I0O-
BEPXHOCTh 00pabaThIBa€MbIX CIUIABOB YaCTh OTOKA JA3€pHOr0 U3IYUYEHUs OTPAKAETCs OT Hee, a
OCTaJbHAs 4acTh MPOHUKAET Ha Maiylo N1yOuHy. KonndecTBo OTpaKeHHOTO U3Iy4YEeHUS 3aBUCUT
OT NPHUPOJIbl MaTEpUaa U NMpeIBapUTEIbHON MOATOTOBKU OBEPXHOCTU. OCHOBHBIE BU/IBI JIa3ep-
HOU 00pabOTKM MOXXKHO PAcCIIOJIOKUTh B CIEAYIOLIEH MOCIeI0BaTEIbHOCTH, B 3aBHCUMOCTH OT
KOJINYECTBA NepeJaBaeMOil SHEPIUU: TOBEPXHOCTHAsE TEPMOOOPaOOTKa, J1a3epHas CBapKa, J1a3zep-
Hast pe3ka. D(P(HEeKTUBHOCTH TOTO WJIM MHOTO BUJAA JIa3epHOH 0OpabOTKHM B MEPBYIO OYEpenb
OIpeIeNsIeTCs INIOTHOCTBIO MOLUTHOCTH J1a3€pHOTO U3Ty4YEHUsI.

Jlasepuas 3axanka.

JlazepHyto 3akanky o0bdHO AenaroT mpu 10°-10* Br/em?. TIpu 3ToM caM Tporiece 3aKajiku
IPOMCXOIUT 3a CYET MHTEHCUBHOTO OTBOJIA TeIjla BrIyOb MeTaia — mpolecc camo3akanku. [lpu
Ja3epHOM 3aKajKe OOBIYHO UCHOJB3YIOT JIa3ephl HEMPEPHIBHOTO JIEHCTBUS, OHU MO3BOJISIFOT MIPO-
M3BOJUTHL 00paboTKy co ckopocThio 10°—10% Mm/mun. ITocne 06paboTKM Ha TOBEPXHOCTH CILJIaBa
MOJTyJaeTcsl 3akajieHHas mosioca. [Ipu 3akanmke OOJNBIINX IDIOMAACH MOBEPXHOCTEH CILIAaBOB 3a-
KaJKy MPOU3BOJAT MOJIOCAMM, IPU 3TOM PEKOMEHAYETCs JeflaThb HEOOJIbIINE OTCTYINbI MEXIY
STUMH T0JIOCAMU JJ1s1 IPEJOTBPAIICHUS MTOSIBICHUS MATKUX.

Jlazepnas ceapka.

JlazepHas cBapka B HACTOSIIIEEe BPeMs SBISICTCS HAMOOJIee MePCIIEKTUBHONM TEXHOIOTUEH st
IPOMBIIIJICHHOTO HMCIIOJIb30BaHMs B CBSI3U C pa3pabOTKOIl MOIIHBIX JIa3epOB C HEMPEPHIBHBIM U
UMITYJIbCHO-TIEPHUOUYECKUM JeiicTBreM. CBapHOE COEAMHEHME MOJIY4YaeTcsl IpU HarpeBaHUU U
pacIijiaBlIieHHH JIa3epHBIM JIy4OM Y4YacTKOB B MECTe€ KOHTaKTa cBapHBaeMbIX Jetaneil. Korga na-
3€pHBIN JTyY CMEILAETCs, TO )K€ CaMO€ IMPOUCXOIUT U C 30HOM pacIuiaBIEHHOT0 MaTepuana. 3aTeM
IpU OCThIBaHMU 0Opa3yercsi cBapHOii moB. [1o ¢popme oH nmomaydaercs y3KuM U Ii1yOOKUM, TPUH-
LIUIHAIBHO OTIMYAETCS OT CBApHBIX IIBOB, MOJYYEHHBIX MPH HCHOJIb30BAaHUU TPATULUOHHON
TEXHOJIOTUM cBapKu. ['yOuHa MpoIutaBaeHus 3aBUCUT OT MOIIHOCTH Jia3epa, a MOMEepeyHoe ce-
YEHHE JIA3EpHOT0 IBa MTOX0XKE Ha JIE3BUE KUHXKANa, I03TOMY IITyOOKOE JIa3epHOE IPOIUIaBICHUE
MHOT'/Ia Ha3bIBAIOT KUH)KAJIbHBIM.

Jlazepnas peska.

JlazepHas pe3ka — c(pOKyCHpPOBAHHBIN JIa3epHBIM JTyd 00eCreyuBaeT BBICOKYIO KOHIIEHTpa-
LIUIO PHEPTUH U MO3BOJISIET pa3pe3aTh NPAKTUUYECKH JIF0OObIE MaTepHalibl HE3aBUCUMO OT UX Tell-
Jg0(pu3nYecKux cBOUCTB. IIpu 3TOM MOXKHO MOJIYUYUTh Y3KHE Pe3bl C MUHUMAJIbHOM 30HOM TepMu-
yecKoro BiMAHHUA. JlazepHas pe3ka OTIMYaeTcs OTCYTCTBUEM MEXaHWYECKOrO BO3JEHCTBUS Ha
oOpabaTbIBaeMblil MaTepuai, BOZHUKAIOT MUHUMaJbHbIE 1ehopMallMi KaK BpeMEHHbIE B Ipoliec-
C€ PEe3KH, TaK U OCTATOYHBIE ITOCJIE ITOJIHOTO OCThIBAHUSI.

Jlasepuas mapkupoexa u epasuposxa.

B Hacrosiiee Bpems na3epHasi MApKUpPOBKAa M TPaBUPOBKA MPUMEHSIIOTCS MPAKTUYECKU BO
BCEX OTpAcisAX MPOMBIIUICHHOTO NMPOU3BOACTBA AJIS MIEHTU(PUKALMOHHOTO U 3aIllIUTHOTO KOJHU-
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POBaHMSI IPOMBILIIEHHBIX 00pa3I0B, HAHECEHUSI HaUCeil Ha MPUOOpHbIE MaHeNIH, U3MEPUTEIb-
HBI MHCTPYMEHT, KJIaBUATYpHBIE MOJISA, H3TOTOBJICHUE Ta0JIMYEK U IIWIHI0B U BO MHOTHX JIpYy-
rux. JlOCTOMHCTBA rpaBUPOBKH U MAPKUPOBKH JIA3€PHBIM H3JIyYEHHUEM: MUHUATIOPHOCTh HAHO-
CUMOH MH(OpPMaIH; OTCYTCTBHE MEXaHHUECKOTO BO3JCHCTBUS HA W3JENINE; BBICOKAsh TOUHOCTh
Y Ka4eCTBO HAHECEHHUS 3HAKOB, YTO FapaHTUPYET HAAEKHOCTh U CTAOMIBHOCTh MX CUMTHIBAHMS,
BBICOKAsI IPOU3BOIUTEIBHOCTD; BO3MOKHOCTbD ITOJIHOM aBTOMAaTU3ALINH.

3akiiloueHue

Y3HaB UCTOPHIO, CBOWCTBA U PACCMOTPEB 00JIACTH UCIIOIB30BAHUS JTA3€POB, MOKHO CKa3aTh,
YTO YeJIOBEYECTBY HEOOXOIMMO 3HATh O BOCXUTUTEIBHOM MPHOOpE — Ja3epe, KOTOPbIi mpeodpa-
3yeT MUD K JIyYIIEMY.

B xone xpymHBIX MccIeAoBaHUN B 001aCTH KBAHTOBOM AJIEKTPOHHUKHU OBLIM CO3/IaHbI Pa3HO-
o0pa3HbIe Jla3ephl, a TaKKe MPUOOPHI, KOTOPhIE OCHOBHIBAJIUCH HA WX UCIOJIb30BaHWU. Ha maH-
HBIi MOMEHT Jia3epbl MPUMEHSIOTCS MPAKTUYECKH BE3/Ie M MMEIOT OTPOMHBIE MEPCIEeKTUBH. B
HAYyKC, B JIOKAIMAX U CBA3U, B MCIUIWHE, HA IPOU3BOJACTBEC U B MHOTHUX JAPYTHUX CCI)ean KU3HC-
JESTEILHOCTH JIOJICH.

bnaronapst cozmanuio J1azepa MpoM30IUIa PEBOJIONMS B ONTHUKE U JAPYTUX O00JACTAX HAYKH,
MOSIBUJIMCHh UCTOYHUKH YTPABISIEMOT0 MHTEHCUBHOTO KOT€PEHTHOTO M3IY4YEHHS, TIO3BOJISIONINE
CKOHICHTPHUPOBATH BBICOKYIO SHCPTHIO B OYCHDb MAJIBIX CIICKTPAJIBHBIX, BDEMCHHBIX W IIPOCTpPAaH-
CTBEHHBIX JMAaNa3oHax.

JlazepHbIe TEXHOJIOTHYECKHE YCTpPOWCTBa 3a mocieanue 40 JeT cTaiu 3JeMeHTapHee B 00-
CITy’KUBaHUHM, MOOHMIIbHEE M JEIIEBIE, BCE 3TO MPOU3OILIO M3-32 AKTUBHOTO PA3BUTHUSA Ja3epPHOMN
MPOMBIIIJICHHOCTH. MI/Ipy npeacTaBuiin ‘IGTBépTOC IIOKOJICHHUEC JIa3€PHBIX HMCTOYHUKOB II10[]
Ha3BaHME BOJIOKOHHBIE JIa3€Phl, KOTOPHIE HA TOJIOBY OMEPEkKAIOT MPEABIAYIIUE MO TEXHOJIOTHYe-
CKHM Ka4eCTBaM.
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Electric power equipment in production

Abstract. The paper considers the power equipment of various enterprises. The analysis of
various power plants in terms of performance, design features, reliability and price is made.

Keywords: electricity, equipment, power plant, power supply.

B coBpeMeHHOM MHpe 3JEKTpOIHEpreTHUecKoe 000pyAOBaHNUE HUCIIONB3YETCS B Pa3IUYHBIX
chepax MPOMBIIIIICHHOCTH, o0ecrieunBas ee 3 (HEeKTHBHYIO 3KCIUTyaTauo. B 3ToM 3akimtouaeTcs
HMHTEPEC K Pa3BUTHUIO AJIEKTPOIHEPTETUKH.

DIIeKTPOIHEPTreTUYECKOe 000PYI0BAaHUE — 3TO OCHOBA HAACKHOCTU dHEprocHadxkeHus. Jls
s dekTuBHONH paboOThl BCEX YCTAHOBOK PEKOMEHIYETCS HUCIOIb30BaTh TOJBKO BBICOKOKaue-
CTBEHHBIC U3JICTHSI.

B gacTtHOCTH, BEICOKOBOJIBTHOE 000PYAOBaHKE JOIKHO OBITH 0€30MacHBIM B HCIIOIH30BAHUH
B paliOHAaX C pa3UYHBIMH KIUMATHUYECKHUMH YCIOBHSIMH. BBICOKOBOJIBTHOE O0OpYIOBaHUE
JOJI’KHO OBITH 0€30MacHBIM HE TOJBKO MPH SKCIUTyaTallid, HO M MPU MOHTaXe, MepeBO3Ke, Xpa-
HEHUU W JIPYTUX Omepalusix. BICOKOBOIBLTHOE 000PYIOBAHKE IMUPOKO MCTIOIB3YETCS B TPOU3-
BOJICTBE ISl MPeoOpa3oBaHusl MapaMeTPOB NEKTPUIECKOTO TOKA, PABHOMEPHOTO pacIipeieIeHus
AIIEKTPO3HEPIrUU noTpedutensaM. [Ipu npaBuIbHON SKCITyaTalluyd W3JEIUM MCKIIIOYAeTCsl BO3-
MO>KHOCTb BBIXO/Ia U3 CTPOS OTEIbHBIX AeTaneit [1].

JIist QyHKIIMOHUPOBAHUS IMTPOMBIIIITICHHOTO 000PYI0BaHMSI HEOOXOUMEI: TOILTUBO, BOJIA, Ta3
U 3JIeKTpuyecKas sHeprusi. HexoTtopelie arperatsl HCMONB3YIOT BCE UCTOYHUKU. Takoe 00opyaoBa-
HUE MPECTABIICHO OOMUPHBIM MIEPEUHEM TOTYTPOMBIIIUICHHBIX U HHTYCTPUATBHBIX YCTAHOBOK.

[Tpu moaGope anmapaToB Ba)KHO MPUHUMATh BO BHUMaHUE cepy ux ucmnoib3zoBaHus. [lomy-
poQeCCHOHANIBHOE CTIEI000pYA0BaHUE TTOAXOAUT I MUTAHUSI HEOOJIBIIUX TOPTOBBIX IIEHTPOB,
MaNaToK, YaCTHBIX 3/IaHUHN U 3aTOPOJHBIX JOMOB. AMNMapaThl JaHHOTO BUIA, BO3MOKHO, UCTIOJb-
30BaTh HEMPEPHIBHO Ha MPOTSKCHUH HECKOJIBKHUX 4acoB. J[BHraTepb ammapaTa MOXKeET ObITh OCH-
3MHOBBIM. ['€HepaTopsl HHIYCTPUATHLHOTO HA3HAYEHHS YacTO paboTaIOT Ha JU3EIbHBIX JBUTATE-
nsix. VIX mpuMeHeHue JoMmyCcKaeTcsl Ha MPOTSHKEHUU MTPOI0JDKUTEIBHOTO TTEPHO0ia BPEMEHH.
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CpaBHMBas OEH3UHOBBIE U JU3EJIbHBIE NEKTPOCTAHIIMN, MOXKHO C/EIaTh BBIBOJ, UTO NE€PBbIE
paznuyaroTcs 6osee HU3KOM 1IeHOM, a Ipyrue ynoTpeOisiioT MeHbIe ropioyero. Jlu3enpHble KOH-
CTPYKIIMM MEXaHWYECKH Ooyiee yCTOWYMBBI, YeM OCH3MHOBBIE, HO OHHU JIOBOJBHO TIPOMO3JKHE.
OtpaBaTh NPEeANOUYTEHUE AU3EIBHBIM JIBUTATEISAM HY)KHO IIPHU MPOAOJIKUTEIBHOM ITOCTOSHHOM
HEPTro0OECIICUCHNH.

Taxoe 00opyoBaHKE MPEIHAZHAYCHO JJIsi OCTOSHHOM BBIPAOOTKHU AJIEKTPUUYECKON SHEPIHUH,
napa ¥ ropsiaei Bojibl, a TaKkXkKe peoOpa3oBaHUs TEINIOBOM SHEPTUU NP CKUTAHUU ToIuMBa. Ta-
KM€ aInapaThbl OTIIMYAIOTCs BBICOKOW ITPOU3BOJUTENIBHOCTBIO M HAIEXHOCTHI0. K HUM OTHOCSATCS:
ra30MOpIIHEBbIE JEKTPOCTAHIIMHY, KOMOMHUPOBAHHBIE AIEKTPOCTAHLIUHU, TPAHCPOPMATOPHI, COJI-
HEYHBIE U BETPSHBIE AIEKTPOCTAHILINH.

JlanHoe 00opy1I0BaHNE NMPUMEHSAETCS IIPU BBIPAOOTKE IEKTPOIHEPTUU U TeIlIa, a TAKKe Ha
Pa3IMYHBIX MPEINPUATHSIX Ul BBITYCKAa BCEBO3MOXKHOM NpOoAYKUMH. biarogaps coBpeMEHHBIM
MHHOBAI[MOHHBIM TEXHOJOTHSAM 000pYyIOBaHHE HE TOJBKO MOAECPHU3MPYETCS, HO U MOSIBIISIOTCS
HOBBIE YCTPOWCTBA U alIapaThl, KOTOpbIE paboTalOT MO COBEPIIEHHO HOBOMY NpUHIHITY [2].

B pesynbraTte peanuszanuu OCHOBHBIX MEPONPUATHH, CBSI3aHHBIX C Pe(OPMUPOBAHUEM DIICK-
TPOIHEPTreTUUECKON OTPACIH, CTPYKTYpa DJIEKTPOIHEPIrEeTUKU SIBJISETCA JTOCTATOYHO CIIOMXHOM.
Otpacip COCTOUT M3 HECKOJIBKUX I'PYII KOMIAHUM M OpraHU3alvii, KaXaas U3 KOTOPBIX BBIIOJI-
HSIET ONpeeNEHHYI0 OTBEAEHHYIO el OTAeNbHYI0 QyHKIHIO [3].

HccnenoBaHue ppIHKA JIEKTPOTEXHUYECKON MPOAYKIMH IO IPOU3BOACTBY JJIEKTPOJBHIraTE-
JIeii, TeHepaTopoB, TPAHC(POPMATOPOB, PACTIPEACTUTEIBHBIX YCTPOUCTB U KaOEIbHOW MPOIYKIUN
MOKa3aJo, 4YTo Ha HUX npuxoautcs 78 %. [Tpu atom 35 % maHHBIX W3AETUN TOTPEOISETCS B TOII-
JMBHO-3HEPTreTUYECKOM KOMIUIEKCE, CTPOUTEIBCTBE U CEIBCKOM XO3siicTBe. JTO Hamboiee
YCTOMYMBBIEC OTPACIH B IEPUOJ KPU3HUCA, HA NIPEANIPUATHS KOTOPBIX BBEICHHBIC OTPAaHUYCHHUS 110
CaMOU30JISILIMU HE PACIPOCTPAHSIINCH, TIO3TOMY 3JIEKTPOTEXHUUYECKAs! MPOIYKIHS B ATUX CEIMEH-
Tax norpebaeHus OyaeT BoctpeboBana Beeraa [4]. JomoaHUTETbHBIM CTUMYJIOM TaKk)Ke OyAeT BbI-
CTyIaTh POCT MOTPEOICHHS NEKTPOIHEPTUU U NTEPEXO]] HA FIHEProcOeperaroIme TeXHOIOTUH.

Enunas sHeprernueckas cucrtema Poccun sABisieTcss Ha JaHHBIM MOMEHT KPYITHEWIINM IIEH-
TPAJM30BAHHO YIPABISEMbIM O00bEIMHEHUEM, HE UMEIOIUM aHaJOroB B MUpPE. DJIEKTPUUECKUE
CETH OXBATBIBAIOT OIPOMHYIO TEPPUTOPHIO CTPAHbI — ILIECTh YAaCOBBIX MOSICOB C BOCTOKA Ha 3ara.

[To coOwiTusiM, npousommenmum B HosiOpe 2020 r. B IIpumopckoM Kpae, U B 4aCTHOCTH, BO
BnaauBocToke, MOXHO MOHSTH, YTO COCTOSTHUE 3JIEKTPOIHEPTreTHUECKOro 000pyAOBaHUS HE CO-
oTBeTCTBYeT HopMaM. Ilo Bcemy ropoay u mpuropoy HabI0Aan0Cck OTPOMHOE KOJIMYECTBO 000-
PBaHHBIX JIMHUI 3JIeKTporepeaay, Takke Obliu moBasieHbl onopsl JIDIL. DTo mpuseno x tomy,
YTO 4acTh ropojia Oblja MOJHOCThIO 00ECTOYEeHa, ocTajach 0e3 BOAbI W oTorvieHus. [lyis Toro
9TOOBI BO30OHOBUTH AJIEKTPOCHAOKEHHE, TOTPEOOBAIOCH TIOAKIIOUEHHUE JTOTIOTHUTEIBHBIX AJIEK-
TPOCTAHLUH, a TaKKe ObUIM JOCTABICHBI B TOPOJI MEPEABUKHBIE TeHEpaTOPbl. DTa CTUXUS Jlana
MIOHSATH, YTO CIIEAYET CeNaTh aKIEHT Ha HA/Ie)KHOCTD AJIEKTPOIHEPTETHIECKOTO 000y IOBAHHUS.
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Application of new generation photovoltaic panels

Abstract. The paper presents a description of samples of solar panels of foreign and Russian
production. Prospects for the development of solar energy are considered.

Keywords: solar panels, new technologies, electricity, operation.

Beenenue

Ha ceromusamuuii eHb BbIpaOOTKA AJICKTPOIHEPTHH SIBISETCS TEPBOCTCTICHHOM 3aJadei,
pUYeM MOTPEOHOCTH B HEW YBEIMUMBAIOTCS C KaXAbIM IOJIOM. 3anachl TPaAULMOHHBIX TPUPO/I-
HBIX pecypcoB (HedTH, yris, raza u JIp.) KaKk U SAESPHOTO TOIUIMBA — ypaHa W TOPHUS — KOTa-
HUOYb 3aKoHUYaTCs. B mocneanee Bpemst Bce OONBIINI MHTEPEC BBI3BIBAIOT TEXHOJIOIMH TpUMe-
HEHHUS BO30OHOBIISIEMBIX SHEpropecypcos [1-6].

Cpenu BO30OHOBIISIEMBIX HCTOYHHUKOB YHEPTHU COJHEYHAS Paguanys M0 Macuiradbam pecyp-
COB, AKOJIOTMYECKON YUCTOTE U MOBCEMECTHOM paclpoCTpaHEHHOCTH HanboJjiee MepCreKTHUBHA.
ConHeyHasi SJHEpreTUKa — ATO HallpaBJIEHUE HETPAIUIIMOHHOM 3HEPTeTUKH, OCHOBAHHOE Ha HETIO-
CPEJICTBEHHOM HCII0JIb30BAHUN COJTHEYHOT'O U3IYUYEHUS IS IOJTYUYEHHS SHEPTUH.

AHanu3 nmpo0OsieMbl U IOCTaHOBKA 3a/1ayd. B mpouecce BbIpaOOTKH 3HEPIUH, HEOOXOIUMOM
JUTS HYXJI TOpojia, B atMoc(hepy BHIOPACHIBAIOTCS COTHU TOHH 3arpsi3HSIOIINX BEIIECTB M JHOK-
cuna yraepona. Beiopocst CO2 NpUBOIAT K TJI00ATBHOMY MOTEIIJICHUIO U IPUPOIHBIM KaTaKIN3-
MaM, IPOUCXOASIINUM B MUpe. B Mupe yxe cylecTByIOT 31aHusl, KOTOPbIE UCIOJIB3YIOT CTEKJIISH-
HBIE€ COJIHEUHbBIC TTAaHEJIH.

B Hacrosiiee BpeMs 3a1ayel HCCIEN0BATENIEH CUMTACTCS UCIIOIb30BaHUE PA3IIMYHBIX pa3pa-
OOTOK ISl CO3/IaHUs B KQUeCTBE MaHeleH, TOOBIBAIONINX COTHEYHYI0 SHEpruio. Takue ycTaHOBKH
HKCIUTyaTUPYIOTCS JJIsi CO3JAaHUSI COTHEUHBIX KpBILI, (acaqoB, OAJIKOHOB M OKOH, a TaKXKe JJIs
HABECOB ABTOCTOSIHOK. JTO MO3BOJISET CYLIECTBEHHO 3KOHOMUTBD 3JIEKTPOIHEPTHIO.

Conneunsie nanenu Komnanuu Sharp. B 2012 r. Kopniopanust Sharp npencrasnser HeoObIu-
HOE PEILLEHUE BHEIPEHUS AJIbTEPHATUBHBIX MCTOUYHUKOB DHEPIUHU, a UMEHHO, HOBYIO IIOJIyIPO-
3payHyl0 (3aTEMHEHHYI0) COJIHEUHYIO MaHEeb, KOTOpas MpeJHa3HaueHa UIsl MCIIOJIb30BaHMS B
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0alKoHaX WJIM B BUJE OKOH B BBICOTHBIX 3/IaHUSX, TJI€ OHa MOKET I'€HEepPUpOBATh SHEPTHUIO, a
TaK)Ke MPOMYCKaTh CBET.

Takue mosynpo3paydHble MaHETU YaCTUYHO 3aTEMHSIIOT IMOMEILIEHHE, YTO JIOBOJBHO BOCTpE-
O00BaHO B CTpaHaX C BBICOKOH COJHEYHOM aKTHBHOCTBIO, TAKXKE MX MOXHO HCIOJIB30BaTh Kak
OamKOHHBIC OTPAJIbl LU IEKOPATHUBHBIN JIEMEHT.

Ha ocHoBaHuMU yCTpOHCTBa 3TUX MaHeNlel MHOTHE Y4YeHble U MHXKEHEPhl CTalId MPUMEHSTh
ATOT MPHUHLMII pabOThl 71l CBOMX JaJbHEWIINX pa3paboTok. Beab mpu ycioBuu, 4To OKHO CO-
ctaBisieT oT 20 % turomanu acana 1r0060r0 CTPOSHUs, TO 3TO BIICUET 332 000 OOJBILION MOTEH-
[MaJ JUIsl UCCIIeI0BAaHUS M XOPOIIIYI0 BO3MOXKHOCTh MCIIOJIb30BaTh COIHEYHYIO SHEPTHUIO ISl TOTO
Ke KIIUIA. Tak Hadaiu TMOSBISTECS HOBBIE 00Pa3Ilbl «COTHEYHBIX» CTEKOJI JJIsl TPOM3BOICTBA
SHEPIHH.

Conneunsie manenu Kommnanuu Aleo Solar. Hemeukas kommnanusi Aleo Solar mpencrasuna
CTEKJISTHHBIE COJTHEUHBIEC NIaHENI, BCTPOCHHbIE B KOHCTPYKIMOHHbBIE MaTepualsl 3aanuii. Haubo-
Jiee BaXXHOH 3Ta pa3paboTKa AOJDKHA OBITH ISl apXUTEKTOPOB, IW3afHEPOB U MHXKEHEPOB, MPHU-
YAaCTHBIX K CTPOUTENBCTBY. TaKkke OHM UMEIOT BCE IIAHCHI ObITh MOJIE3HBI ATl CO3AAHMSI COJTHEY-
HBIX KpbILI, (pacagoB, OATKOHOB U OKOH, a TAK)KE JJI1 HABECOB aBTOCTOSIHOK.

OpnHu U3 BaXKHEUIIUX YEPT — JI0JITO€ BPEMs MCIIOJIB30BaHUS TAKUX COJTHEUHBIX NaHeJIeH U Ac-
TETUYECKHE CBONCTBA.

Conneunsie nanenmn Kommannn NREL. Yuensie HanmonansHoO#M 1abopaTopun Mo U3yYEHHUIO
BO300HOBIISIEMON PHEPTUU CO3/Ia OKOHHYIO COJTHEUHYIO TaHEJb, MPH 3TOM COCPEIOTOYMINCH
Ha «3QQeKTe MPo3payHOCTH» OKOHHOTO CTEKJIA.

H3rotroBieHHOE CTEKIO aBTOMAaTHUYECKU MOKET TEMHETh U CBETJIETh B 3aBUCUMOCTU OT HH-
TEHCUBHOCTH COJIHEYHOIO M3IyuyeHUus. CTEKIO TEMHEET W IMPOU3BOIUT SHEPTUI0, KOIJa MOTOK
COJIHEYHOI'O CBETAa IPOXOIUT CKBO3b HEro, norjomas cBeT. Korja MmoTOK COJIHEYHOIO CBETa
YMEHBIIIACUILCS, TO CTEKJIO OKHA CTAHOBUTCS MPO3PAYHBIM.

ConHeuyHble IPO3pavHbIe JIEMEHTHI MOJIy4aloT MPHU MOMOUIN MEPOBCKUTOB (PEIKUN 3eMellb-
HbIH MuHepan TutaHata Kanbuus, CaTiO3) u OAHOCIOWHBIX YIIEpOAHBIX HaHOTPYOOK. ITomy-
YEHHBIN 2JIEMEHT pearupyeT Ha TeII0 COJIHEYHOTO CBETa, U MPEBPAIIAETCs B TOHUPOBAHHOE CO-
CTOSIHHE.

Hcnonp3oBanne (HOTOAIEKTPHUECKUX IMaHENeH HOBOTO TTOKOJICHHS, COBMEIIEHHBIX C KOH-
CTPYKLHSAMHU 3/1aHUH U COOPYKEHUI, TTO3BOJIAET 3HAYUTEIHHO SKOHOMUTH TUIOIIAIH, HEOOXOAU-
MbI€ ISl YCTAaHOBKU KJIACCUYECKUX COJIHEUHBIX Oarapeil. DTo 1mo3BosieT sl o0ecnedeHus UH-
JTUBUIYaJbHBIX OTPEOUTENEH yCTaHABIUBATh 3JIEKTPOYCTAHOBKH ropa3o 00JIbLIe MOIIHOCTH.

[IpumeHeHne AIEKTPUYECKUX YCTAaHOBOK HOBOI'O THUIIA IO3BOJISAET 3HAUUTEIBHO YBEJINYHUTH
JIOJTI0 UCTIOJIb30BaHMUsI BO30OOHOBIISIEMBIX HCTOYHUKOB SHEPTUU B 00IIeM SHeprobdaiaHce.

[IpennoxeHHble pelIeHHs 10 MPUMEHEHHUIO COJIHEUHBIX MPO3PAaYHbIX MAHEJIEeH yCTaHaBIMBa-
eMble Ha Kphllax, (acamgax, OaTKOHAX U OKHAX, a TaKXKe JJIsi HABECOB aBTOCTOSIHOK, MO3BOJISIOT
PEUIUTh TPOOIIEMBI SKOJIOTHH, SHEProcOepekeH s, SKOHOMUU MPUPOTHBIX PECYPCOB B CTPaHE.

Takxe HUCT0JIb30BAHUE 3TUX TEXHOJIOTUNA apXUTEKTOPAMH, JU3ailHEpaMH U MHKEHEpaMH, 3a-
HSATBIMU B CTPOUTENIBHON cdepe, IPeoCTaBISET JOMOTHUTEIbHBIE BOZMOKHOCTH ISl TIPUIAHUS
3[TaHUSIM ICTETUKH U KayecTBa.

ABcTpanuiickoMmy crapramy SunDrive yaanoch mpeoaoaeTh OAHO U3 OCHOBHBIX MPEMSATCTBHMA
Ha MyTH IIUPOKOTO PACIPOCTPAaHEHUS (OTOIICKTPUUECKUX TMaHeNeH HOBOTO IOKOJICHHS — TO-
TpeOHOCTH B OOJIBIIOM KOJIMYECTBE cepedpa It UX U3TOTOBICHHUS.

Pa3paboTanHass KOMITAaHHEW TEXHOJIOTHSI MO3BOJISET 3aMEHHUTH cepeOpo ropaszmo Oosee J0-
CTYITHOH Menbto 0e3 CHIKEeHHS A (HEKTHBHOCTH.

Poccuiickue yueHble TpeasIoKUIN HOBYIO TEXHOJIOTHIO IPOM3BOJICTBA COJHEUHBIX OaTapeii —
OCTaBHUTh KPEMHHUEBYIO TOJITIOKKY, a HA HEH pa3MeCTUTh MOJYNPOBOJHUKU U3 Pa3HBIX XHUMHYeE-
CKHX 2JIEMEHTOB. bbut cienan BbiOOp: ramnmii — pochop — HUTpUT — Mbibsik. KI1/1 Takoii koH-
CTPYKIMH cOCcTaBUT 0KoJIo 40 %, B TO BpeMsi Kak y KpeMHHUEBBIX (poTornemeHToB — 20-25 %. Ce-
TOJIHS HYKHO MEPCIeKTUBHBIC WU MTPEBPATUTH B MHHOBALINU.
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3akiouenne

B nacrosiiee BpeMsi OAHUMHU W3 OCHOBHBIX MHPOBBIX MPOOJIEM SIBISIOTCS MPOOIEMBI, CBS-
3aHHBIE C HKOJIOTHEH. 31aHUs HE TOJIBKO yXYJIIAI0T PUPOLY, HO U MOTPEOIIAIOT OONBIIOE KOIH-
yecTBO Heprun: 40 % sHepruu B MHpE pacxoayeTcs Ha OCBEIIEHHE, paboTy KOHAWUIMOHEPOB,
ororuieHue u T.1. [Ipu BHeApeHNH psiia MHHOBALMH 1O SHEProdPPEKTUBHOCTH MOKHO YITYUIIUTh
AKOJIOTMUYECKYIO CUTYaLUIO B MUPE.
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Prospects for the application of biotechnology in the energy sector

Abstract. One of the alternative ways of obtaining energy in the future is considered. The use
of biotechnology can solve modern energy problems.

Keywords: ecology, oil consumption, biofuels.

buosneprerruka — npuMeHeHHE U U3YUYCHHE KUIHEACSITEIbHOCTH MUKPOOPTaHU3MOB ISl T1O-
JTy4eHUs YHeprur. BHOTEXHONOTHs B YHEPreTHKE, MPEXK/IE BCETO, CBSI3aHa C UCIOIb30BAaHUEM T10-
TEHIMAJIBHOTO MCTOYHHMKA SHEPTHH, 3TO OMoMacca 3eJEHBIX PACTeHUN, KOTOPBIE SIBJISIOTCS KOH-
cepBaTOpaMH COJTHEYHOHM SHeprud. Takxke OHO M3 KIFOUYEBBIX HANpABICHUH SBISETCS Mpeodpa-
30BaHHE OMOMacchl B OMoraz u OMOATaHOJI, YTO MO3BOJIIET peann3oBath oT 50-80 % moreHu-
aJIbHOM SHepruu 0e3 3arps3HEeHUs OKPYKAIOIIEH Cpe/Ibl.

VYuuTbiBas COBPEMEHHYIO SKOJOTMUECKYIO MOBECTKY M CHJIBHOIO yAapa KpU3Kca MaHIAEeMHU
o HedTerazoBol OTpaciv, mpobjeMa UCTOMICHUS YTIEBOJOPOJAOB BCE OOJIbIIIE CTAHOBUTCS pe-
aNbHOCTHIO. Ha maHHBIE MOMEHT MHPOBBIX 3amacoB He(TH M raza MpU HBIHEIIHEM ypOBHE IO-
TpebneHnn xBaTUT Ha 5S0—70 neT, yuuThiBasi JOKa3aHHBIC 3aMachl, KOTOPhIE MOKHO TOOBITH MPHU
CYILIECTBYIOIIEM TEXHOJIOIMYECKOM YPOBHE, IPHU 3TOM Motydast npuObuib. C KaKIbIM TOAOM T0-
TpebneHne HeTenpoIyKTOB HEYKJIOHHO PacTET, He yuuThiBas kpusucHblii 2020 r. (puc. 1).

Uro kacaercsa curyauuu B Poccuu, B 2020 r. Cuérnas nanara PO noacuurana, 4To passe-
JMAHHBIX HETSIHBIX 3aIIaCOB XBAaTUT BCETO HA 35 JIET MOOBIYHM M MPUMEpPHO 65 % ocTraBIiciics B
POCCHUHCKHMX HeIpax He(THU pacrloyioKEHO B TPYAHBIX apKTHUECKHX 30HaX, HO Ha JaHHBIA MO-
MEHT IpPU COBPEMEHHBIX METOOB J0OBIYM 3TO SKOHOMHUYECKH HE BBHITOAHO. OCBOCHHE HOBBIX
MECTOPOKICHUM YTJIEBOJOPOIOB B APKTHUECKOM PETHOHE COMPOBOXAAECTCA 3KOJOTUYECKUMH
pHUCKaMH, KOTOpbIE MOTYT MOBJIeYb 3a co00i KaracTpoduueckrue NpupoHble MOCIEACTBUS, CBS-
3aHHBIE C YCKOPEHUEM TTI00aIbHOTO MOTEIUICHUS, TassHUS JIbJa U BEIMUPAHUS PEAKUX BUIOB JKU-
BOTHBIX (pHuC. 2).

VYuurbiBas BbIIIECKa3aHHOE, OMORHEpPreTHKa HMMEET MOTEHLUal PEIIEHUS IOCTaBICHHBIX
npo6sieM. Bo3pMéM 3a mprmMep OMOITaHON B KaueCcTBE 3aMEHbI O€H3MHA.
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MmupoBoe notpebnaeHne HepTU MIH
6appeneu B aeHb

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Pucynok 1 — Craructuka mupooro norpednenus Hegptu(2007-2020 rr.)

MaKCHMANLHAR TONUWMHA HODTAHON NNeNKHIA 10 CYTOK, MKM
(Maximum thickness of oil film after 10 days, mkm)
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PucyHnok 2 — Bo3aMosxHbIe HE(DTSHBIE 3arps3HEHHS aPKTUIECKUX PaiOHOB
npu paznuse Hedtu B 10000 T 32 5 cyT

BuosTanos — crnupT, MOMYyYEHHBIH U3 PACTUTEIHHOTO CBHIPBS, MO CEOECTOMMOCTH OH TPH-
MEpHO BJIIBOE jemieBiie OeH3nHa. Kak TOrmBO Jyisi [BUraTesieii BHYyTPEHHETO0 CrOpaHus OH B Iie-
JIOM aHAJIOTHYeH OEH3MHY, HO UMeeT 0oJiee BRICOKOE OKTAaHOBOE YHCIIO U MEHBIIYIO TEIJIOTBOP-

HYIO CITOCOOHOCTS.
[IpeumymecTBa Ono3TaHONA:
1. DxoHOMHYECKas BBITOJIa B JOJTOCPOYHON MEPCIIEKTHRE.

3arparhl Ha MPOM3BOJCTBO OMO3TaHOJA 3HAUYUTEIHBHO HIDKE YEM IPOU3BOJCTBO OCH3MHA.
Paz6epém pazHuIily mpou3BOACTBa OCH3MHA M OMOATAaHOJA, U KaK ATO BIMSET Ha leHy. Kak MbI
yKe 3HaeM, O€H3MH TPOU3BOAUTCS U3 HEPTH, HO IS TOTO, YTOOBI MONYYUTh HEPTH, HY)KHO IS
Havajga HAWTH MECTOPOXKICHHE, TPOU3BECTH TEOJOTHYECKYIO Pa3BEIKy, TOJBKO MOCIE 3TOTrO
HAYMHATH OypUTh, MPU MPOU3BOACTBE OMOATAHONA ITOT ACMEKT OTIAJACT, B KAUECTBE ChIPhS HC-

HOJIB3yETCA pacTUTENbHAs Macca (puc. 3).
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Pucynok 3 — CpaBHeHHE 3TanoB MPOU3BOJACTBA OEH3WHA M OMOTOIIIINBA

2. YMEHbIIICHUE 3arpsA3HEHUS OKPY KaIOIIEeH Cpeibl.

[IpumeHenne 6MOATaHONA WM CMECH ¢ OCH3MHOM B KaUeCTBE TOIUTMBA 3HAYUTEIHHO CHIKA-
€T BBIOPOCHI TMOKCH/IA YTIEPO/a, SBISIIONIETOCS MapHUKOBBIM razoM. CHmkeHue BeiopocoB CO2
IIpY TPOU3BOCTBE 3TAHOJA U3 3€pHA COCTABISAET B cpenHeM 19 %, KOHEUHO, pU MPOU3BOICTBE
OrosTaHOa MOPOM HCMOIB3YIOTCS OMACHBIE PEareHThl, TAKME KaK CepHas KUCIOTa U LIEJIOYHbIE
TOMOT€HHBIE KaTanu3aTophl. 3a/1a4ya Mo PEIICHUIO 3TOM MpoOIeMbl TaBHO MTOCTABIICHA U € 3aHU-
MAaloTCs MCCIeAO0BaTeIN BO MHOTHX cTpaHaX. M JOCTH)KEHHS B MCCIEIOBAaHUSAX YK€ UMEIOTCS.
Copepxammuiicst B 3TaHOJE KUCIOPO/I MO3BOJISIET O0JIee TOJTHO CXKUTATh YIIIEBOJOPO bl TOILIINBA.
10 % copepxkaHue dTaHONa B OCH3MHE MO3BOJISIET COKPATUTh BBIXJIONBI a3PO30JbHBIX YACTHUI] 10
50 %, BeIOpockl CO — Ha 30 %. Jlanusie 3a 2006 r. MOKa3bIBAIOT, YTO NMPUMEHEHHE 3TaHOJIA B
CIIIA no3BoJIUIO COKPATUTh BEIOPOCH! OKOJIO 8 MJIH T HAPHUKOBBIX Ta30B, YTO MPUMEPHO PaBHO
rO0BBIM BEIXJI0IIaM 1,21 MIIH aBTOMOOHIEH.

3. DHeproahHEeKTUBHOCTH ATAHOJIA U €r0 (PU3UKO-XUMHUIECKHUE CBOHCTBA.

B mupe okono 80 % TexHMUECKOro CnupTa MPUMEHSETCS B KauecTBE OMOTOIIMBA, KOTOPOE
10 CBOMM CBOMCTBaAM HHUYYTh HE Xyke OceH3uHa (Tabm. 1). [Ipon3BoacTBO M moTpedieHue ToI-
JMBHOTO OMOATAaHOJIA HEYKIIOHHO PACTEeT C KaXKIbIM roJoM, npuomusurensHo Ha 20-26 %. Ilo
MPOTHO3aM SKCIIEPTOB U aHATUTUKOB, K 2020 1. tocTUrHeT mianku 120 mup/ i1 B roa.

Hy>HO moHUMAaTh, 4TO OMOATAHOI B OOJBIIMHCTBE CIIy4acB SBIISICTCS J00ABKOUW K OCH3UHY,
He Oepst BO BHUMaHuA crienuainbhbie nurarenu Flex Fuel, koTopeie MoryT paboraTs Ha 4ucTOM
ouostanone. Cmecu OmodTaHoNa U OeH3MHA MapkupyroTcs OykBoil E, T.e. ethanol, u uucnom,
yKa3bIBaIOIUM Ha ero Joiiro B Tormse. Yacto Bctpeyaembie Mmapku ES, E7 u E10, nns ucnions-

93



30BaHMS ATUX MAapOK KOHCTPYKIIMIO OCH3WHOBOTO JBHUTATENsd MEHATH HE Hamo. PaccMoTpum
cmech E10 ¢ Gensunom (Tabn. 2), Kak BUANM, MPUMEHEHHE STAHOJ]A IMO3BOJSIET HE TOJBKO
YMEHBIIUTh HEPTIHYIO 3aBUCUMOCTh T'OCYJaPCTBA M BBIOPOCHI YTIEKHUCIIOTO ra3a ¢ BBIXJIOMOM,
HO Y TOBBICUTH JETOHAIIMOHHYIO CTOUKOCTH (OKTAaHOBOE YHCJIO) MPUMEHSEMOr0o OSH3MHA, a TaK-
K€ CHU3UThH COJIEP’)KaHUE TOKCUYHBIX apOMATHYECKUX YTJIEBOIOPOIOB.

Ta6muma 1 — [Tapamerpsl OnodTaHOIA B CPAaBHEHUH ¢ OEH3MHOM

TennoTBop-
Temnepa-
Has crioco0- | Bsskocts
[InoTHOCTS, o OxrtaHOBOE Typa OKBUBAJICHT-
TomuBo HOCTh (20 °C),
KI/1T o YHCIIO0 BCIBIIIKY, | HOCTh TOIIIMBA
(20 °C), MM?/c oC
M JIx/KT
benzun 0,76 42,7 0,6 92 <21 1
buostanon 0,79 26,8 1,5 >100 <21 0,65

Taomumna 2 — PU3nUKo-XUMHUECKHE CBOMCTBA aBTOMOOMIBHOMN cMecH OModTaHoiIa U OcH3MHA
(E10)

JleToHannonHas
JleToHanTMOHHAS o
N CTOUKOCTh (OK- Kopposuonnas ak-
CTOMKOCThH (OKTa- Hasnenue or | Ilotepu ot
TaHOBOE YHCJIO) TUBHOCTbH U3MEHE-
Tonnuso HOBOE YHCJIO) 110 HACBIIICHHBIX | HCHapeHus,
10 UCCIIE0BA- o HUSI MacChl CBUH-
MOTOPHOMY METO- mapos, klla % N
1 TEIIbCKOMY Mée- LIOBOU
Y TORoY
bensun 83,3 92,6 37,3 0,45 0,55
brosTanon 85,6 95,4 45,1 0,5 0,7

Hedts 1 ra3 emé nonroe BpeMst OyA€T IMIaBHBIM PECypCOM IUIAHETHI, CIeIyeT MOHUMATh, YTO
Ha JIaHHBI MOMEHT IOJIHBIN OTKa3 HEBO3MOXKEH, TPeOyeTCs IOCTENEHHBIN Nepexo Ha OnosHep-
TeTUKY WM Ha albTepHATUBHbIC HCTOYHUKH SHEPTUU. MBI yKe 3HaeM MpHUMepbl KOMOMHHPOBA-
HUs1 OMoMacchl ¢ OEH3MHOM, IIPU TOBCEMECTHOM IPUMEHEHHS 3TOW TEXHOJIOTUH B OyAylleM 3Ha-
YUTEIBHO CHU3UTCS MOTpeOIeHHE HEPTH.
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Annomayus. ATbTEPHATUBHBIA UCTOYHHUK SHEPTHH — CIIOCO0, YCTPOHCTBO UM COOPY>KEHUE,
TIO3BOJISAIOIIEE MOJIYYATh YJICKTPHUSCKYIO SHEPTHIO (WM APYTOor TpeOYeMbIi BU YHEPTHH) U
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Alternative energy sources. Laser thermonuclear and cold nuclear fusion

Abstract. An alternative energy source is a method, device or structure that allows you to ob-
tain electrical energy (or other required type of energy) and replaces traditional energy
sources.

Keywords: laser thermonuclear fusion, cold nuclear fusion, alternative energy sources.

JlasepHsiii TepmosaepHsiii cunate3 (JITC) — HanpaBiieHHE B HCCICAOBAHUAX 110 YIIPaBIISICMO-
My TEPMOSZEPHOMY CHUHTE3y, OCHOBAaHHOE Ha CIIOCOOHOCTH Jla3epa KOHLEHTPUPOBATh SHEPTHIO B
Manblix 00bEMax BemecTBa (10—6 cM”3) 3a kopoTkue npoMexxyTku BpemeHu (< 10-9-10-12 ¢) u
HCIIOJIB3YIOLIEE MHEPLUAIBHOE YACPKAHHUE MJIa3MBbl.

UpesBbl4aliHO NMPUBJICKATEIBHON MPEACTABIAETCS BO3MOXKHOCTD YTHUIM3ALUM YHEPTUH, BbI-
JIENUBIICHCS MIPU TEPMOSTEPHBIX PEaKLUUAX A PelIeHUs 3HepreTudeckoi mpobsiemsl. [leno B
TOM, YTO TOIJIMBOM IIPH TaKOM CIIOCO0E MOJTyueHHs SHEPTUH SABJSIETCS U30TOI BOAOPOAa JieiiTe-
puii (D), 3anacsl koToporo B MUpOBOM OKeaHe NMPaKTUYECKH HEUCUEPIIAEMBI.

OpHyYM W3 aJbTEPHATHBHBIX IyTEH CHHTE3a JIETKUX AEp Ul MOIY4YCHHs DHEPIUU CTall Ja-
3€pHBIN TEPMOSIICPHBIN CUHTE3, TAK HA3bIBAEMBIN «JI1a3€pHBIN TepMOsny». [IpakTnyecku Bce HbIHE
co3nanHble ycraHoBkU 175 JITC mpencraBistoT coboit kamepy, B LEHTP KOTOPOM MOMEIAETCs
nenTepuii-tputreBas MuieHb. Ha He#t hokycupyeTcs n3iydeHre HECKOJIbKMX MOIIHBIX Jia3ep-
HBIX UMITYJIbCOB anuTensHocThio 107-10710 cexynmpl u cymmapHoii MomHOCTBIO mopsaka 10'4-
10"° Br/cm?. Pacmmpsiomuecs rasbl U peakTUBHOE JaBIEHHE CKUMAIOT TEPMOSIEPHOE «IOPIO-
gyeey mpuMepHo B 50 ThICSY pa3 u HarpeBaroT ero 10 temrepaTtypsl 10 k3B (okono 120 mMumnmo-
HOB rpagycoB). IIpu 3ToM oOosouka ammysbl HcHapsieTcs, AaBJICHHE B CMECH BO3pacTaeT /0
MUJIHOHA aTMocdep, a ee TWIOTHOCTh — 10 50100 r/cm®. ToIbKO NpH 3TUX yCIOBHAX, COXPaHS-
IOLUXCS JIMILIB Ha BpeMsl IEHCTBUS JIA3€PHOTO UMITYJIbCA, MOXKET HAuaThCsl TEPMOsIIEpHAs peak-
1IUs C BBIEEHHEM HEHTPOHOB U 6onbIIoro KomuuecTsa saeprun: D + T = He* + n+ 17,6 M3Bxk.
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HccnenoBanus Benytes B abaporopusix: «HoBay — ¢ sHeprueil u3nydeHus B UMITYJIbCE A0
120 x/Ix — B JIuBepmopckoi HaumoHanbHOH nabopatopun CIHIA; «Omera» — ¢ sHeprueil uzmy-
yenus 10 60 k/[»x — B Pouectepe (CIIA); «I'ekko-12» B Ocake (Anmonus) u «dedyc» Bo (ppaH-
Iry3ckoM ropojie Jlumeiin, o6e ¢ sHepruei uzmydenus B ummyibee 10 20 kX, ¥ B poccCHiCKOM
Capose «HMckpa-5» — o 30 kJx.

CnusiHue saep AelTepus IpOUCXOAMT 10 ABYM KaHajlaM IPUMEPHO C OIMHAKOBOM BEPOSTHO-
CTBIO: B IIEPBOM OOPa3yIOTCsl TPUTUH U TIPOTOH P U BBIACISICTCS dHEPTUs, paBHast 4 MaB; Bo BTO-
pPOM KaHajle — reJIMii ¢ aTOMHOM Maccoil 3 ¥ HEMTPOH, a BelAeNMBIIasAcsa 3Heprus 3,25 MaB. Otu
PEaKIMU NPEACTABISIOTCS B BUAE CIEAYIOMUX GOopMyII:

D+T=4He +n+ 17,6 MaB,
D+D=T+p+4,0 MsB,
D +D=3He +n+ 3,25 MaB.

Jlo mporiecca ciusiHUS sapa ASHTepust U TPUTHS 00s1anatoT aHeprueit nmopsaka 10 kaB; suep-
I'¥sl IPOYKTOB PEAKIIMK JOCTUTAET BEIMYMHBI OPSAAKA €AUHULL U AECSITKOB METAIEKTPOHBOJIBT.
Crnenyer Takxe OTMETUTb, YTO ceueHue peakiuu D + T u ckopocTh ee MpoTeKaHusl 3HAUUTEIBHO
BbIIIIE (B COTHHU pa3), yem aiis peakuuu D + D. CnenoBatensHo, 1uist peakiuu D + T 3HauntensHo
Jerde AOCTHYb YCJIOBHM, KOTJa BbIIEIUBIIASACS TEPMOSIEPHAs YHEPIUs MPEB30IIET 3aTpaThl Ha
OpraHU3al1I0 IPOLECCOB CIUSHUS.

Jliis peakTopa Ha OCHOBE JIa3€pHOI0 TEPMOSIEPHOrO CUHTE3a HEOOXOIMMO, OJHAKO, CO3/a-
HUE JIa3zepa METra/KOyJIbHOTO YPOBHS, padOTAIOIIEro ¢ YaCTOTOH MOBTOPEHHSI B HECKOJIBKO T'epIL.
B psne naboparopuil uccienyroTcs BO3MOXKHOCTH CO3/aHUSI TAKMX CHCTEM HAa OCHOBE HOBBIX
KPUCTAJIJIOB. 3aIyCK ONBITHOI'O PEAaKTOpa M0 aMEPUKAHCKOW MporpamMme mianupyercs Ha 2025 r.
Xonoaueiit sinepHbiid cuaTe3 (XSC) — mpenmoiaraemMasi BO3SMOXKHOCTh OCYIIECTBIICHUS SICPHON
peaKIMy CHHTEe3a B XUMHUECKUX (aTOMHO-MOJIEKYJISIPHBIX) cUcTeMax 0e3 3HAUUTEeJIbHOTO Harpe-
Ba pabouero BemiecTBa. MI3BeCTHbIE SEPHBIE PEAKIIMM CUHTE3a — TEPMOSEPHbIE pEaKIIMU — IIPO-
XOJST B IUIa3Me PHU TeMIepaTypa B MUJITMOHBI KEJIbBHHOB.

[Tox «XOMOIHBIM SAEPHBIM CUHTE30M», KOTOPBIN TEMEph IMpeiaraeTcsi 3aMEHUTh Ha TEPMUH
«SIJIepHBbIE MPOLECCHl, UHAYIIMPOBAHHBIE KPUCTAJUINYECKON PELIeTKON», MOHUMAIOTCSI aHOMAJlb-
HBIE C TOYKHU 3PEHUSI BAKYYMHBIX SJIEPHBIX CTOJIKHOBEHMH, CTOXaCTUYECKHE HU3KOTEMIEpaTyp-
HbIE siZIepHBIE NIPOLIECCHI (CIMSHUE SAEp C BbICICHUEM HEHTPOHOB), CYIIECTBYIOLIME B HEPABHO-
BECHBIX TBEPBIX TEJaX, KOTOPbIE CTUMYJIMPYIOTCS TpaHCcpopMale ynpyroi 3Hepruu B Kpu-
CTAJUIMYECKON pelieTke npH (a3oBbIX MEpPexXo]iaX, MEXaHUUYECKUX BO3JEHCTBUAX, COPOLIUM HMIIU
necopOuuu Bogopoa (nentepusi). JpyrumMu cioBamMu, 3TO aHAIOT «TOPSYEiy) TEPMOsIEPHOU pe-
aKIUK (IpH KOTOPOM MPOUCXOAMT CIUSHUE sJIep BOJOPOA M NPEBPALCHUs UX spa Teius, C Bbl-
JIEJIEHUEM KOJIOCCAIbHOM HEPIHUH ), MPOXOASIIUN IpY KOMHATHON TeMIepaType.

CornacHo cOBpeMEHHOM HAay4HOH KapTHHE MHUpa JJIs TOro, YTOObI MPOM30LLIA sAepHas pe-
aKIusi, He0OXOIUMO CONM3HTD si/Ipa HA PAcCTOSIHHE, HA KOTOPOM paboTaeT CHIBLHOE B3aMMO/ICH-
CTBHE. DTOMY MpPENATCTBYET OoJiee NanbHOAEHCTBYIOILIEE KYJIOHOBCKOE OTTaJIKuUBaHHE. UTOOBI
CONMM3UTH sIIpa, HYXKHO 3aTpaTuTh dHepruro nopsaka 0,1 MsB, KoTopoil cooTBETCTBYyeT TeMIiepa-
Typa nopsiika 11 MUIITMOHOB IpagycoB (3TO HWXKHUHN TeopeTnueckuit npenen). Ha Connue peak-
s UAET IpU TeMieparype ~15 MIIH rpaycoB U OUY€Hb BBICOKOM JIaBJICHUHU.

Jis mosrydeHus: SKOHOMHMYECKH S(PQPEKTUBHON YCTAaHOBKHM SA€PHOIO CHUHTE3a B 3E€MHBIX
YCIIOBHSX HYXHa Temrepatypa nopsaka 100 muH rpagycos. [ToaToMy GONBIIMHCTBO YYEHBIX OT-
HocATCS K 3asBi1eHusAM 0 XSC ¢ OONBIINM CKEIICHCOM.

CooOuienne xumukoB Maptuna ®@neitiimana u Crennu [loHca 00 371€KTPOXUMUYECKHU UHITY-
LIUPOBAHHOM SIJIEPHOM CUHTE3€ — PEBPALCHUN ACUTEpUsl B TPUTHM WM Iefuil B yCIOBUSX JIEK-
TPOJM3a HAa NaJIaAMEBOM 3JIEKTpOJie, nosiBuBlIeecss B MapTte 1989 r., Hajgenano MHOro uryma.
JKypHanucThl Ha3Baju UX ONBITHI «XOJIOJHBIM TEPMOSAOM.

96



OxkcnepumenThl DrelimMana u [ToHca He cMOTrM BOCTIPOU3BECTH APYTUE YUEHBIE, 1 HAYYHOE
COOOIIECTBO CUMTAET, UTO MX 3asiBIICHUS HETOJIHBI M HETOYHBI U MPEACTBIISIOT c000i 1160 mpo-
SIBJICHUE HEKOMIIETEHTHOCTH, JINOO MOIIIEHHUYECTB.

Oneitiman u [1oHe caenany BBIBOA O SAEPHOM peakiuy, 0OHAPYKUB U3ITyueHHE HEHTPOHOB.
Axanemuk PAH Dnyapn KpyriisikoB mosiCHUJI, 4TO B S3KCIIEPUMEHTaX C MPOIYCKAaHUEM TOKa 4Ye-
pe3 MajulagueBbIi 3JIEKTPOJ BOZHUKAET «HUCKPEHUE» HA MHUKPOTPELIMHAX 3JIEKTPOJa, IPU 3TOM
MOHBI PA3TOHSIIOTCS 10 SHEPruu mnopsiaka 1 k9B, U 3TOr0 MOXKET OBbITh AOCTATOYHO I MOJTyde-
HUS HEOOJIBIIOTO KOJIMYECTBA HEUTPOHOB.
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MoneaupoBaHue mpoiecca TenJ0npoBOIHOCTH Yepe3 TBepAoe TeJI0

Annomayus. TemmonpoBOIHOCTh — 3TO CIIOCOOHOCTh MaTE€pHAIbHBIX TEJI MPOBOJIUTH dHEP-
TUio (TEIIOTy) OT OoJiee HArpeThIX YacTeH Tena K MEHee HarpeThIM YacTsIM Tejla IyTEM Xao-
THYECKOTO JIBH)KCHHSI YaCTHII TeIa, KOTOPYIO BO3MOXKHO HCCIIEIOBATh SKCIEPUMEHTATBHBIM
MyTEM C ITOMOIIBIO MOJICIMPOBAHUS Ha CICIIUATM3NPOBAHHBIX KOMITBIOTEPHBIX MPOTpaMMax
JUTS JTYYIIIeTO IIOHUMAaHMS TEOPETUICCKON COCTABIISIOIICH.
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Simulation of the process of heat conductivity through a solid body

Abstract. Thermal conductivity is the ability of material bodies to conduct energy (heat) from
more heated parts of the body to less heated parts of the body by the chaotic movement of
body particles, which can be studied experimentally using modeling on specialized computer
programs for a better understanding of the theoretical component.

Keywords: thermal conductivity, process simulation, experiment, general energy.

Nzyuenne nucrumnnbl «O01ast SHEPTeTHKA U APYTUX SHEPTETUYECKUX TUCIUIUINH CTaBUT
CBOCil 1ebi0 popMUpPOBaHKE 3HAHUI 00 MCTOUYHHKAX SHEPTOPECypcoB, METOAaX MX Mpeodpaso-
BaHUS B TEIUIOBYIO, MEXaHUYECKYIO U ANEKTPUUECKYIO SHEPTHUIO.

[IpakTudeckue 3aHATHS SBISIFOTCS OJHON U3 TJIaBHBIX (OpPM pabOTHI CTYJACHTOB HA Haydajb-
HBIX KypcaX, KOTOpbIe MOMOTal0T JAOCTUYb IENH, U3ydyaeMble B Kypce «OO0Ias sHepreTHKay u
SHEPreTHUECKUX TUCIUIUIMH B 1esioM. [Ipy BBIMONMHEHWH MpakTUYecKuX 3amaHuil «Mopaenupo-
BaHUE MpoIlecca TEIIONPOBOAHOCTH Yepe3 TBEPAOE TeIo» (POPMUPYIOTCS KOMIETECHIIUH, T03BO-
JSIOIINUE CTYJIEHTaM MPUMEHSTh METOJbl MAaTEMAaTUYECKOr0 aHaIn3a, MOJCIUPOBAHUS U TEOpe-
TUYECKOT'0 UCCIICIOBAHUSI.

UT0oOBI MOHSATH, KaK MPOUCXOIAT MPOILIECCHl HA MPAKTHKE, CTyIEHTaM HEOOXOIMMO 3HAThH CO-
OTBETCTBYIOLYIO TEOPHIO.

UTto Takoe TernaonpoBOAHOCT?

TemmonpoBOIHOCTh — 3TO CIIOCOOHOCTh MAaTEPHAIBHBIX TEJI MPOBOJUTH SHEPTUIO (TEIUIOTY)
oT OoJiee HArpeThIX YaCTeH Tela K MEHee HarpeThIM YacTsM Tella MyTéM XaOTUYECKOTO JIBHKEHUS
9acTHIl TeJa (aTOMOB, MOJIEKYJI, SJICKTPOHOB U T. I1.). Takol TErmI000MEeH MOXET POUCXOANTH B
TOOBIX TEJaX ¢ HEOJHOPOJHBIM paclpeielieHneM TeMIIepaTyp, HO MEXaHU3M MePEeHOCa TeTUTIOTHI
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OyIeT 3aBUCETh OT arperaTHOr0 COCTOSIHUS BEIIECTBA. TeIrIONpPOBOAHOCTHIO HA3BIBAETCS TAKXKE
KOJIMYECTBEHHAS XapaKTePUCTHKA CIIOCOOHOCTH Tela MPOBOJAUTH TEII0. B CpaBHEHHH TETIIIOBBIX
LeIeH ¢ SIIEKTPHYCCKUMU 3TO aHAJIOT IIPOBOAMMOCTH [1].

B uucToM BHJE TEMIONPOBOIHOCTD BCTPEUAETCS JIHILb B TBEPABIX Tenax. B Takux Tenax, kak
CTEKJIO M KBapll, YacTh SHEPTUU HAPSAOY C TEIUIONPOBOIHOCTHIO TepenaeTcsl H3lydeHueM. B
aMop(dHBIX BelleCTBaxX TEIJIOTA MepeAaeTcs 3a CUeT YIPYTHX BOJIH B MaTepuane. B razax u xumu-
KOCTSIX TEIUIONPOBOAHOCTH JOMONHSETCS Mepefadel Temna KoHBekuuend u uanydenuem [1]. Tlo-
ATOMY B HaIlleM YKCIEPUMEHTE MbI OYJIeM U3ydaTh TEIUIOMPOBOIHOCTh TBEPABIX TE.

st mpoBeeHust SKCIIEpUMEHTa CIIeyeT pa3inyaTh BUABI TEIUIONPOBOAHBIX MpoiieccoB. Ha
JTAHHBI MOMEHT CYIIECTBYIOT CTAllMOHAPHBIA U HECTAIIMOHAPHBIN MTPOLIECCH TEIJIONMPOBOHOCTH
B TBepJoM Tese. CTallMOHApHBIM MPOIECC XapaKTePU3yeTCs HEU3MEHHBIMH BO BPEMEHH Mapa-
MeTpaMu mporecca. Takoi Mpolece YCTaHaABJIMBACTCS MPHU ITUTEIHLHOM MOJIEPKaHUU TeMITepa-
TYyp TEIUIOOOMEHUBAIOIIUXCS Cpell Ha OJHOM U TOM jXe ypoBHe. HecranmonapHslii mporecc
MpeACTaBISIET COO0M HEYCTAaHOBUBIIMNCS TETUIOBOM IMPOIIECC B TEJAaX W Cpelax, XapaKTepusye-
MBI U3MEHEHHEM TEMIIEPaTyphl B IPOCTPAHCTBE U BO BpeMeHH [2].

OCHOBHBIM 3aKOHOM, OIHCBHIBAIOIIMM IPOLIECCH TEIJIONPOBOAHOCTA B HAIEM HCCIEI0BA-
HUWU, SBISETCS 3aKOH Dyphbe, KOTOPBIH 17151 OJJHOPOTHOTO U30TPOITHOTO TeNa uMeeT BU 3]

e, T kAT +q,,
ot

rJie ¢v — TEIUIOTa, BBIACIsAeMas BHYTPEHHUMH MCTOYHUKAMH TECTUIOTH B €IUHUIIC 00bEMA B €1~
HUIY BPEMEHU, ¢ — yJIeJIbHas TEIIOEMKOCTh Tena (3TO TEIIOEMKOCTh €AMHUYHONM MacChl Bellle-
CTBa), YUCJICHHO paBHas KOJIWYCCTBY TEIUIOTHI, KOTOPOE HEOOXOIUMO TIepeaaTh CAMHUIHON Mac-
Ce TaHHOTO BEIISCTBA IS TOTO, UTOOBI €ro TeMIIepaTypa H3MEeHUIAch Ha equHuiy. B MexnyHa-
ponnoii cucreme enunun] (CU) yaenpHas temnoéMmkocts usmepsercs Jx/(xr-K). Munorma wuc-
MOJIB3YIOTCA M BHECUCTEMHBbIE equHHIIbL: kanopus/(kr-°C); A — oneparop Jlamnaca; K — koaddu-
LHUEHT TEIIONPOBOAHOCTH. Kod(h(HUIMEHT TEemIonpoBOIHOCTH YHCIEHHO PAaBEH KOJIHUYECTBY
TEIUIOTHI, IPOXOIAIIEMY Yepe3 OAHOPOIHBIA 0Opa3el] MaTepuaia CAUHUYHON JIUHBI U CAUHUY-
HOM ILIOIAJX 3a CAUHMILY BPEMCHHU NpH eauHHYHOM pasHuile Temnepatyp (1 K). B MexnyHa-
ponuoi cucreme enununl (CH) enuauntiedt nameperust KodGPHUIMenTa TerIONPOBOTHOCTH SIBJISI-
ercst Br/(m-K)). Jlnsg oqHOPOAHOTO M30TPOITHOTO Tejia KO (DHUIIMEHT TETUIONPOBOTHOCTH SIBJIS-
€TCsl KOHCTAHTOM, T.€. HE 3aBUCUT OT KOOPJIMHAT TOYKH U BPEMEHHU.

. oT
Jlis cranvoHapHO# TEIIONPOBOAHOCTH, KOTAa o 0, ypaBHEHHUE TEIJIOMPOBOAHOCTU UMeE-
t

eT BUJ

KAT +q, =0.

IIpy OTCYTCTBHM BHYTPEHHHX HCTOYHHKOB Temiothl, koraa ¢, =0, ypasrenne mis crammo-
HApHOH TEIIOMPOBOIHOCTH UMEET BUJL

AT =0.

Teoperuueckoil 6a30if OCHOBHBIX CTAlIMOHAPHBIX METOJOB OIpeneieHuss Kod(pHUIHeHTa
TEIUIONPOBOAHOCTH SIBJISIETCSl PEIICHHE OJHOMEPHBIX 3a]ad TEIUIONPOBOJHOCTH JS TEN Ipa-
BUJIbHOW reoMeTpuyecKoil (popmsl (MIacThHa, WIKHAD, 11ap). B Xoae skcnepuMeHToB n3Mepsi-
I0T TEIUIOBOM MOTOK, TEMIIEPATY Pl Ha MOBEPXHOCTSIX 00pa3la 1 €ro reOMETpUUECKHUE Pa3MepBI.

[TpenmyiecTBOM CTallMOHAPHBIX METO/OB ONPEAEICHUS TEIUIONPOBOAHOCTH SIBJISIOTCS MPO-
CTOTa pacyeTHBIX (POPMyYJI U HAIEKHOCTb MOJTYYaeMbIX PE3YJIbTAaTOB, & K HEIOCTaTKaM OTHOCSATCS
HE00XOUMOCTh NMPUMEHEHUs OOJIBIIOrO YHUCIa AATYMKOB TEMIIEPATYPhl M 3HAUMTENIbHbIE 3aTpa-
Thl BDEMEHU Ha BBINOJIHEHUE SKCIIEPUMEHTOB.

HccnenoBaTenbckas paboTa BBIIOIHEHA € MOMOIIBIO POTPAaMMBI B CUCTEME KOMIIbIOTEPHOM
anreOpsl Maxima 0.8.6. JlaHHas mporpaMma MoOJENHpPYeT HPOILECC TEIUIONPOBOAHOCTH Uepes3
TBepoe Teio [4].
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Lenbto uccienoBaHus SIBISETCS OMPENIETICHUE XapaKTepa 3aBUCUMOCTH TEMIIEpaTypbl BHYT-
U CTEHKH B JICTHUW W 3UMHHI niepuosl. VicxonHbIe JaHHBIC TPUBEICHBI B TA0I. 1.

Tab6mumna 1
0 Pacuer 1 Pacuer 2
X1, MM Ty, °C 5 0
Ty, 'C T, °C
5 18 30 -16

B xoje BbINoNHEHUs: IEPBOTO pacyeTa MoTy4YeHO YpaBHEHUE 3aBUCUMOCTH [ OT X

_lax

T +18.

Ha puc. 1 nmokazan rpaduk 3aBUCUMOCTH TEMIEPATyphbl OT TOJLIMHBI CTEHKH, ITOJYYECHHBII B
XO0JI€ PEIICHHS 3TOT0 YPaBHEHUS.

B XOJI€ BBIMMOJIHCHUA BTOPOIro pacucTa NnoJy4nusin YpaBHCHHUEC 3aBUCUMOCTU Torx

7 =18- %%,
5

Pemenue storo ypaBHeHUs npeAcTaBieHo rpadukoM 3aBUcUMocTd T = f(x) Ha puc. 2.

B Tabi. 2 mpencraBieHbl JAHHBIE 110 pacyeTy TOJIIUHBI POMEP3aHUS CTEHKH.

B nanno#t pabote ucciemoBaHa MOJETh TEIUIONPOBOAHOCTH TElNa B KOMITBIOTEPHOU TIPO-
rpaMmMe Maxima, ompezesieHa TONIIMHA MPOMEpP3aHUs CTEHKHM B 3UMHHUI MEpPHOJ MpHU OIpeje-
JIEHHBIX TeMIIEpaTypax U MOJYy4YeHO YPABHEHHUE 3aBUCUMOCTH TEMIEPATypPhl OT TOJIILIUHBI CTEHKH
B XO/I€ BBIITOJIHEHMS IBYX IKCIIEPUMEHTAJIbHBIX PACYETOB.

TaOmua 2
Pacuer 1 Pacuer 2
X, MM X, MM
- 2,5
T, °C
35
30

25 /
20 /

—
15
10
5
O T T T T T 1
0 1 2 3 4 5 d, mm

Pucynox 1 — I'paduk 3aBUCUMOCTH TeMIIEpaTyphl OT TOJIIHMHBI CTEHKH
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T, °C
20

15 \

. ~

; 0 1 2 \ 4 5 d, mm

Pucynok 2 — I'paduik 3aBHCUMOCTH TEMIIEPATYPhI OT TOJIIWHBI CTEHKU

PGBYJ'II)TaTI)I MMPOBCACHHOI'O 3KCIICPUMEHTA IMO3BOJIAIOT CACTIATh BLIBOA, YTO KOMIIBIOTCPHOC
MOZICIINPOBAHUC (l)I/I3I/I‘-IeCKI/IX mponeccoB, HCIIOJIBb3YCMbIX IIPU IMPONU3BOIACTBE BHCKTqueCKOﬁ u
TEIIOBOM SHEPTruu, MMoMoract O6y‘-IaIOIIII/IMC$I JIydme MOHUMAThb TCOPETUYCCKYIO YaCTh U YCIICII-
HO IIPUMCHSTH €€ Ha IIPAKTUKE.
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¢ noBepxHoct JIyHbl Ha opoUTY
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Computer simulation of the launch of a space module from the surface of the moon

Abstract. In the work, the Russian lunar program was considered, calculations and computer
graphics of the launch of the space module from the surface of the Moon were analyzed.

Keywords: lunar program, computer modeling, Maxima computer algebra.

Poccuiickast nynnas nporpamma ctaptyetr B 2021 r. Ilporpamma cocraBiena MHcTUTyTOM
kocmuueckux uccinenoBanunii (MKM) PAH no nopyuenuto Pockocmoca B 2014 r. UKW npennara-
€T WCIOJIb30BaTh JIyHy Kak HayYHBIA TIOJUTOH JUISI MACIITA0OHBIX aCTPOHOMHUYECKUX U Teo(u3u-
yeckux uccienoBanuil. [Ipeanaraercsa co3garh Ha JlyHe onTuyecKyio oOCEpBATOPHIO M aBTOMa-
TUYECKHUIN PaIUOTEIECKON-UHTEPPEPOMETP, COCTOSAIIUN U3 OTAEITbHBIX MPUEMHHKOB, pacipeje-
JIeHHBIX 110 oBepxHOCTH JIyHbl. [Iporpamma BriIro4yaeT B cedst TpU OCHOBHBIX 3Tana [1]:

e 1-i1 atam (2021-2025). Otpabotka Bcex TexHonoruit Ha MKC, co3ganue 6a30Boro Momay-

JI1 OKOJIOJTYHHOUM CTaHIIUH.

e 2-ii otan (2025-2035). OTpaboTka CpeACTB JOCTYyIa Ha MOBEPXHOCTH JIYHBI: MHIIOTUpPYE-
MBbI€ TTOJIETHI ¢ 00sieToM B 2026 T. 1 BbICaaKON KocMOHaBTOB (rocie 2030 roga; JmMTelb-
HOCTh — 14 cyT) Ha moBepXHOCTh JIyHBI 7151 CO3/1aHMsI U PAa3MEILCHUSI TIEPBBIX SJIEMEHTOB
nocenaemMoi 0a3sl.

e 3-if atan (mocne 2035 r.). Byner 3aBepieHO CTPOUTENHCTBO MOJHOIIEHHOHN MOCEeNaeMoi

JyHHOU 0a3bl.

Temaruka vccienoBaHUs MPEANONaracT MoAPoOHOE PACCMOTPEHHE BTOPOTO ATara JIyHHOU
nporpammbl. Kopabnb «Opem» paccuuTaH Ha aBTOHOMHBIN TOJIET 6 YJIEHOB DKUIAKa B TEUCHUE
30 nHei 1 npu MoseTe B cOCTaBe OpOUTANBHOM cTaHMu — 70 1 roga. Macca kopabist mpH mosiere
Ha OKOJIOJIYHHYIO opouTy OyAeT cocTaBisaTh 16,5 T, Macca Bo3BpamaeMon yactu — 4,23 1. Kak u
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npyrue paketsl, «Open» IpUBOIUTCS B IBM)KEHUE PEAKTUBHOM Troil JBUraTelis, oHa 00yCIIOB-
JIeHa OTJEJICHHEM OT KOpalJisi ¢ HEKOTOPOU CKOPOCThIO KaKOK-TO €ro YacTH (PEaKTUBHOE JBIIKE-
HUE OMUCBIBAETCSA, UCXO/ U3 3aKOHA COXpPaHEHUs MMITyjbca). B pakere mpu cropaHuu TOIUIMBA
rasbl, HarpeTble /10 BBICOKOW TEMIIEpaTyphl, BHIOPACHIBAIOTCS M3 COMJIA C OOJBIION CKOPOCTHIO
OTHOCHUTEIILHO PaKeThl. Y paBHEHHUE PEAKTUBHOTO JBUKECHUSI UMEET BUT [2 ]

m @ padn (M)

dt dt

VYpaBHEHHE IBIKEHUS BIOJIb pauyca JIyHbl B CTOPOHY OpOUTHI TyHHOU OpOUTAIbHON CTaHIHN

d’r dm
m——=F-u——, )
dt dt
mm, .
roe F= _7m . 3aBUCMOCTB MacCChI PAKEThl OT BPEMEHH onpeesiercs Gopmyrnon
m=my—pQ, p>0.

C yueTom BBeleHHBIX 0003HauUCHUH ypaBHEHHE (2) TPUMET BU:

d’r m u
, =77 £ > T P .
dt (r+R)  my—pt

Henbio uccnenoBanus sBIsSETCS yriyOJE€HHOE pacCMOTPEHUE M pacyeT dHepro3arpar Ipo-
1ecca, Mpu KOTOPOM KOCMHYECKHH MOIYJb, YIpaBsieMblii KOCMOHABTaMH, B3ieTaeT ¢ JIyHbI u
BBIBOAMTCS Ha €€ opouty. HyxHast opOuta Haxoautcst Ha pacctostHur 200 KM OT IOBEPXHOCTH
Jlynbl. Moaynbe TOMKeH BBIMTH Ha OpOUTY 3a MHTEpBAI BPEMEHHM, He MpeBblmaromuii 20 MuH,
IIpY MUHUMAaJIbHOM pPacxojie TOIUIMBA B €AUHMIY BPEMEHHU. Y CKOpPEHHE, KOTOPOE HCIBITHIBACT
KOCMOHABT BO BpeMs I0JIETA, He JOIKHO MpeBbimaTh 10 m/c?,

Jnist TIoucKa pemieH st CIeAyeT BEIYUCINUTG TA0IMYHYIO 3aBHCUMOCTh MEXKIYy Maccoi Kopao-
7151, BpeMEeHeM Habopa BBICOTHI U PACXO0JIOM TOIUIMBA. MUHUMAIbHBINA PACXO]l TOIIJIMBA B €AUHUILY
BPEMEHM BBIYMCIUTH C TOYHOCTBIO A0 AECATHIX €IUHUL. BpeMeHHON MHTEpBall MOAEIUPOBAHUS
nponecca paseH 20 MuH. B kauecTBe TOIUIMBA UCIOJIB3YETCS BOAOPOIHO-KUCIOPOAHAS CMECH.
CKOpOCTb UCTEUCHHS T'a30B JIs1 BOJOPOIHO-KUCIOPOIHOM cMecH paBHa 4500 m/c.

Jlns ompeneneHus MOJHOM KapTHHBI pacxojla TOIUIMBA OT M3MEHSIOUIEICS Macchl CleayeT
paccumuTaTh 3aTpaThl TOIUIMBA MIPU MACCE PAaKEThl 0€3 TOMOIHUTENBHOTO MoJie3Horo rpy3a (4,3 1)
Y 3aTEM C IPY30M, Macca KOTOpOro He AoJKHA npeBbimath S00 Kr.

Jlnis pacdera MCHOJIB30BalaCh MPOTpamMMa, CO3JaHHAs B CUCTEME KOMIIBIOTEPHOM anreOpsbl
Maxima, npeaHa3HA4Y€HHOH IS KOMIIBIOTEPHOTO MOJEIUPOBAHUSA (DU3HUECKUX IMPOIIECCOB U
IIPUPOJIHBIX ABIEHUN. Pe3ynbpTaThl pacuera npeacraBieHsl Ha puc. 1-6.

B pesynbTaTte pacdyeToB OBUTO HalIEHO, YTO BpeMs I0JIeTa OT MOBEPXHOCTH JIyHBI 10 OpOuU-
TaJbHOM CTaHIMM, Haxoxsmeics Ha BeicoTe 200 kM, coctaBuio 15,7 mun (cm. puc. 1). 13 rpa-
¢buka, mpencTaBIeHHOIO Ha pUC. 2, BUAHO, YTO MPH pacxoje TOIUIMBA B €AUHMILY BpemeHH 1,5
KI/C TIOJIHBIN pacxox ToruBa paBeH 1600 kr.

Pacuer sHeprozarpar 3arpy’k€HHOT0 KaKUM-TH00 000pyA0BaHHEM KOpabJis O0IbIIIe MacChl,
a uMeHHO 4800 Kr, aHaJTOrMYHO BBIBOAMM B BUJIE TPaHUKOB, IPEACTABICHHBIX HA pHC. 3 U 4.

B pesynbrare anaimza rpadukoB ObUIO HaWIEHO, YTO MPH YBEIUYCHHOW Macce, a UMEHHO,
npu Macce, paBHoi 4800 kr, BpeMs nojieTa OT MOBEpXHOCTH JIyHBI 10 cTaHIMKU cocTaBwio 19,6
MmuH (puc. 3). U3 rpaduka, nmpencraBieHHOTo Ha puc. 4, BUAHO, YTO MPU PACX0JIe TOTUIMBA B €1I1-
HUILy BpeMeHH 1,7 Kr/c momHbIi pacxon Torumsa paseH 2000 kr.
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Pucynok 1 — I'paduk 3aBHCHMOCTH PacCTOSHUS OT BPEMEHH
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Pucynok 2 — I'paduk 3aBHCUMOCTH pacxoaa TOIUIMBA OT BPEMEHHU
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Pucynok 3 — I'paduk 3aBHCHUMOCTH PacCTOSHUS OT BPEMEHH
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Pucynok 4 — I'paduk 3aBHCHMOCTH pacXxoAa TOIUINBA OT BpEMEHHU

Ha rpaduke, npencraBieHHOM Ha puc. 5, OTpaskeHa 3aBUCHMOCTh Pacxojia TOIIMBA OT pac-
CTOSIHMSI, Ha KOTOPOE MOJHUMETCS KOpalib MpU pa3IudHON Macce: CHHHM rpaduk OTpa)kaeT
maccy paketsl B 4800 kr, kpacHbiid — B 4300 kr. M3 pucyHKa BUIHO, YTO AJIS TOCTHKEHUS TPeOy-
€MO# BBICOTBI OpOUTHI KOPaOJII0 ¢ OOJIbIIIEH MacCOr HYKHO OOJIbIIE TOTUIMBA, YeM JJIsT KOpalJis ¢
menbInei maccoit (2000 xr mpotuB 1600 kr). ITOT PaKT MOKET CKa3aThCsA HA AJIUTEIHHOCTH aB-
TOHOMHOTO T10JIETa MOJIYJISL.

I'paduk 3aBHCHMOCTH pacxoja TOIUIMBA B €AMHUILY BPEMEHH OT MAacChl KOCMUYECKOTO KO-
palJIs HATJISITHO MMOKA3bIBAET, YTO TS KaXKIOM MacChl KOpalisi HEOOXOIUMO PacCYUTHIBATh COO-
CTBEHHBIN ONTUMATBHBIA PACXO] TOIUINBA B SUHUIY BPEMEHH, YTOOBI MUHUMHU3UPOBATh 00BEM
3aTpayeHHOTO TOIUIMBA MPHU BBIBEJICHUN MOAYJIs Ha opouTy B 200 kM (puc. 6).

2500

dm, xr

2000

1500 "

1000

500

50 100 150 200 h, xm

PI/ICYHOK 5 — 3aBHCUMOCTh pacxona TOmjianBa OT PACCTOAHUA
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PucyHok 6 — 3aBUCMMOCTh pacxoja TOIIMBA B €IUHUIYY BPEMEHH OT MacChl KopalJis
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CoJiHeYHbIE 3JIEeMEeHThl Ha OCHOBE MOHOKPHCTAJNJIHYIECCKOIO
H MMOJJUKPHUCTANIHIECCKOI0 KPEMHUSA

Annomayus. Ha cerofHsIIHUNA JE€Hb COJHEYHBIE JIEMEHThl HA OCHOBE KPHCTANTMYECKOrO
KPEMHHUS COCTaBIAIOT 0K0JI0 90 % BCero pelHKa IPOU3BOJICTBA KOMMEPUYECKUX COJHEYHBIX
aneMeHToB U uMeroT KIIJ[ ~20 %. PaccMoTpeHsl npenmMyIiecTBa U HEJOCTATKH ABYX OCHOB-
HBIX BUJIOB KPEMHMEBBIX COJIHEUHBIX AJIEMEHTOB: HA OCHOBE MOHOKPHUCTAJIMYECKOIO U IO-
JUKPUCTAJUIMYECKOTO KPEMHUS.

Kniouesvle cnosa: comHedHas 9HCPIrCTHUKaA, BO300HOBISIEMbIE MCTOYHHUKU OHCpPIruur, COJIHCY-
HBIC DJICMCHTBI HA OCHOBC KPECMHUA.

Nikita I. Mikhalchuk

Far Eastern State Technical Fisheries University, ENb-212, Russia, Vladivostok, e-mail:
nikitamihalcuk3@gmail.com

Scientific adviser — Illia A. Kurbatov, PhD

Solar cells based on monocrystalline and polycrystalline silicon

Abstract. Currently solar cells based on crystalline silicon account for about 90% of the
commercial solar cells production market and have the efficiency of ~ 20%. This paper dis-
cusses the advantages and disadvantages of two main types of silicon solar cells: based on
monocrystalline and polycrystalline silicon.

Keywords: solar energy, renewable energy, silicon-based solar cells.

BBenenue

3amachl HCKONIAEMOTO TOIUIMBA HA IIJIAHETE M0 HEKOTOPHIM MOACYETAM YEJIOBEUECTBY XBATUT
emé Ha ~50 JeT U ecau HaWAyTcs el 3amachl, TO s HUX NMOTpedyeTcs N0porocTosias paspa-
6otka. IIpu 3TOM YenmoBedeckrue MOTPEOHOCTH B YHEPTUU MOCTOSTHHO PACTYT, U JIIOJIM HE00XO0-
MO 3ayMaTbcs 00 aJbTEPHATUBHBIX UCTOYHHMKAX 3HEpruu. OAHUM U3 TaKMX MUCTOYHHKOB SIB-
JSIeTCs COJHLE, U M3-3a MPAKTUYECKH Oe3rpaHMYHOro 3araca COJIHEYHOM SHEepruu CTaHOBUTCS
PE30HHO UCIOJIB30BATh (POTORIEKTpUUECKHE ITPeoOpa3oBaTeNld U COTHEYHbIE 3JeMeHThI. [Ipu paz-
paboTke TexHoiorui coaHeuHoi snepretuku KIT/[ comHeuHbIX 371eMEHTOB OyAeT yBEIMYHBATHCS,
a CTOMMOCTB MX NPOU3BOJICTBA I1a/1aTh. 3a MOCIIE/IHEE JIECATUIETHE COTHEUHbIE OaTaper BCE valle
UCTIONB3YIOT B Pa3IMyHBIX cepax AesTeIbHOCTH. VX MOKHO MCIIOJIb30BaTh KaK HCTOYHHK DJICK-
TPUUECKON SHEPTUU Ha BBIE3HBIX MEPOIPHUITHSIX, IPUMEHSTHh B POJIM OCHOBHOT'O MJIM PE3EPBHO-
ro UCTOYHMKA IUTAHHS B XO3SAUCTBE M HE TONBbKO. Kpome TOro, HEKOTOpbIEe NEPENOBBIE CTPAHBI
MHTEHCUBHO pa3palaThIBalOT TEXHOJOTMU JUISl COJHEYHON PHEPreTHKH B MPOMBIIUIEHHBIX Mac-
mrabax, TeM caMbIM oOecrieunBasi ce0e He3aBUCUMOCTh OT MCKOIIaeMOI'o TOIIMBA.

1. CostHeYHDBIE MaHeIH

[Tonapnstoiee OOMBIIMHCTBO 000PYAOBAHUS, TPEOOPA3YIOIIETO SFHEPTUIO COTHEYHBIX JTyden
B 9JICKTPUUYECKUN TOK B OCHOBE CBOETO MPOU3BOJCTBA, MMeeT kpeMHui. K HacTosiieMmy BpeMeHu
Ha pbIHKE MOJ00HOH mpoaykuuu 6onee 90 % 3aHMMAIOT COJIHEUHBIE ITAHEIH, U3TOTOBJICHHBIC HA
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OCHOBE MOHOKPHUCTAJUIMYECKOIO0 KPEMHHUSA. DTOT BUJ COJHEYHBIX YHEPreTUYECKUX YCTAaHOBOK B
MEPBYIO oUepeb NMpeaHa3HAueH IS UCIIOJIb30BAHUS B YACTHOM XHJIOM QoHfe. Mcnonb3yemsblil B
MIPOU3BOJACTBE COJIHEUHBIX MOJYJIEW KPEMHHI MMEET pa3IMuHble CTENEHU OUMUCTKH. ['pamarus
JTAHHOTO MapaMeTpa, MPUCBAEMOr0 KaueCTBY KPEMHUS, YKAa3bIBA€T HA TO, KaK B CTPYKTYpE €ro
KPUCTAJUIMYECKOW PELIETKU yIOPsAI0YEHBI MOJIEKYJbl. B TaHHOM cilydae, 4yeM KauyeCTBEHHEU U
0osiee TEXHUYECKHU MPOJBUHYTO MPOU3BOACTBO KPEMHHUS, TEM Jydlle OyAeT yImopsIoueHa MoJe-
KyJIsipHasi CTPYKTypa MpOAYKINH, a 3HauuT, U Bbiiie KIIJ[ co3naBaeMbIx Ha €ro OCHOBE COJIHEU-
HBIX TaHeNlei. B OCHOBHOM TIpH CCBUIKE Ha ATOT (DAKTOP COJHEYHBIE YHEPTETHUSCKHUE YCTAaHOBKHU
U JICJISITCS Ha PA3JIMYHbIC BUBI U TUIIBI.

KoneuHno, 1o0uTbCs B MPOMBINUICHHBIX MaclITabax OTIMYHOW yHOPSAOYEHHOCTH MOJIEKY-
JSIPHOM CTPYKTYpPBI PEIIETKH KPEMHUS MOXHO TOJBKO Ha MPOU3BOJICTBAX C 00OPYIOBaHHEM U
MPOIECCAMU TEXHOJIOTMH Ha BBICOYAMIIEM YpPOBHE, 3TO OYEHb 3aTPaTHBIM M JIOPOTOCTOSAIIMI
npouecc. 13 3Toro MokHO clienaTh BbIBOJ, YTO CTENEHb OYMCTKU, KOTOPBIM IPOXOAUT KPEMHUH,
HE MMEET OINpEAESIIOUIEro 3HaueHus. bonee BeCOMbIMU NapaMeTpamu, BBICTYNAIOIMIMMHU Ha Iie-
peaHeM IUIaHe, B JIOCTUTAeMOW MPOU3BOAMTEIILHOCTU COJHEYHBIX 3JIEMEHTOB M ONpeIeNeHUs
BbIOOpa MpHU MPUOOPETECHUH KaK pa3 BBICTyMaeT mnpeanaraemas 3Q()eKTHBHOCTh UCTIOIb30BAHUS
MOJIE3HOM TUTOMIAAM 000y IOBaHHUS, €€ 00IIast S)KOHOMUYECKask Pe3yIbTaTUBHOCTh. Tenepn, HCXOIs
W3 OMHCAHHOTO BBINIE, MOXXHO MPUUTH K BBIBOJAM, YTO KPHUCTAUIMYECKUNH KPEMHHU BBICTYIIAET
OCHOBHBIM JICUCTBYIOIIUM 3JIEMEHTOM BCEX MPOU3BOIUMBIX CETOHS COTHEUHBIX JIEMEHTOB.

ConHeyHble 3JIEMEHTHI HA OCHOBE KPEMHHMSI MOXKHO pa3/IeJUTh Ha JIBA THIA: MOHOKPHUCTAJI-
JUYECKNE U MOJIUKPUCTAIINYECKHE.

Oco0eHHOCTH COJTHEYHBIX MaHeJIeil HA 0CHOBe MOHOKPHCTANINYECKOT0 KPpeMHMS

Jls conmHeYHON MaHeNnu BhIPAIIMBAETCS CHEIHAIBHBI MOHOKPUCTAT KPEMHHUS 1O CIIOCO0Y
Yoxpanabckoro. ITOT MaTepuan 00iagaeT BEHICOKOH CTOMMOCTBIO, HO U3-32 CBOETO BBHICOKOTO Ka-
YeCcTBa MOHOKPUCTAJUIMYECKUNA MOIyb umeeT Oompimuii KI1J[. MoHOKpHCTAIIIMUECKUE COJTHEY-
HBIC MTAHEH, COOPaHHBIE U3 OTJCIBHBIX KPEMHUEBBIX siueek, oonagaroT KIT ~20-22 %.

Jlyun cBeta, momajaas Ha TMOBEPXHOCTh MOHOKPHCTalIa KPEMHUS, MPUBOISIT CBOOOIHBIC
AJICKTPOHBI K HampaBlieHHOMY JBHXKEeHHIO. C 00eMX CTOPOH KpUCTAIAa K HEMY MPHCOCIMHCHBI
poBoja, uaynme kK nmorpedourento. KI1/[ Takoi miiacTUHBI BRICOK, TaK KaK B HEH JIydd COJIHIIA HE
paccenBaroTCs, a PABHOMEPHO PACHpPEAEIISIIOTCS MO BCEH MOBEPXHOCTH Kpucrtauia. [lnomans p-n
repexoJia B IUIACTUHE BEJIMKA, 32 CUET YEro 3JEKTPOHBI MPOHUKAOT U3 OJHOM 4acTH MOJyIpO-
BOJIHMKA B JIPYTYI0 O€CIPEnsITCTBEHHO.

OCHOBHOHM HEIOCTATOK TAKUX COJIHEUHBIX MaHeNel cBsi3aH ¢ ero ctouMocthio. Onu Ha 10 %
JIOPOXKE, UYEM UX aHAJIOTH HAa OCHOBE MOJMKPUCTAININYECKOTO KPEMHHUS.

Oc00eHHOCTH COJIHeYHBbIX MaHeJ el HA OCHOBE MOJHKPUCTAIHYECKOr0 KpeMHMS

Monynu CONMHEUHBIX Oarapeil, MPOU3BOAUMEBIE HA OCHOBE MOJUKPUCTAITMYECKHX KpEeMHUE-
BBIX DJIEMEHTOB, CO3JaHBI M BBIMYIIECHBI HA PHIHOK CPABHUTEIHHO JTaBHO. BriepBhie OHH OBLIN
npeioxkeHsl orpedurento eme B 1981 1. [Ipomecc mpou3BoacTBa AOCTATOYHO MPOCT, YTO 3HA-
YUTEJIBHO YMEHBIIAET UX CTOUMOCTh. BO BpeMsi MpOM3BOCTBA HE CTABUTCS 1EIb YIOPSI0YNBa-
HUS MOJIEKYJISIPHOU CTPYKTYpPBI PELIETKN KpeMHHUS. ICXOTHOE ChIpbe IUIAaBST U 3aJIMBAIOT B TOTO-
Bble ()OpMBI A7 OTNIMBKH. J[anee ocThIBIIME OJOKHM AENAT Ha MJIACTHHBI CTAaHAAPTHBIX pa3MepOB,
UMEIoLIe MpaBWIbHYI0 GopMy KBajapaTa. B pe3ynbTare Ha BBIXOAE MBIl UMEEM OTHOCUTEIILHO
HEJIOPOTHE U MPOCTHIE€ B UCTIOIb30BAHUH MMOJUKPUCTATUIMYECKUE MOJTYJIH.

ConHeyHble MMaHEeTU Ha OCHOBE MOJIUKPUCTAINIMYECKOTO KPEMHUSI UMEIOT PsiJl HEJOCTATKOB:

1. OHu nOABEPKEHBI CUIILHOMY BIIMSIHUIO MOBBIIIEHHBIX TeMIlepaTyp. B ornuuue ot aHano-
TUYHBIX COJIHEYHBIX 3JIEMEHTOB Ha OCHOBE MOHOKPHUCTAJUIOB BIIMSHHE BBICOKHX TEMIIEpaTyp Ha
MOJIMKPUCTAITNYECKHE TIAaHEIIM 3HAUYMUTEBHO BIUSET Ha CPOKHU CITY>KOBI BCE CUCTEMBI U CHIKA-
€T MokazaTesi MOIHOCTUA. OJTHAKO ATO BIUSIHUE HE BCETJa CTOJIb CYIIECTBEHHO M Ha HEM HE 3a-
OCTPSIFOT 0COOOTO0 BHUMAHHUSI.

2. Huzkast 3¢(eKTHBHOCTh HCITOJIb30BAHMS TOJIC3HOH Iiomaan. YToObl IOMYyYUTh HA BBIXO-
JIe T€ ’K€ MOKAa3aTeJId MOIHOCTH, YTO ¥ Y MOHOKPUCTAJUIMYECKUX MaHeNeH, IPUIETCS UCIOJIb30-
BaTh 0OJIbIlIEe KOJTMYECTBO MaHEeH.

3. Huzkoe 3nauenue KII/I. /Ins nmaneneid Ha ocHOBE MONMKpUCTaIInYeckoro kpemuus, KII1/]
Bapbupyercs ot 13 10 18 % (npotus 20-22 % y MOHOKpHUCTAIIIMUECKUX MaHENeH).
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2. KoHCTpYKIUS ¥ MPUMEHEHHE COJTHEUHBIX NaHeIeil HA 0CHOBE KPeMHHSA

KoHCTpyKIMS COTHEYHOTO 3JeMEHTa MoKa3aHa Ha pucyHke. OH COICPKHT: NOMYNPOBOOHUK,
KaK MPaBUJIO, MOHO- WY MOJIMKPUCTAITMYECKUN KPEMHHUH, TOTIOTHEHHBIA PYTUMU XUMUYECKH-
MU COCIMHEHUSMHU, KOTOPBIE CIIOCOOCTBYIOT 00pa3zoBaHuio (orodnekTpuueckoro sddexra; osa
Mamepuana ¢ pasHou nposoOUMOCHbIO, 33 CYET YeTO MEXIY HUMHU MPOUCXOTUT TIOCTOSTHHOE Tie-
peMeIeHre IEKTPOHOB (P-N-TIEPEX0]); NPOKIAOKY — TOHYANIIEE MOKPBITHE, KOTOPOE MPETIST-
CTBYET CBOOOHOMY JIBIDKCHHIO DJICKTPOHOB, HAXOIUTCS MEKIY CIOSMH TOJTYIPOBOIHHUKA; UC-
MOYHUK 91eKmpOoIHepeuut, IPU TOAKITIOUEHHH KOTOPOTrO K MPOKIAJIKE 3JIEKTPOHBI MPUOOPETAIOT
CIOCOOHOCTH €€ MPEOI0NIEBaTh — B PE3yJIbTAaTe ATOr0 BO3HHUKAET YIOPSAOYCHHOE JABIDKEHHE 3a-
PSKEHHBIX YaCTHII, COOCTBEHHO, TEHEPUPYETCS DIEKTPUIECCKHUH TOK.

TexctypupoBanHas

BCpXHHI/I KOHTAKT ==y HOBEPXHOCTD

ITpocsersroniee
MMOKPBITHE \

n*-o6macte —__§

Si p-Tuna ~4
TeUILHBIIT
HOTEHIIHAIbHBIH

capeep e

Huxnuii koHtakt —

CxeMaTtudeckoe I/I306pa)KeHHe COJIHCYHOI'O 2JICMCHTA Ha OCHOBC KPEMHUA

Kpome 0CHOBHOTO COTHEUHOTO 3JIEMEHTA COJTHEUHBIE MTAHEIN TAKXKE UMEIOT: AKKYMYIAMOp —
JUIS HAKOIUIEHHS TIOJyYEHHOW 3JIEKTPOIHEPIUU; KOHMPOLLep 3apsAda — BBINOIHAET (YHKIHIO
pacripesienuTelis MOTOKOB IEKTPUUECKONW SHEPTUH; uUHEepmop — UCHOIb3yeTcs Ui TpaHchop-
Maly IIOCTOSSHHOI'O TOKa B HepeMeHHI)IfI.

JUJ1s MCTIONIb30BaHUs COJIHEUHBIX OaTapeil B KaueCTBE OCHOBHOT'O MCTOYHUKA HJIEKTPOIHEPTUU
BaYKHO, YTOOBI KOJMYECTBO SICHBIX AHEHW ObLIO Oousblie, yeM nacMypHbIX. Ilo 3Toil mpuunHe B
OOJIBIIMHCTBE PETMOHOB HAIIeW CTpaHbl MOJ00HBIE YCTAHOBKM HCHOJB3YIOT MPEUMYILIECTBEHHO
KaK BCIIOMOTI'aTCJIbHBIC.

Buemnuii Bug nepsoe, uto Opocaercs B ria3a. MOHOKpUCTANIMYECKHUE SUEHKH UMEIOT (op-
My KBaJpaTa CO CPE3aHHBIMU YIJIaMU U OJHOPOJHYIO IOBEPXHOCTh. CBSA3aHO 3TO C OCOOEHHO-
CTSIMM TIPOM3BOJCTBA M KPHUCTAJUIMYECKOM CTPYKTYphl MOHOKpHUCTaioB. Ilpum BbeIpamuBanumn
KPUCTAJUIOB KPEMHHUS TOJYYarOTCs 3aTOTOBKH LIUJIUHAPUYECKOU (OPMBI, KOTOPBIE TIOCIIE Nalb-
Heimeil o0paboTkM Hapes3aroTcs Ha KBaJpaTHbIE IUIACTHHBI. A PaBHOMEPHOCTh HMOBEPXHOCTH
OIPENEIAETCS CTPOroi KPUCTAININYECKON CTPYKTYPOM 3arOTOBKH.

3akaoueHue

ConHevHbIe TTaHEIM Ha OCHOBE MOHOKPHCTAUIMYECKOTO U MOJUKPUCTAITMIECKOTO KPEMHUS
NPUMEHSIOTCS B 3aBUCUMOCTU OT YCJIOBUH M BO3MOXKHOCTeH motpedutens. Ecnu umeercst nedu-
AT TOJIE3HON TUIOMIA/IH, TO JIYUIIIe UCIIOIh30BaTh MOHOKPHUCTAITMIECKUE MTAHEIIH, KOTOPBIC BbI-
JanyT OOJBIIYI0 MOIIHOCTh C HAaMMEHBIIEH MCIOJIb3YeMON IUIOIMab0 moBepxHOCTH. Ecnu mo-
TpEOUTEIIS HE BOJIHYET 00bEeM 3aHATOM TUIOMIAIH, TO MPEANOUYTEHNE OTAACTCS MOJUKPHUCTAIIITNYC-
CKHUM IIaHCJISIM.

Kpome comHeYHBIX 3JIEMEHTOB Ha OCHOBE KPEMHUS CETOIHS MPOBOIAUTCS MHOXKECTBO TMPHU-
KiIIaIHBbIX U q)yHl[aMeHTaJIBHBIX I/ICCJIGI[OBaHI/Iﬁ COJIHCYHBIX JJICMCHTOB I[pyI‘I/IX TUIIOB: opraHqu-
CKHE COJTHCUHBIE 3JIEMEHTHI, COJTHCUHBIE 3JIEMEHTHI Ha KBAaHTOBBIX TOYKAX, HA TOPSYUX AJIEKTPO-
Hax, C pa3JIeJICHUEM COJIHEYHOTO crekTpa W ap. Ha Tekymmuii MOMEHT COJIHEUHasi SHEpPreTHKa
XKAET 3HAYUTEIBHOTO POCTa, KOTOpasi OyJeT cBs3aHa ¢ (PyHIaMEHTaIbHBIMH HCCIICIOBAHHUSIMU
HpOHGCCOB B HOBBIX COJIHCYHBIX JJICMCHTAX. B03MO)K€H U CKadoK, CBSISaHHBIﬁ C HpI/IK.Ha,Z[HbIMI/I
MCCIIEOBAHUAMU, HO B JIIOOOM CiTydae Pe3Koe pa3BUTHE COTHEYHOM YHEPTETHKH HEN30EKHO.
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CoBepuieHCTBOBaHHME TEXHOJIOTHH M Opranu3anuu cepBucHbIx yeayr T u TTMO

Annomayus. TeXHUUECKUI CepBUC — OJMH U3 HauboJiee MPOTPECCUBHBIX BUIOB KOMILIEKC-
HBIX YCJIYT, OKa3bIBA€MBIX MOTPEOUTENIO B MPHOOPETEHUH, BHICOKOIIPOU3BOIUTEIHLHOM HC-
MOJIb30BaHUH, KBAIU(DUIMPOBAHHOM OOCITY)XKMBAaHMM M PEMOHTE CPEACTB MAIIMHOCTPOU-
TEIBHOTO MTPOU3BO/ICTBA.

TexHnueckuii cepBUC 00ECIEeYNBAaET MAKCHMAaJIbHOE COKPAICHHE IMOTEPh, BOZHUKAIOIINX
IpY SKCIUTyaTallid MAaIIMH U 00OPYAOBaHUS MO TEXHUYECKHM MPUYMHAM, a TaKXKe MaKCH-
MaJbHYI0 PEAIM3ALUI0 UX TOTCHIUAIBHBIX BO3MOXXHOCTEH 110 HAJCKHOCTH.

Kntouegvie cnosa: cepBuC, TEXHUYECKUN CEpBUC, OOCITYKHBaHHE, HKCIUTyaTalusi, TEXHUYE-
CKoe 00cCIy)XKMBaHUE, 3aBOJI, TIPOMU3BOJAUTENH, MAIIUH U O0OpYJIOBaHUS, PEMOHTHBIA 3aBO/I,
PEMOHTHAasI MacTEePCKasi, MyHKT TEXHUYECKOTO 00CITyKUBAHUS.

Stanislav Yu. Bzenko

Far Eastern State Technical Fisheries University, ETb-212, Russia, Vladivostok, e-mail:
sbzenko@mail.ru

Scientific adviser — Alexander 1. Skadyn, PhD, Associate Professor

Improving the technological process of anti-corrosion protection of cars

Abstract. Technical service is one of the most advanced types of integrated services provided
to the consumer in the a.cquisition, high-performance use, qualified maintenance and repair
of machine-building equipment. Technical service provides the maximum reduction of losses
that occur during the operation of machines and equipment for technical reasons, as well as
the maximum realization of their potential reliability.

Keywords: service, technical service, maintenance, technical, operation, maintenance, plant,
manufacturer of machinery and equipment, repair plant, repair shop, maintenance point.

B nacrosimee BpeMs BciieACTBHE peOpMHpPOBaHUS IKOHOMUYECKUX B3aMMOOTHOILIECHUH B

IMMPAKTHUKEC HIUPOKO UCIIOJIB3YETCA TCPMUH «TEXHUYECKHI CCPBUCH.

TepMuH «cepBUCH SABISIETCS CAHOHUMOM TEPMHHA «00CTyKHBAaHUE» U O3HAYaeT paboTaTh 10

YAOBJICTBOPCHUIO YbUX 0o HYXX]J[ OKa3bIBaTh YCJIYT'H KIIMCHTAM, IpCajIaracMbIC OpraHnu3alusaMu.

TepMI/IH «TEXHUYECKUI» MMPEaACTaBJIACT coboit COBOKYITHOCTb O6T>CKTOB, Ha KOTOPBIC

HamnpaBlieHbl pabOThl, CBSI3aHHBIE C OOCTY>KMBAaHMEM B MEXAYHAapOIHOW MPaKTHUKE MAallHMHO-
HCIIOJIb30BaHUS.
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TepMUH «TEXHUYECKUN CEPBUCY TPAKTYETCS KaK KOMIUIEKC YCIYyT, OKa3bIBaeMbIX MOTpEOU-
TEI0 B MPHOOpeTeHNH, 3P PEeKTUBHOM UCIIONB30BaHUH H MOJAEPKAaHUU B pabOTOCIIOCOOHOM CO-
CTOSIHUU B TEUCHHE BCETO CPOKA IKCIUTyaTal[i MAIIMHBI, a TAK)KE €€ YTHIN3alUH 110 UCTCUCHUH
CpOKa CITY>KOBI.

B cBsi3u ¢ 9THM OmpeeNieHbl OCHOBHBIE 3aJau M (DYHKIIMU TEXHUYECKOTO CEPBHCaA, KOTOPHIE
IpeJICTaBJIeHbI Ha puc. 1.

Texanveckuii cepBrUC — OJMH U3 HanOOJIee MPOrPECCUBHBIX BUIOB KOMIUIEKCHBIX YCIIYT, OKa-
3bIBAEMBIX MOTPEOUTEII0 B MPHOOPETEHNH, BHICOKOITPOU3BOIUTEILHOM HCIIOIh30BAHNH, KBAJIU-
(GUIIpoBaHHOM 00CTYKMBaHHH Y PEMOHTE CPEJCTB MAITHHOCTPOUTEIEHOTO IIPOU3BOJICTBA

| CuHcTemMa TeEXHUYECKOTO CEpBHCﬂ‘

Il

| Ycnyru TeXHU4ecKoro cepsuca ‘

[

J

|

I

OpraHusauua OpraHusauus ObecneyeHue YTunusauus
obecneyenuns 3¢phexTnBHOrO paboTtocnocoGHOCTH TEXHUKM
TEXHUKOW noTpebutenen UCMOMb30BAHWUA TEXHUKN TEXHWUKH
-MapKeTUHr, peKknama; -TeXHomnorus -o6ecneyexne "Clincanue,
-KOHCYNbTauuA: MeXaHU3MpOoBaHHbIX 3anacHbIMU YacTaMK; "PELMKIHAT
-opraHnsauua pabor; -TeXHu4yeckKoe
nocTaBoK; -ONTUMU3aLUA obcnyxuBanue;
-Kynnsa-npoaaxa; CTPYKTYpbI NapKa -XpaHeHue;
-Nnpokar; MalliuH; -PEMOHT:
“MM3NHT; -o0ecneyexve -peHoBaHuA
~TPEAAWHT; TOMMUBO-CMa304HbIMK (BOCCTaHOBNEHUe
-00yyeHne npaBunamM MaTepuanamu; netaneu;
3KcnnyaTaluu, -TEXHOJIOTM4eCKoe -MoJiepHU3aLua
-npegnpogaxHoe obcnyxuBaHue (THOHMHT)
obcnyxusaHue

Pucynoxk 1 — TexHUUECKHN CEPBUC B CUCTEME HHKEHEPHO-TCXHUIECKOTO 00CCTICUCHUS

CepBrcC 1 TEXHHUYECKAs SKCIUTyaTallKsl MAIIUH BKJIIOYAET B CeOs:

- pexnamy;

- CBOCBPEMEHHYIO M TOCTOBEPHYIO HH(POPMAIIHIO O HOBOM TEXHHKE;

- 000CHOBaHHUE 11e71eco00pa3HOCTH €€ 3aKa3a WM MPHOOpeTeHus: MPUMEHUTEIbHO K TpeOo-
BaHUSM MTOTPEOUTEIS;

- MPeaNnpoJaXHYI0 TMOArOTOBKY W MPOJAXy MAaIllMH M 3alacHBIX 4acTell, JOCTaBKy, TpaHC-
HOPTHBIE YCIIYTH;

- MOHTaXX U ONpoOOBaHUE TEXHUKU;

- 0e3yCIIOBHOE M MOJIHOE 00eCIIeueHUe 3aaCHBIMU YacTMU CMEHSIEMBIMU OJIOKaMH, y3J1aMH,
arperatamu;

- TEXHUYECKOE 00CTYKMBaHKE B MPOLIECCE IKCIUTyaTalluy MAIIMH U 000PY0BaHUS;

- OKa3aHWE PEMOHTHBIX yCJIYT, BKJIIOYas GUPMEHHBIH PEMOHT 0CO00 CJIOKHON M OYHOM TeX-
HUKH Y3JIOB U arperaTos;

- IpeA0CTaBICHUE MAlIH HAIIPOKaT;

- cllaya MAaIlMH B apeHy;

- o0yueHue KaJpoB MOTpeOUTENs MeToAaM M mpremMaM 3(PGEeKTHBHOTO HCIIOIB30BaHMS 00-
CIIy>KMBaHUSI PEMOHTA TEXHUKHU U T.1.

CepBuc — yciyru, npejaraeMble OpraHu3aisiMi CBOUM KITUEHTaM.

TexHUUECKUi CepBUC — 3TO KOMIUIEKC YCIyT mo obecnieueHuo 3(pPeKTUBHON TeXHUYECKOH
AKCIUTyaTaluu, puc. 2.

[IpennpusaTus TEXHUYECKOrO CEpBUCa:

- 3aBOJI-IIPOM3BOUTEINH MAIIUH U 000PYA0BaHUS;
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- PEMOHTHBIH 3aBOJ;
- peMOHTHaH MaCTepCKaSI CHCI_[I/IaJII/I?)I/IpOBaHHaSI NJIn 06H.[€FO Ha3Ha4YCHUA,
- IMYHKT TEXHUYECKOTO OOCTYKUBAHMUS.

Pucynok 2 — Yuacrok Texanueckoro cepsuca [1TO

TexHn4YeCKuil cepBUC B CBOEH OCHOBE MPEAIOIIAracT AJIUTENbHbBIE TPOU3BOJCTBEHHBIE CBSI3U
B IICTIOYKE POU3BOIUTENB-TIOTPEONTENb, OCHOBAHHBIC Ha OOIIMX HHTEPECAX U B3AaMMHOW BBITOJIC.

JIOCTUTHYTh TakHX CBsi3€il ObIBaeT KpaliHEe TPYIHO MO CIEAYIOIIMM IPUYHHAM:

- HEIOCTaTOYHO BBICOKOE KaYECTBO MPOU3BOAUMON ITPOTYKIIHH;

- HeCTaOMIIBHOCTB oOecniedeHus: chephl FIKCIUTyaTalluy 3allaCHBIMU YacTsIMM;

- OTCYTCTBHME ACHCTBEHHOTO MEXaHMW3Ma MaTE€pPUAIbHOW 3aMHTEPECOBAHHOCTH U MOPAJIBHOU
OTBETCTBEHHOCTH CTOPOH.

TexHMUECKUH cepBHC BO BCEM MHOTOO0OpPa3HH OPTaHU3AIMOHHBIX (HOPM €CTh HEOTBPATUMOE
CJIEJICTBUE Ka4E€CTBA BBIITYCKAEMOW TEXHUKH.

PeasibHOE KauecTBO M3JENMI pacCMaTPUBAETCS KaK yCIIOBHE, ONPEIEIAIONIEe PA3BUTHE CEp-
BHCa, MHOrooOpa3ue (popM ero nposiBICHUM.

KadecTBO — 3TO COBOKYITHOCTH CBOWCTB M XapaKTEPUCTHUK MPOAYKLIUU MU YCIyT, KOTOPBIE
HOPUIAIOT UM CHOCOOHOCTh YAOBJIETBOPATH 00YCIIOBIEHHBIE UMU IIpEIoIaraeMble MoTpeOHOCTH
noTpeouTes.

Jns oGecrieueHust paboOTOCIIOCOOHOCTH MAIIHMH B SKCIUTYaTallMOHHBIX YCIOBUAX UCIOIb3YyET-
Cs1 BECh KOMIUIEKC PEMOHTHO-00CTYKMBAIOIIUX BO3JCHCTBUN:

- BXOZIHOM KOHTPOJIb;

- IPEANPOIaAXKHOE TEXHUYECKOE 00CITy)KUBaHHE;

- TeXHUYECKOoe 00CIyKUBaHHUE C IPUMEHEHHUEM METOJIOB U CPEICTB AMArHOCTUPOBAHUS;

- TEKYIIIMI PEMOHT;

- KallUTAJIbHBIA PEMOHT;

- XpaHEHUe.

OcHOBHBIE HaNpaBIEHUS AEATEIbHOCTU NPEAIPUATHN TEXHUYECKOTO CEPBUCA, PUC. 3.

bonbpmoe 3HayeHNE B CUCTEME TEXHUYECKOTO CEPBUCA NMEET €€ pallMOHAIbHAS OpraHU3aLlns,
MaKpOIPOLIECCHI, 3aKITF0YAIOIIAsACS:

-B OCYIIIECTBJICHHH OCHOBHBIX BUIOB padoT;

- obecrieueHNH pallMOHAIBHBIX (POPM OpraHu3alu padoT;

- GOopMHPOBAaHUY M UCTIOIB30BAHUN PEMOHTHO-00CITYKHBAOIIEH 0a3bl M SKCIUTyaTallMOHHBIX
MaTEpUasoB;

- YIIpaBJICHUH ITPOU3BOCTBEHHBIMU IIPOLIECCAMM;

- OpraHu3aluy TpyAa EPCOHANa;

- (puraHCOBOM M MHPOPMAITMOHHOM O0ECTICUCHHH.
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P HUCYHOK 3 — OcHOBHBIC HaIrpaBJICHUA ACATCIbHOCTU Hpe,E[HpI/ISITI/Iﬁ TEXHUYCCKOTO CEpBHUCa

Texuuueckuit CCPBUC NOJIKCH obOecreurnBaTh MaKCUMAaJIbHOE COKpall€eHUueC NoTCpb, BO3HUKA-
IOMUX IIpU IKCIUTyaTalkuu MalllH U O60py,I[OBaHI/I$I M0 TCXHUYCCKUM IpPHUYINHAM, a4 TaAKXKE MaK-

CUMAJIBHYIO pCAJIM3alUI0 NX NOTCHIHUAJIBbHBIX BO3MOXKHOCTEH 110 HaaCKHOCTH.

Takum 00pa3oM, MOXKHO KOHCTaTHPOBATh, YTO OPraHM3alUsl TEXHHYECKOTO CepBHCA B CO-
BPEMEHHBIX YCIOBUSIX TpeOyeT 000CHOBAaHHOTO HAYyYHOTO IMOJAXOa, obecreuuBaromero 3¢ gex-
THBHOE HCII0JIb30BaHHE TPAHCIIOPTA M TPAHCIIOPTHO-TEXHOJIOTHYECKOT0 000pYy/JOBaHUS MapKa.

B YCIIOBUAX OTrPaHUYCHHOI'O0 KOJIUYCCTBA MOCTaBIIEMOM TEXHUKHU JJId pa3JInIHbIX OTpaCJ’IefI
HapOJHOTO XO35iCTBAa ¢ JOPOTOBU3HBI U HEJOCTATKa JICHE)KHBIX CPEJICTB y TOBAPOIPOU3BO/IH-

Teaen OIpOMHOC 3HAUYCHUC HpI/IO6peTaIOT KOMIIJICKTHOCTh U HAAC)KHOCTh MAalllMH.

PannonanbHas opraHu3anus TEXHUYECKOTO 00CITYKUBAaHUS U PEMOHTA MAIIUH U 000py10Ba-
HUS Ha OPEINPUATUAX C Pa3TUYHBIMU MTPOU3BOACTBEHHBIMU MPOrpaMMaMH JIOCTUTAETCS MO CXe-

Me, PEJICTaBICHHOM Ha puc. 4.

CucTtema opraHmsaunmn TO n peMoHTa

E

|

CospgaHne HeoBXxognMbIX YCNOBHUA ON1A BbINOMHEHWA

i
i

i

i

1

nepcoHan

|
|
Mnax nposegeHUA ; Mecto npoBeneHnA
TO n peMoHTa ; TO v peMoHTa
§
|
1
|
i
PeMOHTHO- TEXHUYECKNIA

TexHonorn4yeckoe
OCcHaleHue,
obopygoBaHne,
WHCTPYMEHT,
npubopsbl,
OocHacTKa

Pucynok 4 — Opranusanusi TEXHUIeCKOT0 00CIy>KUBaHHUS U PEMOHTA MAIllH U 000pyI0BaHUS

114




K nanbosnee pacnpocTpaHEHHBIM U3 HUX OTHOCAT METO/bl YHUBEPCATIbHBIX U CHEIUAIU3HPO-
BaHHBIX IIOCTOB, IOTOYHBIH METOI.

MeTto1 yHUBEpCAJIbHBIX [TIOCTOB

OTOT METOA MpeyiaraeT TaKyr OpraHU3alMI0 MPOU3BOACTBEHHOTO Ipoliecca, MpU KOTOPOU
BECh OCHOBHOI 00beM onepaiuii o peMoHTy uian TO MamuHbl IPOBOAAT OT Hayasia J0 KOHIA
Ha OJIHOM IIOCTY, OJHHM HCIOJHHUTENIN — 3TO camasl MpocTas, HO MpU MajbIX 00bemMax paboThI
Hen30exxHas popma opraHu3alu peMOHTHOT'O ITPOU3BOICTBA.

MeTto/1 cienManu3upOBaHHbIX [TOCTOB

Takoll MeTOJ OCHOBAaH Ha PA3LCJIICHUM TPyJa UCIOJHUTEIEH 110 PEMOHTY OTACIBHBIX CO-
CTaBHBIX YacTeW MAIIMHBI C Y4ETOM UX (YHKIMOHAIBFHOTO Ha3HAUYCHUS (BUTATENh, KOPOOKa me-
penay, 3agHUI MOCT U T.I.), @ TaKK€ MO BBIIOJHEHUIO TEXHOJOTHYECKH OJHOPOJIHBIX padoT
(ouncTKa MalmIMH ¥ WX COCTAaBHBIX YacTed, TUArHOCTUPOBAHHE, NePEKTaIHs, KOMIICKTOBAaHHUE
cOOpOYHBIX €IMHUIL, o0mIast pa3dopka U cOOpKa MalINMHBI, MEXaHUYECKUE, CBAPOUYHO-HAIIABOY-
HbIE, Ky3HEYHO-TEpPMUYECKHE, 000MHbBIE, 00KATOYHBIC, OKPACOYHBIC U APYTHE pabOTHI.)

[TorounsbIit MeTO

[ToToyHOCTH OpraHM3anMM IPOU3BOACTBEHHOI'O IPOLECCA PEMOHTA MAIUUH IPEAINOIAracT
€ro pacuJiCHEHHWE Ha OTJAEJIbHbIE TEXHOJOTMYECKHE MPOLECChl M OIEpaluy, BBINOJHSIEMBIE C
NPUMEHEHHEM CIICIUATU3UPOBAHHOTO 000pYyIOBaHHS Ha MOCJIEI0BATEIBHO PACIIONOKEHHBIX pa-
004MX MeCTax MOTOYHBIX JTHHHUSAX.

IToTO4YHO-Y3710BOM PEMOHT

Jlis Takoro peMoHTa XapakTEpHO HalM4He MPOCTEHIIEro KOHBeWepa, MCIONb3yeMOro Kak
TPAHCIOPTHOE CPEJICTBO HA KOHBEWEpe, KPOME TOTO, BBITIOIHAIOT PEMOHT paM U COOPKY MalluHbI
C HCIMOJb30BaHUEM COOPOUYHBIX €IWHUIl M arperaToB, OTPEMOHTHPOBAHHBIX Ha CIEUUATH3UPO-
BaHHBIX pabOYHNX MECTax.

VY3510BOM PEMOHT

PemOHT MammHBI pa3feseH Ha 4acTH, MPEACTABISIOIME 3aKOHYEHHBIM MpollecC pPeMOHTa
COOpPOYHBIX €IUHUII, MAIIMHY Pa3OMparoT Ha CICHHAIU3UPOBAHHOM pabodyeM MecTe, B 3aBHUCH-
MOCTH OT NPOTPAMMBI Ha 3TUX K€ pabOoyuX MeCTax MOTYT MPOBOJUThH U OUUCTKY.

NuauBryanbHO-y37I0BOM METOI PEMOHTA

Cy1ecTByIomuyid paHee OpUTaHO-Y3JI0BOM METOJ OpraHMU3allii 3aMEHEH WHIWBHIYaIbHO-
Y3JIOBBIM, B 3TOM CITydae pa3z00povYHO-COOPOYHBIE PAOOTHI BHIIOIHSIOT BOJUTEIH C PEMOHTHPY-
€MOM MAILIVHBI.

Pa3HOBHIHOCTD 3TOTO METOJIa — PEMOHT, IPU KOTOPOM HCIHOIB3YIOT COOPOYHBbIE €IMHHUIIBI,
PEMOHTHpPYEMbIE Ha CIIEHUATU3UPOBAHHBIX MPEANPUATHIX, pa300pOUHO-cOOpOUHbBIE PAOOTHI BbI-
MIOJIHSIIOT B XO3AKMCTBE MEXaHU3AaTOPHI, pabOTaroIIKe Ha MaIlIuHE.

MenkocepuitHbli U € IMHUYHBIA CLIOCOOBI pEeMOHTA

[Ipy MenkocepuilHOM METOAE MYCKAaIOT B MPOU3BOJICTBO MAPTHH JECTAICH HAa CMEHY WIIH
MIOJICMEHBI, @ UHOT/Ia ¥ Ha HECKOJIBKO THEH JUIsl KaXKAOoW U3 JeTallel MpeayCMOTPEHbl CrelHalb-
Has OCHACTKA U U3MEPUTEIIbHBIN HHCTPYMEHT.

B MHpOBO# IPAKTHKE CIOKWIACH OCHOBHBIE BApUAHThl OPraHU3alMU CUCTEMBI CEpBHCA:

- CEpBUC BEAETCS UCKIIOYUTENIBHO MIEPCOHATIOM ITPOU3BOIUTES;

- CEPBHC OCYILECTBIIACTCS MEPCOHATIOM (DHUITHATIOB IPEANPUATHI-U3TOTOBUTEIIS,

- CEpBUC MOPYYAETCS HE3ABUCUMOMN CIICIIMATM3UPOBAHHON (hupMme.

Takum 00pa3oM, TEXHUYECKHH CEPBHUC JOJDKEH 00ECTIeYMBATh MaKCHMAaJIbHOE COKpAIICHHE
M0TEPb, BO3HUKAIOIIUX MPH SKCIUTyaTalluy MAaIIUH U 000pyIOBaHUS MO TEXHUYECKUM MPUYHHAM,
a TaKK€ MAaKCUMAaJIbHYIO PEeaIM3aliio X MOTEHIUAIBHBIX BO3MOXKHOCTEN 110 HAIC)KHOCTH.
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IIyTn peanu3zanynu KOHIENIUH CHCTEMbI TEXHOJIOrH4Yeckoro obopynosanus TP
B 0T€YEeCTBEHHOM MPAKTHKe

Annomayus. OOIeN KOHIENIUEH noaaepx anus 000pyI0BaHUS B UCIIPABHOM COCTOSIHUU H
IOCTOSIHHOW pabO0TOCIOCOOHOCTU SIBJII€TCSI BHEAPEHHE CHCTEMBbl ILIaHOBO-IIPENyNpean-
tenbHOro pemonra (IIIIP). B nemsax peanusanuu xonuenuuu cucremsl! [P Ttexnonornue-
CKOro 00OpyJ0BaHUs pa3padOTaHbl PEKOMEHAALNHU C YY€TOM HOBBIX SKOHOMHYECKUX M IIpa-
BOBBIX YCJIOBUH B TEXHMYECKOM ILJIaHE, TPEOOBAHUS K TEXHOJOTMYECKOMY 00OpYIOBaHUIO,
MalIMHAM U CUCTEMAaM.

Kniouesvie crosa: xoHuenuus, o060pynoBaHue, pEMOHT, TEXHUYECKOE 00CITy)KHBaHUE, CUCTE-
Ma, TEXHOJIOT U, INTAHOBO-MIPEyIPEAUTENbHBIN XapaKTep.
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Ways to implement the concept of the system of PPR of technological equipment
in domestic practice

Abstract. The general concept of maintaining the equipment in good condition and constant
working capacity is the introduction of a system of planned preventive maintenance. In order
to implement the concept of the PPR system of technological equipment, recommendations
have been developed taking into account the new economic and legal conditions in technical
terms, requirements for technological equipment, machines and systems.

Keywords: concept, equipment, repair, maintenance, system, technology, preventive planning.

OO01melt KOHIENIUEH o IepKaHusl 000PYIOBAaHUS B UCIIPABHOM COCTOSIHUM W TTOCTOSTHHOM
pabOTOCIIOCOOHOCTH SBISIETCS BHEAPEHHE CUCTEMbI IJIAHOBO-NIPEAYNPEIUTEILHOIO PEMOHTA
(IIITP), xotopas 3akoHonaTenbHO 3akpemieHa B 'OCT s BHeOpeHus Ha BCeX MPEANpUSTUSLX
CTpaHBbl.

Cucrema texauaeckoro oocmyxuBanus (TO) u peMOHTa TEXHOIOTHYECKOTO 000PYIOBAHUS —
3TO COBOKYIHOCTh B3aWMOCBSI3aHHBIX TEXHHUUYECKUX CPEJCTB, JOKYMEHTALMH, HUCHOJIHUTENEH,
HEOOXOJUMBIX JJIsl IOJAEPKAHHUS U BOCCTAHOBJICHUS] KaUecTBa 000PYI0BaHMUS.

Cuctema IIIIP TexHOIOrHMYecKoro o0OpynOBaHUS OTIMYAETCA OT PEMOHTHBIX TEXHOJIOTHH,
NPUHATHIX B 3apyO€XHBIX CTpaHaX, HANPABICHHOCTHIO Ha TOAJEpX)aHHE PaboTOCTIOCOOHOCTH
000py10BaHUs MyTEM MPOBEACHUS TEKYLIUX M KalIUTAIbHBIX PEMOHTOB.

3T0 00BSICHAETCS TEM, YTO HOPMATUBHBINA KOA()(HUITMEHT OOHOBICHHUS OCHOBHBIX (DOHJIOB, B
TOM YHUCIJI€ UX aKTUBHOW YacTH, MOCTOSIHHO HE BBINOJHSIICA. B NMPOMBIIIJIEHHOCTH HaKaIlIMBa-
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J0ch OOJIBIIOE KOJMYECTBO aMOPTU3HPOBAHHOTO O0OpYIOBaHUS, KOTOPOE BOCCTAHABIMBAJIOCH
IIyTEM IIPOBEJIEHUS CJIOKHBIX PEMOHTOB.

K navamy skoHoMHuYecKUX peopM B MPOMBIIIIEHHOCTH CKOMHIOCH 110 25 % akTHUBHOU 4Ya-
CTH OCHOBHBIX (pOHI0B, TpeOyromux 3aMmeHsbl. [Ipu exxeroanoit amoptuzanuu Mamut 3,7-5,1 % u
MOYTHU TOJHOM MPHUOCTAHOBIEHUHU B 90-X TIT. MPOILLIOrO CTOJETHS 3aMEHbI HErOAHOro 000pya0-
BaHus Kk 2020 r. B 9KCIUTyaTalluu HaxoAuiock 6osee 60 % MOITHOCTBIO aMOPTH3MPOBAHHBIX Ma-
IIUH ¥ 000pyJ0BaHUSI.

Cucrema IIIIP oGopymoBaHus, CIOXKUBIIASCS B COOTBETCTBUH ¢ TpeboBanusimu ['OCT
18322-78, mpencrapiieHa Ha puc. 1.

Ona oTaMyaeTcs OT PEMOHTHBIX TEXHOJOTHWH, MPUHATBHIX B 3apyOE’KHBIX CTpaHax, HaIpaB-
JICHHOCTBIO Ha MOJJEpKaHUE paboTOCTIOCOOHOCTH 000PYI0BaHMS ITyTEM MPOBEACHUS TEKYLINX U
KalUTaJIbHBIX PEMOHTOB.

CucTema nnaHoBo-npeaynpeau-
TENbHOTO PEMOHTa

/ ‘H\m '

TexHu4yecKoe TeKyWwuil peMOHT KanutanbHbiii
obcnyxusaHne(TO) (T) pemoHT (K)
\ . . v
ExtecmeHHoe Mepuoanyeckoe MnaHoBbIN HennaHoBbii MnaHoBbIi HennaHoBbIN

NN \

HencnpasHOCTEN
co
Mo pesyneTatam
TexHu4Yeckoro obcnyxuBaHus
Mo pesynbTaTam
TeXHWYECKOro COCTOAHWUSA

HabnwpeHwne 3a pabotoin
MeXaHW3MOB, MONoNHeHe
CMa3sKu, yCTpaHeHne Menkux
Ybopka obopygoBaHua 1
cogepaHue B YNCToTe
TO-1
TO-2
TO-3
Mo nnaH - rpacMKam peMoHTa
Mo nnaH - rpachnKam peMoHTa
Mo 3aABKam nogpasgeneHnin
Mo pesyneTaTam aBapuil
N MHUWOEHTOB

Pucynok 1 — luddepenuunanns padboT mo cucreMe MIaHOBO-MPEeIYPEAUTEIEHOTO PEMOHTA

Cuctema IIIIP mpencraBnsieT coO0i KOMIUIEKC OPraHU3alMOHHO-TEXHUYECKUX MEpOIpHs-
TUH, IPOBOJUMBIX B IUIAHOBOM TOPSIIKE sl oOecreueHus: paboToClOCOOHOCTH U MCIPABHOCTH
MallliH, 000pYI0BaHUS, MEXaHU3MOB (Jajiee — 00OPY/IOBaHUS) B TEUEHUE BCEIO CPOKA UX CITYK-
ObI MpU COOMIOACHUN 3aJaHHBIX YCIOBHM U PEKUMOB 3KCILTyaTallUH.

OTH MeponpusATHs pa3pabaThIBAIOTCS U OCYILIECTBISIIOTCS MPHU AKCIUTyaTallul 000PYI0BaHUS
¢ 00s13aTeJIbHBIM BBITIOJTHEHHEM yKa3aHUN WHCTPYKIMH 3aBOI0B-U3TOTOBUTEINIEH, a TaKkke Tpebo-
BaHUI K TEXHUYECKOMY COCTOSIHHIO 00OpYJIOBaHHUS M MpaBHJ O€30MacHOM dKCIUTyaTalluu, yCTa-
HOBJIEHHBIX PocTexHaazopoMm.

Cucrema IIIIP npenycmarpuBaer, 4To NOTPEOHOCTh 000PYIOBaHHUS B PEMOHTHO-TIPO(HIIAK-
TUYECKUX BO3ACHCTBUSIX YJOBIIETBOPSETCA COYETAHMEM pA3IMYHBIX BUJOB PEMOHTHO-
npopUIAKTUIECKUX BO3CHCTBUH, pa3IMyarouXcs NepuOIUIHOCTBIO U COCTaBOM padoT.

Cucrema III1P ocHOBaHa Ha TIIAHUPOBAHUHM PEMOHTOB M HOCUT MPEAYNPEAUTEIbHBIN Xapak-
Tep. DTO 03HAYAET, YTO BCE MEPOTPHUSATHUS IO MOACPKAHUIO paOOTOCTIOCOOHOCTH 000y 0BaHUS
BBITIOJHSIOTCS. B COOTBETCTBHM C T'OJOBBIMH M MECSUYHBIMU TpadUKaMH, COCTaBJICHHBIMH Tak,
4TOOBI MPeTyNPenuTh MPEKICBPEMEHHBIN U HEOKHUIAHHBIN BBIX0 000pyIOBaHUS U3 CTPOS.

[InanoBo-nipeaynpeauTenbHblii xapaktep cucteMsl [IITP peanusyercs:

- TIPOBEJICHUEM C 3aJJaHHOH NEePUOTUYHOCTHIO PEMOHTOB 000PY0BaHHMS, CPOKU BBITIOJTHEHUS
U MaTepualbHO-TEXHUYECKOE 00ecredeHre KOTOPhIX TUIAHUPYETCS 3apaHee;
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- BBITIOJIHEHHUEM B TIOJIHOM 00beme onepanuii TO, HampaBJIeHHBIX Ha oOecrieueHne 0e30TKa3-
HOU paboThI 000PYIOBAHUS;

- COKpallleHUEM BPEMEHU HaxXOXKIEHHsI 000pyJOBaHUS B PEMOHTE (B MEPBYIO OYepeb Karu-
TaJIbHOM);

- o0ecreyeHueM CPOKOB TIOJIE3HOTO MCTIOIB30BAHMS 000PYI0OBAHUS.

B nensax peanuzanuu xkonneniuu cucremsl [P TexHonormueckoro obopynoBanus pazpabdo-
TaHbl PEKOMEHJALMU C YYETOM HOBBIX SKOHOMHUYECKHX M TNPABOBBIX YCJIOBHHA B TEXHHYECKOM
IUIaHE:

- P MaKCUMAJIbHOM HCTOJIb30BaHIH TEXHOJIOTHUECKOTO 000PYI0BAHMUS;

- HCTIOJIb30BAaHUH BO3MOXKHOCTEHN M MPEUMYIIECTB arperaTHO-y3JI0BOI0 METO/Ia PEMOHTA,

- MCIIOJIb30BAaHUHU BCETO CHEKTpa cTpareruid, Gopm u mMetogoB TO u peMOHTa, B TOM YHCIIC
HOBBIX CPEACTB U METOJI0B TexHU4ecKoi nuarnoctuku (T/1);

- UCTOJb30BaHUU COBPEMEHHOI BBIUMCIUTEILHOM TEXHUKU U KOMITBIOTEPHBIX TEXHOJIOTHH,
cOopa, HaKoIUIeHUsI U 00pabOTKH MHPOPMALIUK O COCTOSTHUM 00OPYIOBaHUS, TUIAHUPOBAHUS Pe-
MOHTHO-IPOPUIAKTHYECKUX BO3ACHCTBUIA U X MAaTEPUATILHO-TEXHUYECKOTO 00eCTIeueHusI.

HeiictBue cuctemsl [IITP TexHOMormueckoro o0OpydOBaHUs pPACIpPOCTpaHSETCS Ha 0OIe-
MIPOMBIIIJIEHHOE 000pYy/I0BaHUE BHE 3aBUCUMOCTH OT MECTAa €r0 HaXOKJCHHUS U UCIIOJIb30BAHMUS.

Bce skcrutyatupyemoe Ha IpeAnpHUsATUSX 000pyAOBaHUE MOApa3AeseTcs Ha OCHOBHOE U He-
OCHOBHOE.

OCHOBHBIM sIBIIsIeTCSI 000pPY/IOBaHUE, IPU HEMOCPEICTBEHHOM yYaCTUH KOTOPOT'O OCYIIECTB-
JISIOTCS OCHOBHBIE TMPOU3BOJACTBEHHBbIE (TEXHOJOTHYECKHE) IMPOLECCHl IMONYYeHHUs TMPOIyKTa
(OKa3aHMs yCIIyT) U BBIXOJ KOTOPOIO M3 CTPOSI IPUBOJAUT K MPEKPALICHUIO UM PE3KOMY COKpa-
IIEHUIO BBITYCKa MPOAYKIIHUU

HeocnoBHoe o0opynoBaHue 00ecneunBacT MOJTHOIICHHOE MPOTEKaHUE MPOM3BOJCTBEHHBIX
MIPOIIECCOB M pabOTy OCHOBHOTO 00OpYIOBaHUSI.

Cucrema IIINP mnpemycmarpuBaeT, 4YTO MOTPEOHOCTH OOOpPYAOBaHHS B PEMOHTHO-
NpOoUIAKTUYECKUX BO3JACHCTBUAX yIOBIETBOPSETCS COYETAHUEM PA3JIMYHBIX BHJIOB PEMOHTHO-
npoUIAKTHYECKUX BO3CHCTBUI, pa3IyaouXxcs MepruoJUIHOCTHIO M COCTaBOM padoT.

B 3aBucuMocTH OT MPOM3BOJACTBEHHON 3HAUMMOCTH 000pY10BaHUs, BIMSHUS €r0 OTKa30B Ha
0€30MacHOCTh MEPCOHANa M CTAOMIBHOCTh MPOU3BOJCTBEHHBIX U TEXHOJIOTUYECKUX MPOIECCOB
PEMOHTHBIE BO3AEMCTBHSI MOTYT PEaIN30BaThCS B BUAE PETIAMEHTHPOBAHHOIO PEMOHTA, PEMOH-
Ta 10 HapaOOTKe, PEMOHTA MO TEXHHYECKOMY COCTOSIHHUIO, THOO B BUJIE UX COUYETAHUSI.

Haubosee mepcrieKTHBHBIM METOJIOM PEMOHTa O0OpYNOBAaHMS I TPEANPHUSITHN JFOOBIX
(dbopM COOCTBEHHOCTH SIBISIETCS arperaTHO-y3JI0BOM METOJ, IPH KOTOPOM HEHCIPABHbIE CMEHHBIE
AJIEMEHTHI (arperaTsbl, y3Jbl U JETalM) 3aMEHSAIOTCS HOBBIMU UJIM OTPEMOHTUPOBAHHBIMU, B3SIThI-
MU U3 000poTHOTO (hOoHA.

Oco0eHHO 3((EeKTUBHBIM SBISCTCS TaK HA3bIBAEMBI PACCPEIOTOUYCHHBIH arperaTHo-
y3JI0BOM METOJ, MPU KOTOPOM Jla)Ke KalUTaIbHBI PEMOHT BBINOJHIETCA B TE€UECHHE BCETO pe-
MOHTHOTI'O IMKJIa, IPU 3TOM 3aMEHY HEHCIIPaBHBIX Y3JIOB U arperaTtoB NpUypOUYMBAIOT K CpOKaM
npoBeaeHus: TO UM TeKyero peMoHTa.

B psime 3apyOeXHBIX CTpaH 3aMeHa HEWCIPABHBIX arperaToB M y3JI0B MPHYPOYHUBACTCS K
TUTAHOBBIM cpokaM mpoBeaeHus TO, a caM peMOHT Ha3bIBACTCS «IUIAHOBO-TIPEAYIPEIUTEIBHOE
00CITyKBaHUEY.

B mnepenoBbIX NPOMBIIUIEHHO PAa3BUTBIX CTpaHaX CHUCTEMa OpraHu3allud PEMOHTHO-
NpOoPUIAKTHIECKUX pabOT HA3hIBAECTCSI HECKOJIBKO MHAYE, & IMEHHO:

- cuctema obciyxuBanus — B EBpornie, CIIIA, Kanazne u np.;

- cucreMa coxpanenus — B Snonun, HOxHoi Kopee u apyrux asmarckux cTpaHax.

3amaya CBOEBpEMEHHOW 3aMeHbl HEUCIPABHBIX arperaToB, y3JOB M JeTaneil Haubonee
yCHEIHO pemtaercs npu BHeapenun T/l o6opyaoBanus B npouecce ero TO u peMoHTa.

PeMoHT 000py10BaHMS MOKET OCYIIECTBIATHCS COOCTBEHHBIMU CHJIAMU TPEINPHUITHIA, dKC-
IUTYyaTUPYIOLUX 000pYyI0BaHHE, CTOPOHHUMH CHELMATU3UPOBAHHBIMU PEMOHTHBIMU NPEATIPUS-
TUSIMH, & TaK)Ke CIEIUAIM3UPOBAaHHBIMU TOIPa3AeICHUSIMHU 3aBOI0B-U3TOTOBUTENCH.
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[TnanupoBanue TO, TeKyero U KamuTaaIbHOIO PEMOHTA OCYIIECTBISETCS HA OCHOBE paspa-
0aTpIBaeMBIX M YTBEpKaAaeMbIXx HopMaTtuBoB [II1P (meproandHOCTH, TPOJOIIKUTEIBHOCTH U TPY-
JIOEMKOCTH).

TexHuueckuil mporpecc NpeabsBIsSET HOBbIE TPEOOBAHUS K TEXHOJIOTUYECKOMY 00OpYIOBa-
HUIO, MaIllMHAM U CHCTEMaM:

- OTO IIOBBIINICHHAsA HUHTCHCHUBHOCTH paGOTLI, YXKCCTOUCHUC HAIrpy309YHOTO M CKOPOCTHOI'O
PEXUMOB pabOTHI, YCKOPEHHE MTPOTEKAHUS MTPOLIECCOB;

- YBEIHMYEHHUE PA3HOOOpa3usl YCIOBHUN IKCIUTyaTaIllH, PACIIUPEHUE TEMIIEpAaTypHOTO Juarna-
30Ha pabOThI MAIlIWH;

- HOBBIIICHUC ITPOU3BOAUTCIIBHOCTH, PACIIIUPCHUC q)YHKI_II/IOHaJILHBIX BO3MOXKHOCTEN MallllH,

- TIOBBIIIIEHUE TPEOOBAHMI K TOUHOCTH pabOTHl MaIlTUH;

- 60J'IBH_II/IHCTBO COBpPCMCHHBIX MAIllMH, KaK U JPYTUC BUIAbI TCXHUYCCKUX YCTpOfICTB C IJIn-
TEJIbHBIMU CPOKaMU CIYXKOBbI, SBIISIOTCS BOCCTAHABIMBAEMBbIMH, T.€. BOSHHUKIINE MPHU KCILTyaTa-
UM JePEeKTHl MOTYT OBITh YCTPaHEHBI METOIaAMU PEMOHTA.

ObecrieueHne peMOHTOIIPUTOJHOCTH COCTOUT B TOM, YTOOBI YCTAHOBUTH TPEOOBAaHUS K ATOMY
CBOﬁCTBy MallliuH " O6€CHC‘-II/ITB HX BBITTOJIHCHHC B TIPOLCCCC IMPOCKTUPOBAHUA U ITPOU3BOACTBA.

Cuctema [1TOP TexHOIOTHYECKOTO O00OPYIOBAaHUS TTPETYyCMATPHUBACT:

- CHUCTEeMAaTHUYeCKOE HaOIIOJICHUE U TIEPUOJIUYECKUN OCMOTp, MO3BOJIIONINE CBOEBPEMEHHO
BBISIBJISITh U YCTPAHATh HEHCIIPABHOCTH 000PYIOBAHMUS;

- BeJIeHUE TEXHUYECKOro 00CTy)KMUBaHUSI 000PYIOBAHHUS BO BPEMSI €0 SKCILTyaTalliy B yCTa-
HOBJICHHBIX PEKUMaX;

- IJTAHUPOBAHUE U MPOBEIEHNE TEXHUNYECKOTO 00CTYKUBAHHUS U PEMOHTOB;

- IPUMEHEHUE MPOTPECCUBHBIX METOJIOB PEMOHTA C UCIOJIB30BAHUEM CPEICTB MEXaHU3ALUU
" IEPCIOBLIX TPUEMOB BOCCTAHOBJICHU ,Z[eTaJ'IGI\/‘I H y3JIOB.

Texanaeckoe oocnyxuBanue (TO) — 3ToO KOMIUIEKC oneparuii mo MoaepP>KaHUI0 UCTIPABHO-
CTH U pabOTOCIIOCOOHOCTH OOOpYIOBAaHUS MPH MCIIOJB30BAHMM 10 HA3HAYCHHUIO M XpPaHEHHH,
BBITIOJTHSICTCS B TIpoIiecce paboThl 00OPYIOBaHUS, B JHH NPOBEACHUS NE3NHPEKIINHN IKCILUTyaTa-
[IMOHHBIM TIEPCOHATIOM U JICKYPHBIM IIEPCOHAIOM PEMOHTHOM CcITy>KOBbI (puc. 2).

TEXHUYECKOE
OBCNMYXXMWBAHUE
[ 1
& Li
Ocmotp 3arsmka
TeXHU4ecKoe 3awura ot pe3b60BbIX
AMarHocTMpoBaHue Koppo3un coeauHEHUI
Ouucrtka Cma3ska
MexaHusma MexaHMu3Ma

Pucynok 2 — Cogeprkanuie paboT 10 TEXHUYIECKOMY 00CITy>KHUBAaHHIO 000pYJOBaHHS

Cucrema [ITOP texnonornueckoro o00pyIoBaHUs MPEIyCMATPUBAET CIECAYIONINE BUIBI Pe-
MOHTA!

- rexymui (T1; T2);

- kanuTanbHbIi (K).

Texyiye peMOHTBI 000PYIOBaHHS OCYIIECTBISIOTCA KaKk B PEMOHTHBIN MEPHOJ, TaK U B TIe-
PHOJ AKCIUTyaTalii 000pYI0BaHUs IS 0OECTIEYeHHUST BOCCTAHOBJICHHUS €0 paboTOCIOCOOHOCTH
COCTOSIT B BOCCTAHOBJICHUU WJIM 3aMEHE OT/IETIbHBIX JIeTalei U COOPOYHBIX €TUHUII.
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B 3aBucuMocTH 0T XapakTepa U oobeMa paboT TEeKyLIUe PEMOHTHI OAPa3ACIAI0TCA Ha Mep-
BbI Tekyuui (T1) u BTopoit Texyuuii (T2).

KanurtanbHbIil pEMOHT OCYIIECTBIISIETCS C IEJbI0 TOJTHOTO0 BOCCTAHOBJICHUS MIIH OJIU3KOTO K
MOJTHOMY BOCCTAHOBJICHHIO PECYpPCOB 000PYIOBAaHUS C 3aMEHOM WIIH O€3 3aMEHBI €r0 YacTeH.

Pemonm — KOMIUIEKC MEpONPUATUI 0 BOCCTAHOBJICHHUIO PabOTOCIIOCOOHOTO COCTOSIHUS U3-
JISITHSL.

PemonTHBIE onepanuu (puc. 3) mist 000pyI0BaHUS BKIIOYAIOT:

- PETyJIHPOBKY;

- 3aMEHY U BOCCTAHOBJICHUE JE€TaJeil U y3JI0B.

PEMOHT
MEXAHU3ZMA
+ +
T T
PerynupoBka 3ameHa oetanen BoccTaHoBRneHwne
mMexaHusma W Y3roB geTtanen U ysnos

Pucynoxk 3 — PeMoHTHBIC oniepaniuy 11 000py IOBaHUS

B nemsix peanuzarnuu koHneniuu cuctemsl [P Texnomornueckoro o6opyaoBanus pazpado-
TaHBbI peKOMeHIIaI_II/II/I C y‘-IeTOM HOBBIX 3KOHOMMHWYCCKHUX U HpaBOBBIX yCJIOBI/Iﬁ B TCXHHNUYCCKOM
J1aHe, TpeOOBaHUs K TEXHOJIOTHUECKOMY 000pYIOBaHHIO, MAIIIMHAM M CHCTEMaM.
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OMACHOCTH U JaKe BPEIHOCTH MacCOBOTO MepeBojia aBToMoOmIel Ha Ouosranon. OnHO aB-
TOPUTETHOE MHEHHE OUYEHb CKOPO OCIIAPUBACTCS APYTUM, HE MEHEe aBTOPUTETHBIM. KpuTuka
HACTOJIBKO KECTKasi, UTO TIOHEBOJIC BBI3bIBAET HeloyMeHHe. Kak Takoe MOXKeT ObITh: Bely-
M€ CTpaHbl MPUHUMAIOT PHEPTeTUYECKUE CTPATErnH, KOTOPBIE, €CIM BEPUTh CKENTHKaM,
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The use of alcohol as an alternative fuel for cars

Abstract. Recently, the world press has increasingly published reports about the danger and
even harmfulness of mass conversion of cars to bioethanol. One authoritative opinion is very
soon challenged by another, no less authoritative. The criticism is so harsh that it inevitably
causes confusion. How can this be: leading countries adopt energy strategies that, if the skep-
tics are to be believed, are completely thoughtless and are the shortest route to large-scale en-
vironmental and economic disasters?
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[IpOTUBHMKM CHKUTaHUS 3TaHOJIA B JIBUraTesiX BHYTPEHHEro CropaHMs NPUBOIAT yOeau-
TesbHbIE 10BOJbI. OHM HE OMpoBepraroT (akTa, 4To MPU UCIOIH30BAHUU ITUIIOBOTO CIIMPTA BbI-
XJIOTI aBTOMOOWIIEH CTAaHOBUTCS HAMHOTO YMIIEe. JTO ACHCTBUTENbHO Tak. ' aBHas ke Oena — B
caMOM NPOU3BOJCTBE 3TOT0 BHUJA TOIJIMBA, KOTJa B aTMOC(epy BbIOPAchIBAIOTCS OTPOMHBIE KO-
JMYECTBA YIJIEKHCIOro raza. A 3HA4MT, BCsS dKoJoruueckas 3(pQeKTHMBHOCTb HCIOIb30BAHUS
CIIUPTOCOAEPHKALIUX CMECEN CBOAUTCS Ha HET.

OTWIOBBIN CIIUPT MOKHO MOJYYaTh U3 JIIOOBIX PACTEHUH C JOCTATOYHBIM COJCPKAHUEM Ca-
Xapa 1 Kpaxmaia.

Kaptodens, sumens, miennna, cBékiia — Bc€ moaxoaut. Ho mydmmii Bapuant — caxapHblit
TPOCTHUK. MOXKHO Takke rnepepadaThiBaTh pa3IMuHbIE OTXO/bI, HAIIPUMED, IPEBECHBIE OIUIIKH,
HO TTOKa YTO 3TO 3KOHOMUYECKH HEBBITOJHO. A TIOTEHIMAIBHO PEHTA0ETbHBIC METOABI HAXOAT-
Csl B CTQJMU Pa3pabOTKH.

[Tpon3BoACTBO 3TaHONA JEHCTBUTENIBHO HACHIAET aTMoc(hepy MapHUKOBBIMU TazaMu (ermé
onu HasbiBatoTcst GHG — ot greenhouse gas) B KoJMuecTBax, COMOCTaBUMBIX C BHIOpOcaMu OeH-
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3MHOBBIX JBHUraTesneil BHyTpeHHero cropanus. Ho B mporiecce Mpou3BOJACTBA M CKUTaHUsA 1 7
ATaHOJA U3 PACTUTEILHOTO ChIPhs B aTMoc(depy momanaeT poBHO cToibko ke CO2, CKOIBKO 10
ATOro OBLJIO MOIJIOMIEHO TEMH e CaMbIMU paCTEHUSMH B pe3yJibTaTe peakunu gpotocunresa. [lo cy-
TH TMPOU3BOJICTBO 3THIIOBOTO CIIMPTA €CTh HE YTO MHOE, KaK «(POTOCHUHTE3 HA000pOT», C TOU JIUIIIb
pa3HUIIEH, YTO B OJJTHOM cliyyae TpeOyeTcsl COIHEUHBIH CBET, a B IPYTOM — BBIJEIISETCS TEIUIO.

[Momyvaercs, 6MOATaHOT aOCOMOTHO HEUTPAJICH B KAUECTBE MCTOYHHKA MAPHUKOBBIX T'a30B.
3HA4uUT, Jy4lle OT HETO HE CTAHET, HO U XyXe He OyJeT B OTJIMYKE OT MPOAYKTOB MEepepadOTKH
HedTu. EcTh y 3THIOBOTO cniupTa M emié OJHO MPEUMYINECTBO: MOJOKHUTEIbHBIM YHEpreTHYe-
ckuil Oaylanc. B 3aBHCMMOCTH OT BHJA CHIPhS MOCIEIHUNA MOXKET KojebaThes oT 1,24 mo 8. To
€CTh IPU CKUTAHUHU TAHOJIA BBIIETSETCS B HECKOIBKO pa3 O0JIbIlIe YHEPTUH, YEM 3aTPAYHBACTCS
IIPU €ro MPOU3BOJICTBE. B 3TOM cMbICiie CHUPTOBOE TOIUIMBO Ha MOPSAOK MPEBOCXOAUT OCH3UH
WIH TU3TOIUMBO. TONMBKO BOOOpasuTe cebe pacxoiabl Ha pa3BeAKY, N0ObIUY, TPAHCIOPTHPOBKY,
nepepaboTky HedTH, U BBl TOMMETE, YTO TOTUTMBHBIN OajaHC He(PTSIHBIX IPOIYKTOB 3HAUUTEILHO
MEHBIIIE STUHUIIBI.

Cam mporiecc 3anpaBKu 3TAHOJIOM HE COAEPKUT B cebe HUUEero ocoOEHHOro — BCE Tak xKe,
Kak U B cioydae ¢ OeHsuHOM. OIHAKO CeTh TaKMX 3alpaBOK CETOAHS €IMI€ TOJBKO Pa3BHBACTCA.
Hamnpumep, B CILIA Touek, rae npogator E8S, ceroHs HaCUUTHIBACTCS MPUMEPHO MOITOPHI THICAYH.

Ho u 6e3 nenocratkoB y C2HsOH ne o6xoautcs. Ilpu cropanuu 1 i 3TUIOBOTO CHOHPTA BbI-
nensiercs Ha 34 % MeHbllle YHepruH, YeM MPU CTOPaHUU TOTO ke 00bEMa OeH3uHa. Beixoaut, uto
€CJIM 3allpaBJIATh ABTOMOOWIIb TOILUTMBOM C COJIEpP’KaHHUEM 3TaHoNa (K pUMepy, IMHUPOKO Mporma-
raaaupyemMoi cmeceto ¢ 6ensunoM E85), To pacxoa TormimBa HEM30€KHO BO3PACTET BIUIOTH JI0
3TUX caMbIX 34 % — Bc€ OyJeT 3aBUCETh OT KOHLIEHTPAIIMH CIHPTA B KAXKJIOM KOHKPETHOM CITy-
yae. Ho ¢ 3T0il nevanbHON KapTHUHOW CTOJKHYTCS JIMIIb BJIAJEIbIbl MAIIWH C JBUTATEISIMU, U3-
HAYalbHO PACCUYMTAHHBIMH HA TPAJAULMOHHBIA OCH3WH W JIMIIb 3aTE€M aJalTUPOBAHHBIMU IO
CIIUPTOBOE TOTUIMBO.

Henp3s 3a0b1BaTh, YTO OKTAHOBOE YMCIIO 3TaHONA paBHO 105. DTO 03HAYaeT, YTO €ro MOKHO
C)KHUTaTh B JIBUTATEJISIX C KyJa OOJIBIICH CTEIEHBIO CKAaThs. Tak 4To, B MPHHIIMIIC, TBUTATEIH,
paccurMTaHHbIE UCKIIOYUTEIBHO Ha HOBBIA MCTOYHUK SHEPTUH, JOJDKHBI OBITh YK HUKAK HE XYKe
HBIHCITHUX OCH3MHOBBIX WJIM JHM3CIBHBIX coOpaTheB. M B TUIaHE SKOHOMHYHOCTH, W B IUIAHE
MOIIHOCTHBIX XapaKTePUCTHK. A YK MPO IKOJOTHIO M TOBOPUTH He mpuxonutcs! [IpumepHo Ha
80 % yMeHBIarTCs BRIOPOCH YTIICPOIHBIX COeauHeHMH, a KOHKpeTHO CO2 cHmkarorcs Ha 30 %.
Ho 3anuBath B Takue MalIMHbI OEH3UH KaTErOPHUECKU HEb3s — JETOHAIUS MUTOM yObET TeXHO-
JIOTUYHBIN MOTOP.

He cexper, uto Hanbonee neméBbIM CIOCOOOM TPAHCTIOPTHPOBKHU JKUIKUX TOTUIUB SIBISICTCS
3akadka ux B TpybompoBoa. Ho B ciydae ¢ 3taHosioM mosiBiisiercs npodiema. OH TUTPOCKOIH-
YeH, T.€. BHUTBIBAET U3 aTMOC(hepsl BOAY U, CIEe0BaTeNIbHO, 00JIaaeT MOBHIIICHHON KOPPO3UOH-
HOW arpecCUBHOCTHIO. [109TOMY MOKa YTO TOIIMBHBIA CIIUPT MEPEBO3SAT aBTOTPAHCIIOPTOM HITH
T0 JKEeJIe3HOU Jopore.

CrpT 00MaiaeT MENBIM PSIIOM TMPEHMYIIECTB 10 CPAaBHEHHWIO C HE(QTSHBIM TOIUTMBOM, U
TOJILKO OOJNbIasi CTOMMOCTh, Majasi TeIUIOOTBOJHOCTh, BBICOKAsi TUTPOCKOMUYHOCTH M TOBBI-
IICHHOE COJICPKAHKE aIbJICTHIOB MPEIATCTBYIOT €r0 MAaCCOBOMY NMPUMEHEHHUIO B KQ4eCTBE TOII-
muBa ans JIBC. A nocTonHCTBa cIMpTa ClEAYIOIINE:

e BBICOKHME aHTHJIETOHAIIMOHHBIE CBOMCTBA (0KkTaHOBOE yncio — Oonee 100). BBenenue ata-
HOJIa B O€H3MH 0OeCreYrBaeT MOBBIIIEHHE OKTaHOBOTO uncia. Kaxaeie 3 % sTaHoNa B cMecH C
OCH3MHOM 00€CTeYnBAIOT MOBBIIIEHUE OKTAHOBOTO YHCIIa TOPIOYETro B CPelHEM Ha | eauHHUILY.
To ecTh CTUPT MOXKET OBITH MCIIOJIB30BAH B KAYECTBE BHICOKOOKTAHOBOM JI00aBKM K TOTUIUBY. OH
MOBBIIIACT U JIETOHAIIMOHHYIO CTOMKOCTh TOPIOYETro, TaK Kak TeMmIepaTypa caMOBOCIIIAMEHEHUS
ypctoro oensuna cocrasisieT 290 °C, a ero cmecu ¢ 3tanosom — 425 °C;

® IIPOIIECC UCTIAPCHHS HAYMHACTCS BO BITYCKHOM TPYOOIIPOBOJIE U 3aKAHYMBACTCS B IIMJIMH-
JIpe TIPH XO0JIe CHKATHsA, 00eCrieunBasi OXJIAXKICHUE AeTaei IBUTATells — MOPIITHEN U KJIAllaHOB — U
0ojiee TOJHOE HAMOJHEHUE IWIMHAPOB CBEXUM 3apsaoM (KoMmmpeccopHbiid 3ddext ¢ 5-
MPOLIEHTHBIM yBEIIMYEHUEM MOIIHOCTH);
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® HAJEKHOE BOCIUIAMEHEHHUE OT JJIEKTPUYECKONW MCKPbI IPHU 3HAYUTEIBHBIX HW3MEHEHHAX
COCTaBa roproveil cMecu (Auama3oH BOCIIAMEHSEMOCTH MO Ko3(dHuIMeHTy H30bITKa BO3IyXa
JUIsl criipTa coctasisger npumepHo 0,4...1,7);

e KIIJ nBurartens, pabOTalOMIero Ha YUCTOM CIHMPTE, BBIIIE, YeM IMPH HCIOIb30BAaHUH
OeH3MHA;

e MeHbIIasi TOKCHYHOCTh OTPa0OTaBIINX Ia30B;

® HM3Kas M0XKApOOIACHOCTb.

CymiecTByI0T iBa crioco0a MpUMEHEHUs CIUPTa B KaUeCTBE TOPIOYEro Uil aBTOMOOMIIbHBIX
MOTOpPOB — IpH yacTU4HOH (10 20 %) W mpu MOJHOW 3aMeHe OEH3MHA U JIU3EJIbHOI0 TOIUIMBA.
Bbicokne aHTHIETOHALIMOHHBIE KauyecTBa ONPEIEISIIOT NMPEUMYIIECTBEHHOE HCIOIb30BaHUE
COHMpTa B JIBUraTeIsIX BHYTPEHHETO CTOpaHUs C NMPUHYAUTENbHBIM (MCKPOBBIM) 3a)KHTaHHEM.
CrannapTHBIN ABUTATENh HE HYXKHO TIEpEICIIBIBATH U Pa0OTHI Ha OEH30CTIMPTOBOW CMECH.

Ha AO «ABTOBA3» Oblmu mpoBeneHsl ucnbiTaHus OeHzuHa AM-95 ¢ 10-mporeHTHBIM co-
JIep’)KaHUEM ATAHOJIA Ha TOKCUYHOCTb, PACXOJl TOIUIMBA U OOecleyeHne IUHAMUKHU aBTOMOOUIISA
0e3 mepeperyaupoBKU jaBuraress. bouio yctaHoBieHo, uTto no0aBka k O6eHsuny 10 % coupra
MPUBOIUT K OOEIHEHHIO TOIJIMBOBO3AYLIHONW CMECH M HE3HAYUTEIBHO YXY/ILIAET €3/]0Bble Kaue-
CTBa MAIIMHBI NPAKTUUYECKH Ha Bcex pexumax JBrmxkeHus. llpu mepexome Ha AM-953 c
10-IpOLIEHTHBIM COZIepKaHUEM ATaHoJIa TpeOyeTcst IepeperyImpoBKa KaporopaTopa.

CornacHo pe3yJibTaTaM CTEHAOBBIX HcTbITaHul «ABTOBA3a» npumenenue 0enzuna AU-959
C 5-IPOILIEHTHBIM COJIEP)KAHUEM CIHMPTA HE MPUBOAMUT K YXYJIICHHUIO SKCILTYyaTallMOHHBIX Xapak-
TEPUCTHK aBTOMOOMJIS M HE TpeOyeT N3MEHEHHS NCXOIHBIX PEryJIMPOBOK JIBUrATEsL.

A BOT 17151 pabOTBI Ha YHCTOM CIIUPTE TPeOyeTcsl yBeIMYeHHEe BMECTUMOCTH TOITMBHOTO 0a-
Ka U cTeneHu cxkatus A0 12—-14 exn. (4ToObl MOTHOCTHIO UCHOJB30BaTh JETOHAIIMOHHYIO CTOM-
KOCTh TOIUIMBA) W TIEPEpPEryJMpoBKa KapOroparopa WM mepenporpamMmmupoBanue OBY uH-
KEKTOPHOTO JiBUrarens. ['oprodyto cMech HE0OX0IMMO HEMHOTO 000TaTUTh: Ui cropaHus 1 Kr
cnpTa Tpedyercst 9 Kr Bo3ayxa, a s cropanus | kr 6enszuHa — 14,93 xr.

Huskoe naBneHMe HACHILIEHHBIX MAapOB W BBICOKAs TEMJIOTa MCIAPEHUs CHMPTa JENaloT
MIPAKTUYECKH HEBO3MOKHBIM 3aIlyCK OCH3MHOBBIX JABUTATENEH yKe MpU TeMIIepaType OKpYyrKaro-
meit cpeanl Hke +10 °C. s yinydiieHus MyCKOBBIX KayecTB B CIIUPT J00aBIAOT 4-6 % u30-
nerTana (CsHiz2) wm 6-8 % numermnosoro s¢upa (CH3-O-CHs wimm C2HeO), uto obecrieunBaeT
HOpMaJIbHBIN ITyCK ABHraTess mnpu remmnepartype ot —25 °C u Bbime. J[7s 3To ke 1eau cnupTo-
BbI€ MOTOPBI 00OPYIyIOT CIELMAIbHBIMU ITyCKOBBIMHU IOJ0rpeBaTesiMu. B ciydae HeycToitun-
BOM pa®oThI ABUTaTeNsl MPH MOBBILIEHHBIX HArpy3kax (M3-3a IUIOXOTO MCMApeHus CIOHUpTa) MpH-
MEHSIETCSl JOTIOTHUTENBHBIA MOJOTPEB TOIUTMBHON CMECH C MOMOIIBIO, HAIpUMep, oTpaboTaB-
IIUX Ta3oB.

AJanTupoBaTh AU3EJbHBIN MOTOP /JIsl COKMUTAaHUS B €r0 IMJIMHAPAX CIIUPTa ropasio CIOKHEE.
BeHckuM TeXHHYECKMM YHUBEPCUTETOM OBUIM MPOBEIEHBI 3KCIIEPUMEHTAIbHBIE UCCIIEOBAHUS
Ha 4-IIMJIMHIPOBOM TPAKTOPHOM Am3elie GUpMBbI Steyr.

BBuay TOro, 4ro 1eTaHOBOE YMCIO TAHOJIA HU3KOE, ABUraTelb ObUI JOMOJIHUTEIBHO OCHA-
IIEH 3JEKTPOHHOM CHCTEMOM 3aKMraHus, a TOJIOBKY LWJIMHIPOB MOAEPHU3ZUPOBAIIU Ui pazMe-
1eHus cBedelt 3axuranust. Kpome toro, Obi1a M3MEeHEeHa reoMeTpuyeckast opma KaMepsl cropa-
HUS B IHUINE TIOPIITHS, YCTAaHOBIICHBI HOBBIE TOTUTUBHBINA HACOC BHICOKOTO JaBJICHHUs, POPCYHKU U
TOIJIMBOIOIKAYMBAIOIIMI HACOC MOBBIIIEHHONW MPOM3BOIUTENBHOCTH. VccienoBaHus MoKasaiu,
YTO AM3Eh padOTaeT Ha ATAHOJIE TPAKTUIeCKN Oe31bpIMHO. 1o cpaBHEHHIO ¢ pabOTOM Ha TU3ENb-
HOM ToIUIMBE BhIOpoCc NOX CHHMKAeTCs, 4TO SIBJISETCS pe3yJbTaTOM YMEHbBIICHHs TeMIepaTypbl
BCJICJICTBHE TIOBBIIIEHHOMN TEIIOTHI UcniapeHus 3tanona. Beiopoc CO Takoit ke, Kak y O€H3MHO-
Boro JIBC, BbiOpoc CH OTHOCHTENBHO BBICOK, OHAKO MOXKET OBITh PaJAMKaIbHO CHUXKEH MpHU
IIPUMEHEHUHN IIPOCTEUIEr0 OKUCIUTENBHOIO HelTpanu3aropa. [Ipu nepexone Ha qu3eibHOE To-
prodee JbIMHOCTh U PacXo] TOIUIMBA Yy MEpeoOOpyA0BAaHHOIO AM3EIs 3HAYMTEIbHO BBILIE, YEM
nepBoHayaibHO. OOBEMHBIN pacxo y 3TaHOJIa MOYTH B 2 pasa 0oJbIle, YeM Y JU3EIbHOTO TOIl-
JIMBa, 4TO SIBJIIETCS CIEJICTBUEM €ro 0ojiee HU3KOW TEMJIOThl CrOpaHus, a yJeJIbHbIA NPUBEICH-
HBIN pacxXo/ JUILb HEMHOTUM BBILIE.
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MoaepHU3UpOBaTh IBUTATEIh MOTYT HE TOJBKO aBTONPOU3BOIMTEIH, HO M CICIHUAIH3HPO-
BaHHble Qupmbl. Harmpumep, B CLLIA OeH3WHOBBIC IBUTATENN M JU3ENU A pabOTHl Ha albTep-
HAaTMBHOM TOIUIMBE repeodopynyet dhupma Jasper Engines and Transmissions. [lepeaensiBaroTcs
MOTOpPHBI OT §-LHMJIMHIPOBBIX V-00pa3HbIX A0 pAAHBIX 6- U 4-unuHIpoBbIX. [locie nepeobopy-
JIOBAaHUS IBUTATEIM MOTYT pabOTaTh HA METAHOJIE, STAHOJIE, CKATOM U CKIDKEHHOM TTPHUPOTHOM
ra3ax, puCyHOK.

IDF.IH!IJIII:!I!H padessrn EpoUScEa NKLENN NpA padare
Hil CMECH INITONNHER & JTRHONOW H nps patoTe HA YHeTol conApan

: 1I]E|.| P |.nun=m|=:|“

p Yron BeEopoTa AeneHBaRE |
- -0 o BMT 10 Fall i a0

XapaKkTepUCTHKH padovero mpouecca AU3eis MpH padoTe Ha CMECH JU3TOILTUBA C 3TAHOJIOM
¥ ipu paboTe Ha YUCTOM JAU3TOIUIHBE

W3 npuBeeHHBIX JAHHBIX XOPOIIO BUIHO, YTO BBEACHHUE CIIUPTA B TU3EIHHOE TOIUIUBO MPH-
BouT K pocty aasneHus (P) 8 BMT Gonee uem Ha 20 %. Pe3ko yBennuuBaeTcs CKOPOCTh Hapac-
TaHUs JIaBJICHUS, T.€. BO3PACTAET KECTKOCTh pabOThl ABUraTens. ['opeHrne 3TaHOJIBbHOTO TOTLIINBA
HauWHaeTcs paHblie. [Ipn 5TOM MOMEHT Ha Bally JBUTATElNsl CHWXKaeTcs. MIHbIMM clioBamH, BBe-
JIEHUE 3TUJIOBOTO CIIUPTA B AU3EJIbHOE TOIUIMBO YXYIIIAET €ro TeXHUKO-I)KOHOMUYECKUE MoKa3a-
tenu. OHAKO TPU 3TOM HECKOJBKO YIYYIIAIOTCS SKOJIOTWYECKHE MOKa3aTeNu paboThl MOTOPA.
Jns monyyeHus: MakcuMaiabHOrO 3(dexta oT BBEACHUS CIUPTa B JU3EIHHOE TOIUIMBO HEOOXO-
JIUIMO IIPOBECTHU PETYJINPOBKY JBUTATEIS.

Wnest ucnonb30BaHuUs CIMPTA B KQYECTBE TOIUTMBA HE HOBA. CaMblii OOTaThIi OMBIT €T0 MPHU-
menenus: B JIBC nmeer bpasunus. Ilocie mupoBoro Hedrsnoro kpusuca 1973—1975 rr. B sT10M
ctpane B Havaie 80-X IT. mpuHsiau nporpaMmy «TomimBo Ha OCHOBE 3TaHONa». B pesynbprare
3J1€Ch /10 KOHIIA MPOILJIOr0 CTOJETHS 3TAHOJ €KEAHEBHO 3aMeHs1 10 250 Thic. Oapperneil uMmop-
tupyemoit Heptr. B 90-x rr. B bpaswimu S>THUIOBBIA COUPT CIYKUT TOprOYUM Oosiee ueM IJis
7 MITH MallI¥H, a €r0 CMeCh ¢ OCH3MHOM (Ta30X0J1) — 71 erie 9 MIH aBTo. DTaHOI B ATOU CTpaHe
M3TOTaBIMBAIOT U3 CaXxapHOTO TPOCTHUKA, a MPOJAIOT Yepe3 3alpaBOYHYIO CETh, HACUUTHIBAIO-
IIY10 25 THICSIY CTAHIIUM.

BTopbiM MHPOBBIM JHAEPOM MO HUCHOJIH30BAHUIO 3TAaHOJA B ABTOTPAHCIOPTE SIBISIOTCS
CILIA. 3pmech Tarke peanusyeTcs ImporpamMma 3aMeHbl O€H3WHA CIUPTOM, KOTODPBIM IMOTydYaroT
IpHU nepepadboTKe U3IUIIKOB KyKypy3bl M JAPYTHX 3€PHOBBIX KyJbTyp. UHCTBIN 3TaHON B 3TOM
CTpaHe HCIIONb3yeTcs Kak roproyee B 21 mrare, a Ha GEH309TaHOJIOBYIO cMech npuxoaarcs 10 %
toruBHOTrO peiHka CIIIA.

PanbIie 3aMHTEPECOBAHHOCTh B UCIIOJIL30BaHUM OoJiee gopororo staHouna ($60 3a 6apperns) B
KaueCcTBE MOTOPHOTO TOPIOYETO 3a pyOexom Oblia 00yciioBiIeHa HaTOroBeIMH Jibrotamu. B CIIIA
OHM KOMIICHCUPYIOT MpOJaBIiaM yOBITOK B Cllydyae, €ClId Te€ MPOAAI0T 3TAHOJ MO IeHe OeH3HMHA.
Celivac, mocie ckauka 1ieH Ha HepTh ($40-50 3a Gappenb), ¢ ydeToM nepepabOTKH ChIPbS IS
nojy4yeHus OeH3WHa, CTOMMOCTb 3TUX BHUJOB TOIUIMBA MPAKTUYECKU CpaBHsIach. [loaTomy wmc-
M0JIb30BaHKE CIIMPTA 0Ka3a10Ch ellle 1enecoo0pasHee.

[Ipumenenue cnyupra B Ka4yeCTBE TOILIMBA MOJYUYMIIO MOAJEPKKY U B HEKOTOPBIX €BpONEii-
CKHX cTpaHax — B 4yacTHocTH, ®pannuu u llIsenuu. 7 Hoss6ps 2001 r. aBe komuccuu EC mpunsi-
JM TaK Ha3bIBaeMble OMOJUPEKTUBBI OTHOCHTEIBHO HMCIIOJIB30BaHHU OMOTOIIMBA B cTpaHax EB-
pocoroza. OHM MpenycMaTpuBaloT 00s3aTeIbHOE MPUMEHEHHE 3TOT0 TOPIOYEro Kak J00aBKU K
OCH3UHY B OyIyIIEM.
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[Tpu cozmaHum COBpEMEHHBIX KOHCTPYKIIUI TPAHCIIOPTHOTO MAITMHOCTPOEHUS (aBua-, Cya0-,
aBTOMOOWJIECTPOCHNSI) BasKHEHIIIEH 3a/1a4ueil SBIsSETCS CHIKEHUE X MacChl IIPH COXPAHEHUH BbI-
COKOM MPOYHOCTH, PEIICHNE KOTOPOH 3aKtoyaeTcsl B pa3paboTKe HOBBIX MaTepuanoB. OTHUMU
u3 HanOoJiee MEPCIEKTUBHBIX B TOM OTHOIICHUU SIBJISIOTCS BBICOKOIIPOYHBIEC CIUIaBbI TUTaHA U
KOMITO3UIIMOHHbIE MaTE€pHabl HA €0 OCHOBE.

TuraHOBBIE CIUIaBBI M3 BCEX KOHCTPYKIIMOHHBIX METAITMUECKHUX MaTepUaioB OO0IagaroT
HauOOJIBIIUM MOKA3aTeNeM yIeIbHONU MPOYHOCTH — OTHOIICHHEM TMpeieia MPOYHOCTH K TUIOTHO-
ctu. [Ipu 3TOM OHM JOCTATOYHO IIACTUYHBIE, JIETKUE, YCTOMUMBBI K KOPPO3UU U MU3MEHEHUSIM
TEMIIEPATypP, UMEIOT BBICOKYIO YCTAJIOCTHYIO MPOYHOCTh. CoueTaHHe BBICOKOW MPOYHOCTH C HE-
OONBIIMM Y/eTbHBIM BecoM (IJIOTHOCTH THUTAaHA COCTaBsAeT 4,5 r/cM>) BHINOJHO OTINYAET TUTAHO-
BbI€ CIUIaBBI OT JPYIMX KOHCTPYKLIMOHHBIX MaTepuaioB. Vcronb30BaHHEe MaTepHaioB HA OCHOBE
TUTAHA MO3BOJISIET YBEIUUYUTH JI0JIFOBEYHOCTb, HAJECKHOCTh U, KaK CJIEJICTBUE, CHU3UTH PACXOIbI
Ha KalHUTAIbHBIA PEMOHT U 00CITY>KUBAHHE PA3IMYHBIX TEXHUUECKUX YCTPOUCTB U 000PYTOBAHUS.

KauecTBa, npucymye TUTaHOBBIM CIUIaBaM, ONPEENSIOT MHUPOKUM CIEKTP UX HCMOJIb30Ba-
HUSl B MAIIMHOCTPOCHHUH, aBTOMOOUIIECTPOCHUH, aBUALIMOHHON, PAKETHOW U KOCMHUYECKOH TeX-
HUKE, aTOMHOW >HepreTHke. M3 THTaHOBHIX CILIaBOB JENAIOT OOMMBKY (hO3eshKa sl KpbLia
CBEPX3BYKOBBIX CAMOJIETOB, B MUILEBOM U XUMUYECKON MPOMBIIUIEHHOCTH U3 HUX U3rOTaBINBa-
10T (PUIIBTPBI, 3MEEBUKH, pa3INuHble EMKOCTH, aBTOKJIABBI U TPYOONpOBOIbl. MHOTHE TUTAHOBHIE
CIUTaBbl TPUTOJHBI ISl KPUOT€HHON TEXHUKHU, TaK Kak 00JaJar0T BBICOKOW MIACTHYHOCTHIO B
YCIIOBUSIX HU3KUX TEMIIEpaTyp.
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Bricokas KOppO3MOHHasi CTOMKOCTh TUTaHA B MOPCKOW BOJIE B COUYETAHUHU C MAJIOW TIJIOTHO-
CTBIO U BBICOKOHM MPOYHOCTHIO JI€JAOT €r0 LIEHHBIM KOHCTPYKIIMOHHBIM MaTe€pHalIoM ISl CyAO-
cTpoeHus. 13 TUTAaHOBBIX CIIAaBOB M3TOTOBJISIIOT BaJlbl, IPEOHbIE BUHTHI, OOLIMBKU MOJBOIHBIX
JIOJIOK U MOPCKHX CYZOB, MaTyOHYIO apMaTypy MOABOIHBIX JOHOK.

CHuxeHne Macchl aBTOMOOMIIEH MO3BOJISET YIYUIIUTh UX CKOPOCTHBIE XapaKTEPUCTUKH, CO-
KPaTUTh Pacxo]l TOIUIMBA U KOJMUYECTBO BBIXJIONHBIX ra3oB. B aBTOMOOHIECTPOCHUN TUTAHOBBIE
CIUTIaBBI IPUMEHSIOT B KOHCTPYKIMAX KJIAIaHOB, IPYKHUH, BBIXJIOIHBIX CUCTEM.

CHuXeHne Macchl JISTaTeIbHbIX allapaToB elle Oosee akTyajabHas 3a/1a4ya, 4eM B aBTOMOOU-
necTpocHuH. [IpuMeHeHne NEeTKUX, HO B TO K€ BPEMsI BBICOKOIIPOYHBIX CIUIABOB TUTaHA I0O3BO-
JSET YIy4IIUTh JIETHO-TEXHUUYECKHUE TTapaMeTpbl BO3AYLIHBIX CYAOB, YBEJIUYUTh UX PECYPC, MU-
HUMU3HAPOBATH Pa3Mepbl arperaTos.

[IpuMeHeHNEe TUTAHOBBIX CIUIABOB B Pa3IMYHBIX OTPACAX TEXHHUKH I103BOJISIET 3HAYMTEIBHO
MOBBICUTh TE€XHUKO-KOHOMUYECKHE IOKA3aTeIU BBITYCKAaeMOH MPOIYKIMH, MO3TOMY OOBEMBI
IIPOM3BOJCTBA TUTAaHA M TUTAHOBBIX CIUIABOB HENPEPHIBHO Bo3pacraroT. Hampumep, nons uc-
MOJIb30BaHus TUTaHa B aBuacTpoeHuu B 2006 r. cocraBisiia Bcero Juiib 23 %, a Ha CEeroIHsIl-
HUH JeHb YK€ JOCTUTIIAa TPpUOIU3uTeNnsHO 60 %.

K cTanmapTHBIM OTE€4ECTBEHHBIM BBICOKOIIPOYHBIM CIUIABAM TUTaHA C MPEJEIIOM NIPOYHOCTH
os 0omee 1000 MIla otHocsiTes (o + PB)-crutaBel Mapok BT6, BT14, BT3-1, BT22. Ux makcu-
MaJIbHasi IPOYHOCTh JOCTUTAETCs BCIEICTBUE TEPMUYECKOH 0OpabOTKH, COCTOSIIEH M3 3aKaIKu
B Bozie ¢ TemnepaTypsl 700-900 °C u nocneayromero MICKyCCTBEHHOTO CTapeHUs IpU TeMIlepa-
type 480550 °C ¢ oxnaxaeHveMm Ha Bo3ayxe. HecMoOTpst Ha BBICOKYIO TPOYHOCTb, CILIABBI ATOM
IPYMNIIbl BBICOKO IUIACTHYHBI NPU Topsyeil oOpaboTKe NaBICHHEM, B OTOXOKEHHOM COCTOSIHUU
npu npoyHocTu gs > 800 MIla oHu MoryT noaBepraThCsi U X0J01HOM 00paboTke. CriyiaBbl HMEIOT
YIIOBJICTBOPUTEIBHYIO CBAPUBAEMOCTh ¢ 00pa30BaHHEM CBAPHOTO IIIBA C POYHOCTHIO M IUIACTHY-
HOCTbBIO, MPUOIMKEHHOW K NMPOYHOCTH M IUIACTMYHOCTU OCHOBHOIO MeTaija; oOpaldaThIBatoTCs
pE3aHMEM KaK B OTOMOKEHHOM, TaK U B TEPMUYECKH YIIPOUHEHHOM COCTOSHUM. X Koppo3noHHas
CTOMKOCTb COIOCTaBUMa C KOPPO3MOHHON CTOMKOCTBIO TEXHUYECKH YMCTOTO THUTAHA. JTH CIUIABbI
MOT'YT JUIUTEIBbHO paboTath npH Temrnepatypax 1o 400 °C u kpatkoBpemeHHo — 110 750 °C.

bnarogapsi yHUKanbHBIM CBOIICTBaAM THTaHA CO3AOTCSl HOBbIE TUTAHOBBIE CIUIABHI C elie 0o-
Jiee yIy4IIEHHBIMHM XapakTepucTukamMu. OIHUM U3 TaKMX CIUIABOB SIBJISIETCSI BBICOKOIIPOYHBIN
radHuiicoiepKalluii CIiaB Ha OCHOBE TUTAHA, CO3[AHHBIN B HAyYHO-HCCIIEIOBATEILCKOM MaTepHa-
noBequecko-TexHonorndeckum otaeneHnn AO «BHUMHM» (AO «BbICOKOTEXHOIOTHYCCKHIA
Hay4YHO-UCCJIEI0BATENILCKIUM MHCTUTYT HEOPTraHMYECKUX MaTepUaioB UMEeHU akajgemuka A. A. bou-
Bapa»). ['adHuil cocoOCTBYeT MOBBIMICHUIO TEPMUYECKOM CTaOMIBHOCTH CTPYKTYpBI CIUIaBa,
JKApOMPOYHOCTH, KAPOCTOMKOCTH; YBEIMYEHUIO CONPOTHBIISIEMOCTH MOJI3YUYECTH; YIIyUIICHUIO
CBapMBAacMOCTH; IOBBIIICHUIO MEXAHWUYECKON IMPOYHOCTH, MOAYJSI YNPYTOCTH, KOPPO3HOHHOMN
croiikocTH [1].

VYyensimu Actpun u CIHIA co3aHbl IpOYHBIE TUTAHO-MEAHBIE cIlIaBel A 3D-neuatu ne-
taneil. JlerupoBaHue MeIpI0 MO3BOJIMIO MOJIYUYUTh B CIIaBaX PAaBHOOCHYIO CTPYKTYpPYy C IOBBI-
HIEHHBIMHU POYHOCTHBIMU XapaKTEPUCTUKAMU [2].

B P® Benymyio posnb B pa3paboTKe HOBBIX THUTAHOBBIX ciuiaBoB 3aHumaer OI'YII ITHUU
KM «IIpomereity (PI'VII «lleHTpanbHbIil HaydHO-MCCIEOBATENbCKUNA MHCTUTYT KOHCTPYKIIHU-
oHHbIX MaTepuanoB «IIpomereit» um. akan. U.B. ['oppiHnHaY). YueHbIMU HHCTUTYTA pa3padboTa-
Ha TEOpHs JIETUPOBAHUS U TEPMOIIaCTUYECKOi 00pabOTKH Ha OCHOBE (PU3MUECKOTO B3aUMOJCH-
CTBHSI JIETHPYIOIIUX 3JIEMEHTOB B Ipejenax anb(da u 1mcesao-anbda TBEpAbIX PacTBOPOB THUTAHA,
Ha OCHOBAaHMU KOTOPOH CO3AaHa Lieas cepysl CIeUalIN3UpOBaHHBIX BBICOKOIIPOYHBIX U CpEIHE-
IIPOYHBIX TUTAHOBBIX CIUIABOB JJIi MAILIMHOCTPOEHUS, CyJOCTPOCHHUS, aTOMHOM 3HepreTuku: [1T-
3B, IIT-3M, IIT-7M, 27 u np. [3]. CiiaBbl OTIAMYAIOTCS BBICOKOM YEIBHON IPOYHOCTBIO U KOP-
PO3UOHHOM CTOMKOCTBIO, KOPPO3MOHHO-MEXaHWYECKON IIPOYHOCTBIO B MOPCKOM BOJE M arpec-
CUBHBIX CpeJaX, XJaJ0CTOMKOCTbIO, HEMarHUTHOCTBIO, YCTAJIOCTHON NMPOYHOCTHIO IPU BBICOKUX
TeMIIepaTypax, MaJIbiM KO3(pPHUINEHTOM TUHEHHOTO PACIIMPEHHS, XOPOIIEH CBAPUBAEMOCTHIO B
OTHOMMEHHOM COYETAHUU U C JPYTMMHU TUTAHOBBIMU CILIaBaMH; CBAPHBIE COEAMHEHUS B IIUPOKOM

127



Jara3oHe TOJIMH PaBHOIPOYHbI OCHOBHOMY METaJUTy; KpyHMHOTra0apuTHBIE CBApHBIE KOHCTPYK-
MM He TpeOyIoT TepMHYecKoil 06paboTku mocnie cBapku. [IpuMeHeHne 3THX CIIaBOB JJISL M3T0-
TOBJICHUSI KOMIUIEKTYIOIIUX O00OPY/IOBaHHUS MO3BOJIIET 3HAUYUTEIHHO YBEIMYUTH €ro pecypc npu
AKCIUTyaTallii, CHU3UTh SKCILUTyaTallMOHHBIC PACXObI M OOIIYI0 MacCy MAIlIUH U KOHCTPYKIUH [4].

N3 tutanoBeix cmiaBoB, co3aaHHbix B [[THUW KM «IIpomereit», U3roTaBiamBarOTCs OTBET-
CTBEHHBIC KOHCTPYKIIMHU, paObOTAIONINE B MOPCKOW BOJIE, IKCTPEMAaJIbHBIX YCIOBUAX M arpeCcCHB-
HBIX CpeJax: NTyOOKOBOAHAsI TEXHUKA, CBApPHbIE KOHCTPYKIMH 0CO00 OTBETCTBEHHOTO Ha3Haue-
HUS1, BBICOKOHATPYKEHHBIC Y3IIbI M IETAH 000PYI0BaHUS (IBHKUTEIILHBIC KOMILIEKCHI, PyJIEBBIE
YCTPOWCTBA, BaJIbl, MOIIIMITHUKH), TEITIOOOMEHHOE 000py10BaHKE (MTApOreHEPATOPhI, KOHICHCA-
TOpBI), TpyOHBIE CHUCTEMBI (TpyOBI, MPOXOIHYIO apMaTypy, KIamaHbl, 3aABWXKH, (UIBTPHI),
MOPIIHEBBIE U IIEHTPOOEKHBIE HACOCHI, MOTPYKHBIE AJIEKTPOJIBUraTeNId U TUAPABINYECKUE MPU-
BOJIbI, a TaK)K€ CHUCTEMBbI U 000pynoBaHMe, paboTaroliee B YCIOBHIX HEHTPOHHOTO OOIy4EHUS
Jutst MasorabapuTHbIXx ADY; MOpcKHe MH)KEHEPHBIE COOPYKEHUS ISl T0OBIYM U CPEACTB TPaHC-
MOPTUPOBKH YTIJIEBOAOPOJOB M JAPYTUX IMOJE3HBIX HCKOMAEMBIX M3 HEAp OKeaHa, Ha3eMHbBIE U
MOpCKHE TpyOOIPOBO/bI; JETAIM U Y3JIbl 000pyA0BaHuUs, pabOTAIOIET0 B SKCTPEMANIBHBIX YCIIO-
BUSIX TOBBIIICHHBIX TEMIIEpaTyp U naBleHus. B Hacrosmiee Bpems Poccus siBIsieTcs: TUIEpoOM B
o0nacTi co37aHMsl KOPIYCHBIX THUTAHOBBIX CIUIABOB M KPYIHOTa0apUTHBIX Ae(POPMHUPOBAHHBIX
1oy pabpuKaToB U3 HUX AJIsl TITyOOKOBOJIHBIX TEXHUYECKHX CPEACTB [5, 6].

B coBpemMeHHOE MalIMHOCTPOEHUE Bce 00siee MHUPOKO BHEAPSIOTCS KOMITO3UIIMOHHBIE MaTe-
pHuaibl (KOMIO3UTHI), 0071aCTU MPUMEHEHUS! KOTOPhIX MPAaKTUYECKU HE OrpaHu4YeHbl. HTEepeCcHbI
pa3paboTKH BBICOKOMPOYHBIX KOMIIO3MIIMOHHBIX MaTepUalOB HAa OCHOBE TUTaHAa. THUTaHOBbHIE
KOMITO3UTHI IIPUMEHSIOTCS B aBHAIIUU JIJISI BRICOKOHATPYKCHHBIX JETalei caMoJieTOB (OOIIMBKH,
JIOH)KEPOHOB, MaHeJel) U ABUrareiae (JIonaTKu KOMIIPECCOPOB U TYpOUH), B KOCMUYECKOU TeX-
HUKE JIJIS1 U3TOTOBJICHUS y3JI0B CHJIOBBIX KOHCTPYKIIMIA ammapaToB, MOABEPTaONIUXCS HATPEBY, B
aBTOMOOMIIECTPOSHUH 7Sl 00JeTYeHHsI Ky30BOB, peccop, paMm, 0aMIepoB U B APYTUX OONACTAX.
[IpuMeHeHre THUTAHOBBIX KOMIIO3UTOB CIOCOOCTBYET YBEIWYEHHIO MOIIHOCTH JIBUTaTeleH,
YMEHBIICHHUI0O MacChl MAlllMH M O0OpY/IOBaHUS, MOBBIIMIEHHIO BECOBOI 3(PPEKTUBHOCTU TpaHC-
MOPTHBIX CpeacTB [7].

KoMro3uiimoHHble MaTepHalbl BBIIEISIOTCS CBOUM CTpOCHHEM. KaKIIblii KOMIIO3UT COCTOUT
U3 IByX WK 0oJiee KOMIIOHEHTOB, pacmojaralinmxcs B MaTpuile. BO3MOXHOCTh codeTaHus pas3-
HOPOJIHBIX MTPOYHBIX BEIIECTB B COCTaBE KOMITO3UIIMOHHBIX MAaTEPHUATIOB CIIOCOOCTBYET CO3JaHHIO
HOBBIX MaTepHalioB, CBOMCTBAa KOTOPHIX MOKHO M3MEHSTh U MOJCTPaWBaTh MOJ HEOOXOAHMBIE
ycioBHs 00pabOTKH M SKCIUTyaTalluu.

[To cTpyKType KOMITO3HUTHI JENSTCS HAa HECKOJIBKO OCHOBHBIX KJIACCOB: BOJIOKHUCTBIC, CJIOU-
CThIC, IUCIIEPCHO-YNIPOYHEHHBIC, YIIPOUYHEHHBIC YaCTUI[AMU H HAHOKOMITO3UTHI. MUKPOCTPYKTY-
pa KOMITO3ULIMOHHBIX MaTEpPHaliOB XapaKTepU3YEeTCs T€M, YTO MAaTPHILy HAMOJIHSIIOT apMHUPYIO-
K€ BEIIeCTBa Pa3inuHoi hopMbl U pazmMepoB. Hampumep, B KOMIO3UTAX, YIIPOUHEHHBIX YaCTH-
[IaMH, pa3Mep YacCTHIl COCTABJIAET OKOJO 1 MKM, a comepxkanue cocraBiseT 20-25 % (mmo oObe-
MY), TOT/Ia KaK JUCTIEPCHO-YIIPOYHECHHBIC KOMIIO3UTHI BKIIIOYarOT B ¢ce0st oT 1 10 15 % (110 00be-
My) yacturl pazmepom oT 0,01 1o 0,1 MxM. Pa3zmepsl gacTuil, BXOJAIIUX B COCTaB HAHOKOMITO3H-
TOB — HOBOT'O KJIacCa KOMIIO3UIIMOHHBIX MaTEpHAJIOB — elle MEeHbIIE U cocTaBiIsA0T 10—100 HM.

CpaBHeHUE MEXaHUYECKUX U IKCILTYaTAllMOHHBIX CBOMCTB KOMIO3UIIMOHHBIX MAaTEpHUaJIOB Ha
OCHOBE TUTAaHOBOW MAaTPHIIbl U CBOMCTB TPaJUIIMOHHBIX TUTAHOBBIX CIIABOB IMOKA3aJio, YTO IO
psAAy mapaMeTpoB KOMIIO3UTHI CYIIECTBEHHO MX MPEBOCXOJAT IO KECTKOCTH, >KapOIMPOUYHOCTH,
M3HOCOCTOMKOCTH, MO COMPOTUBIICHUIO MOA3YYECTH U YCTAJOCTHOMY pa3pylieHuo [§].

W3BeCTHBI ¥ IPUMEHSIOTCSI COBPEMEHHBIC KOMITO3UITMOHHBIE MAaTEpHUabl HA OCHOBE THTAHO-
BOIl MaTpHIIbl, apMUPOBAaHHOW BOJOKHAMH METAITTMYECKHUMH, OKCHIHBIMH, KapOUIHBIMU. DTO
marepuanbl cucreM Ti—B, Ti-W, Ti—Al203, Ti—SiC, kaXaplii ©3 KOTOPBIX UMEET CBOU JOCTOWH-
cTBa ¥ HeocTaTku. CyIIeCTBEHHBIM X HEJOCTATKOM SBIISIETCS HEJAOCTATOYHAS KapOIIPOYHOCTb.

[TepcrieKTUBHBI BHICOKOIIPOYHBIC KOMIIO3WIIMOHHBIC MaTepUaibl HA OCHOBE WHTEPMETAJLIH-
noB tutana (TiAl, TizAl, Ti2AINb), koTOopbie COYETAIOT HU3KYIO IUIOTHOCTH, BBICOKYIO JKapo-
npouHocTh (> 600 °C) u yaenbHyr0 NPOYHOCTb, KAPOCTOMKOCTh, COMPOTUBIICHUE MOJI3YyUECTH,
JKECTKOCTH |8, 9].

128



Yuenbsimu OI'VIT «BUAM» (Bcepoccuiickuii HaydHO-UCCIIEIOBATEILCKIUIT HHCTUTYT aBHa-
[MOHHBIX MATEPUAJIOB) MPOBEIEHBI KOMIUICKCHBIE HCCIIECIOBAHMS IO CO3/IaHUI0 BOJOKHUCTBIX
KOMITO3UIIMOHHBIX MaTepUaloB Ha OCHOBE THUTAHOBBIX MaTPUIl JJIsl BHICOKOHATPYXEHHBIX KOH-
CTPYKIHNA. Y CTaHOBIIEHBI 3aKOHOMEPHOCTH MEXAY WX MEXaHUYECKUMHU XapaKTePUCTHKAMH, CO-
CTaBOM MaTpHIIbl HA OCHOBE THTaHa M 00bEMHOMI JoJieil HamonHuTens. B pesynpraTe OblIH pasz-
paboTaHbl MaTepuallbl HA OCHOBE MHTEPMETAIIMIA THTAaHA C JKaponpouHoCcThIo 10 650—700 °C
(BTU-4, BUT-1, BUT-5), nmpeBocXoas1ie KIMIOPTHBIE aHAJIOTH 10 (PU3UKO-MEXaHUUECKUM T10-
kazarenam: p = 4,5 r/em’, 62%= 1680 MIla, E?° = 200 I'Tla, 6°%c = 2300 MIIa [10].

[TpoBenénubplii aHanu3 B 00J1aCTH BHICOKOIIPOYHBIX MAaTEpUAIOB HA OCHOBE TUTAHA MO3BOJISIET
CeNaTh 3aKJII0YEHNE, YTO OHH JIOBOJIBHO YHUBEpCcaabHbL. O0IacTH UX MPUMEHEHHUS pacIpoCcTpa-
HSIOTCS KaK Ha MAalIMHOCTPOEHHUE, TaK U Ha CYJOCTPOEHUE, SACPHYIO SHEPTETHKY, aBUALIMOHHYIO
MIPOMBINIJICHHOCTD, JIEKTPOIHEPTETUKY, METUIIUHY U Jp. AKTUBHOE BHEAPEHUE BHICOKOMIPOYHBIX
MaTepUajoB Ha OCHOBE TUTaHA C MaJbIM YJEIbHBIM BECOM CIOCOOCTBYET MOBBIIIEHUIO TPOYHO-
CTH, CHIDKCHHIO BECa U IICHBI M3TOTABIMBAEMBIX MAIllH, 000PYI0BaHMs U KOHCTpYKuui. Pa3Bu-
THE HAyYHO-TEXHHUUYECKOI'0 Mporpecca U yHUKaJIbHbIE CBOWCTBA TUTaHa CIIOCOOCTBYIOT HE TOJIBKO
pa3paboTKe HOBBIX €ro CIUIABOB, HO U COBEPILIEHCTBOBAHUIO YK€ CYIIECTBYIOIINX.
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Ilepexoa ot aBTomoOuei ¢ /IBC k aexTpomModuasim

Annomayusn. B mocnenHee BpeMsi B aBTOMOOMILHOM MHPE BCE 4Yallle TOBOPAT 00 OTKaze Ma-
muH ¢ JIBC B monw3y snekrpomoOuieii. MHOTHE aBTOMPOW3BOJUTEIN BBICTYIAIOT C HOBO-
CTSIMH O CKOPOM MpeKpalleHuH mpous3BoacTsa MamuH ¢ JIBC u mepexonie K BBITYCKY dJIeK-
TPOKapoB. JIeHCTBUTEIBHO JIU B CKOPOM BPEMEHH MbI OyeM €3/IUTh Ha IMOJTHOCTHIO AJICKTPH-
YECKUX aBTO, WM BCE MPUBBIYHBIC HAM aBTOMOOWIIM €Il JOJIT0o OyayT JAep)KaTh CBOE Ipe-
BOCXOJICTBO?
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Transition from vehicles with ice to electric vehicles

Abstract. Recently, in the automotive world, more and more people are talking about the re-
fusal of cars with internal combustion engines in favor of electric vehicles. Many automakers
come out with news about the imminent cessation of production of cars with internal com-
bustion engines and the transition to the production of electric cars. Will we really be driving
all-electric cars soon, or will all our usual cars keep their superiority for a longtime.

Keywords: internal combustion engine, electric vehicle, fuel.

Camo co0oit pazymeercs, 4TO MHOTHE SIBISIFOTCS (DaHATaMU JBUTATEJIe BHYTPEHHETO Cropa-
Hus. OAHAKO 3TO HE O3HAuYaeT, YTO JIIOAU HEe OOpallaroT BHUMaHHE Ha CUIIOBBIE arperaTthl 3aB-
tpamuero Aas. Eme B 2012 r. mbl yBunenn moauduipoBanubiii Tesla Roadster, moka3zaHnHblii Ha
B3JIETHO-IIOCAJI0YHOM MOJIOCE U YAEPKABIIUKA CBOE MECTO CPEIU CYNEepKapoOB U TFOHUHTOBAHHBIX
aBToMOoOmIel. B To Bpemsi aeKTpOMOOMIM ObUTHA CIUIIIKOM «CHIPBIMY» TMPOAYKTOM, HO 3TOT PO/I-
cTep ObUT M3MEHEH U YHUYTOXHI BCE TaM, MO KpaifHeil mepe, Ha yeTBepTu Muian. C Tex mop
AIIEKTPOMOOWIIN CJIeNIaii TUTAHTCKUM CKa4oOK B MPOU3BOIUTENBHOCTH U 3()(PEeKTUBHOCTH, U3Me-
HUB MIPU ATOM MHOTHE YMbI. HO B TO k€ BpeMsi HU HEOOXOAUMBIE TEXHOJIOTUH, HU MOTPEOUTEINb-
CKHIi CIIPOC €IIe HEe COBCEM «Tam» IS DJIEKTPOMOOMIIEH, 4TOOBI TIOJTHOCTHIO CBEPTHYTH JABHUTA-
TeIh BHYTPEHHETO CrOpaHUS B KAa4eCTBE OCHOBHOTO MCTOYHHMKA ABMIKCHUS JII aBTOMOOWIICH,
TeM OoJiee, YTO MOPIIHEBHIE MAIIMHBI MMPOJIOJDKAIOT COBEPIICHCTBOBATHCSA. KOHEUHO, 31eKTpo-
JIBUTATENN OTJIMYHO TMOIXOMST JJIsi TIOBCETHEBHOW KM3HU U PaOOTAIOT B AJIEKTPOMOOMIISIX IS
HEMHOTHX M30paHHBIX, HO OHU €llIe He TOTOBHI K BbIXOMy B mpaiim-taiim. [louemy? Hayka, npy-
3bs1 MO, HayKa. HaM Hy»HO HayaTh ¢ KOHILIENLNH, HA3bIBAEMOM TUIOTHOCTBIO SHEPTUHU, WUJIU Ka-
KOH MOTEHIIUAIBHOMN CHIION 00J1aZjaeT BEIIECTBO 10 CPABHEHUIO C €T0 MacCOM.

Hampumep, moTeHIinas MOITHOCTH OJTHOTO TaJUIOHAa OeH3WHA SKBUBaJIeHTeH 139 GaHkaMm u3-
MOJT COJIBI JIUTHI-UOHHBIX aKKYMYJISITOPHBIX AJIEMEHTOB. baHKM MCTIOIB30BANIKCH, YTOOBI MPOJIe-
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MOHCTPUPOBATh, KaK JINTHI-NOHHBIE OaTapen BbIpakatoTcs B djeMeHTax. OJUH railoH OeH3HuHa
npou3BoauT B 13 pa3 Oosble 3HEPruu, ¥ 3a0aBHBIM (PaKT: ITOT raJuIOH OCH3MHA BECUT BCETO
mecTh pyHTOB! ONMH rauion O€H3MHA BECHT IIeCTh (PyHTOB, HO TTpou3BoauT 12 400 BaTT-4yacoB
Ha kuiorpamm (Btu/kr) mo cpaBHenuto ¢ 240 BTu/Kr U1t TUTHI-UOHHBIX aKKyMYJISITOPHBIX 3J1€-
MEHTOB. DTO 03HAYaeT, YTO ABUraTeU BHYTPEHHETO CrOpaHMsl UMEIOT ropas3io OOJIBIIYIO yIeNb-
HYIO MOULIHOCTH Ipu TOM ke Bece. Cyast o nuudpam, raion 6ersuna npousBoaut 12 400 Bart-
yacoB Ha kmiorpamm (Btu/kr) mo cpaBHeHuto ¢ 240 BTu/Kr ajis NTUTHIA-HOHHBIX OaTapei, 4To
o3HayaeT B 50 pa3 MEHbIINHN BEC MPU TOM XK€ KolIuuecTBe d3Hepruu. Ho 310 Tosbko ofHa sueiika
Oarapeu. [lockonbky akkyMyJsTOpHas OaTapesi COCTOUT U3 MHOXKECTBA TaKUX SUEEK, OHA MOKET
obrTh B 100 pa3 Tsoxenee. CpaBaute 311 6 pyHTOB OeH3uHa ¢ 6arapesmu Nissan Leaf EV nepso-
ro MOKOJIEHHUs, KoTopble Becuin 6osee 600 GyHTOB U MPOU3BOANIM TAKOE XKe KOJIUUECTBO dHEP-
run! Yucrenii pesynprar? s snekrpomMoOuiieit Tpedyercs ropasno 0osbline cBOOOAHOT0 oobeMa
JUI pa3MelleHus 6aTtapen, 4To OCTaBJIeT MEHbIIE I'PY30BOro npocrpancTBa. U 3ToT dakT Bams-
€T Ha BO3MOXXHOCTb HCIIOJIb30BaHMS JIEKTPUYECKOTO TPAHCIOPTA, TAKOTO KaK CaMOJIETHI, B TO
BpeMs KaK JIETKOBblE aBTOMOOMIIM TOJIBKO CE€HYac HAUMHAIOT BBIMOJIHATE CBOIO 33/1a4y pPa3yMHbBIM
o0pa3om Oaromapsi COBpEMEHHBIM TEXHOJIOTHSIM.

JlaBaliTe HAYHEM CpaBHEHUE C UCCIEIOBAHUS MPOUIEHHOTO PACCTOSIHUA «HA MOJHOCTBIO 3a-
PSDKEHHOM aKKyMyJsiTope uin 6ake». Kak u B ciydae co BceMu TPaHCHOPTHBIMH CPEJICTBAMH,
3TO PACCTOSHUE 3aBHCUT OT HAaBBIKOB BOJUTENS, HO C 3JIEKTPOMOOUISIMH, KPOME TOT'O, CYILIECTBY-
€T 3aBUCHMOCTb OT TEMIIEpaTypbl OKpPY’KaIOIIEeH Cpelbl; 3TO BIUSAET Ha MX JAIBHOCTH Mpobdera
ropaszo 0oJjbllle, 4eM aBTOMOOMIIM C JABHUIraTeIsIMH BHYTpEHHEro cropanus. OOIIecTBO aBTOMO-
ounbHbIX nHXeHepoB (SAE) omybaukoBano cpenuuii npoder mozaeneit Nissan Leaf B 3aBucumo-
CTH OT TeMIIepaTypsbl; rpauK MpeCTaBIeH Ha PUCYHKE.

Range vs. Ambient Temperature
140 -

120

) /_\

30 4

60

Range [km]

40

20 A

1
-30 -20 -10 0 10 20
Temperature [deg. C]

0

=]

I'paduk 3aBHCUMOCTH POUACHHOT'O PACCTOSIHUS OT TEMIEPATyPhl OKpY KaroIei cpeasl

OTO0 WUIIOCTPUPYET U3MEHYMBOCTh, KOTOPYIO YacCTO YIIYCKAIOT U3 BUAY IPU OLIEHKE JOCTH-
KUMOTO JuamnazoHa Oarapell, ckaxem, B [IpumMopckom Kkpae, Mpu MPOYUX PaBHBIX YCIOBHUSX,
TOJIbKO CHIDKEHHE TEMIIEPaTyphbl OKPYXKAromIeH Cpeabl MOXKET COKpPAaTHTh JANbHOCTH Mpodera
MPUMEPHO Ha 45 KM MO CPAaBHEHHUIO C JTy4IIUMH 122 KMm.

ArentcTBO 10 oxpaHe okpyskarouiei cpensl CIIIA (EPA) onpenenuio B CBOMX TECTax, UTO
00b19yHO Nissan Leaf morpebmsier 19 kBt4/100 kM, uTo coctaBiser 0,68 Merakoyieid Ha KUIo-
metp (M/Ix/kM). DTO cpenHmii pekopA HECKONIbKUX BoauTeneld. Ho HescHO, BKIIIOYAET JIU 3TO
YHUCIIO TaKXe CBsA3aHHbIE AP (EKThI, TAKUE KaK camopaspsi U3 aKKyMyJsITopa, KOrJa OH HE HC-
MOJIb3YETCsl, HArPEB CaJloOHA B XOJIOJHYIO TOTOAY W BIUSHHE CKOPOCTH 3apsiiku Ha 3((eKTus-
HOCTb 3apsAJKU. JTa moteps coctasisieT 5 % npu menneHHou 3apsake u 10 40 % — npu ObICTPOI.
[Torpebnenue 3IeKTPOIHEPTUU ABTOMOOMIIEM JIOJDKHO CUUTAThCSA OT «HACTECHHOI» PO3ETKHU K 3a-
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PSAAHOMY YCTPOWCTBY, @ HE TOJBKO OT aKKyMYJISITOpa K JBUTaTENI0 U BCIIOMOraTelIbHOMY 000py-
JIOBaHMIO. 5] MpOM3BOJIBHO NPEIIOIIATat0, YTO NOTEpHU cOCTaBIAOT 20 %, KOTOpBIE 3aTEM MEHSIOT
gucio 10 0,85 MJIx/km. Eciin yuects 33-nipouentasiii KIT/ ipu BeIpaOOTKE IEKTPOIHEPTHH U3
MCKOMIaeMOr0 TOTLTMBA, 3TO YUCIIO0 Bo3pacTaet A0 2,5 MJx/kM.

Takxke sKOJIOrMYecKasi OMacHOCTh JIEKTPOMOOUIIEH KPOETCs B CaMOM IPOU3BOJCTBE aKKY-
MyIATOpHBIX OaTtapeil. [lo pacdyeram y4eHBIX, MPEANPHUATHS, KOTOPHIE BBIMYCKAIOT aKKyMYIIsi-
TOpHBIC OaTapeu, BHIOPACHIBAIOT B aTMOCc(epy Kyza 0oJbilie BPEAHBIX BEIOPOCOB, YeM aBTOKOH-
[EPHBI. BBISICHUIIOCH, UTO TPU MPOU3BOJICTBE MAIITUH HA AJICKTPOTSITe B aTMOC(hepy TaKkKe BBIXO-
JUT B JIBa pa3a 0oJibllle MApHUKOBBIX T'a30B, UTO, KaK 0Ka3aJOCh, CBSI3aHO C MOBBIIIEHHBIM SHEP-
ronotpebieHueM BBUIY TeXHOJOrmyeckux mnpuuuH. [lo pacuéram mccienoBareneif, TOIbKO Ha
MIPOU3BOJCTBO OAHOTO 3JIEKTPOMOOWIISI PacXOIyeTcsi SHEprusi, SKBUBAJEHTHas ckuranuio 10
ThIC. 71 OCH3HMHA, a TAKOW 00BbEM JOCTATOUECH /ISl TOE3/I0K OOBIYHON MAIIMHEI CPEHETO Kilacca Ha
Bech nepuoj e€ skcruryaTanui. OCHOBHAs A0S SHEPro3aTpaT U TOKCUYECKUX BHIOPOCOB MPUXO-
JUTCS Ha BBITYCK aKKyMYJIATOpOB. J[axke Ha 3Tare mpou3BOJICTBA dIEKTPOMOOHIIEH PUCKH IKOJIO-
THYECKUX TMOCIEACTBUI B pailoHax pa3MeIlIeHHs 3aBOJIOB, TAKUX, KaK KHUCJIOTHBIE JOXIU U CO-
KpalieHue OMopecypcoB, TOpa3ao BbIIIE, YeM ISl OOBIYHBIX aBTOCTPOUTEILHBIX MPEANPUATHH,
OTMEUaIOT yuéHble. AKKyMYJISTOpHbIE OaTapen HecyT B ce0e OOJbIIoe KOIUYECTBO TOKCUYHBIX
3JIEMEHTOB, 3TO CBSA3aHO C UX OOJBIINM BECOM M CAMUM COCTaBOM. B cocTaB GaTapeil BXOAT BbI-
COKOTOKCUYHbIE KOMIIOHEHTHI, B TOM UYHWCJE JUTHUHA, ONACHbIE COCTMHEHUS HUKEIs, MeIU U ajto-
MUHUS, KoOanbTa. Takue siIbl TOpa3ao OmacHee, YeM BBIXJIONMHBIC ra3bl. BBUAY OrpaHUYEHHOTO
CpOKa CIIyObI aKKyMYJISITOPOB — JI0 TSITH JIET — OCTPOM CTaHOBUTCS MpoOJeMa UX yTUIU3aLUU.
JlaHHas mpouenypa CloXHa U TPyAOEMKA, KpallHe J0pOra, T.€. yrpo3a HapylLIEeHUN TEXHOJIOTUU
yTUIM3anuu Ha (GoHEe MacITaOHOTO MPOU3BOACTBA AIEKTPOMOOWIeH Hen3bexHa. Jlaxke mpu co-
OJIF0JICHUN HOPM KOJIOCCAIIbHBIE 00BEMBI PaOOT MPHU yTHIM3ALNUN YPEBATH PUCKAMH 3arPS3HCHUS
OKpy>karomiei cpenbl. [lepepaboTka akKyMyJISITOPOB — 3TO U OYEHB DHEPro3aTpaTHBIM MPOIIECC.
Jst u3BneueHus: MeTaIjIoB U3 Oarapeil TpeOyeTcst MOYTH B IECAThH pa3 OOoJbIe SHEPTUU, YEM TIPU
UX IPOU3BOJICTBE, YTO 3aKOHOMEPHO BBI30BET HapalluBaHue 00bEMOB BbIOpocoB Ha TOC. A ato
B CBOIO OUYE€pPE/Ib CIIPOBOIMPYET TOJBKO OOJIbIIIEE 3arpsi3HEHNE OKPYIKAIOIIEH CPeIbl.

B cuny 1oporoBusHbI 1 HECOBEPILIEHCTBA MPOU3BOACTBA AJIEKTPOMOOUIIEH €TMHCTBEHHBIM UX
MPEUMYIIIECTBOM Iepe/i OOBIYHBIMU MAlTMHAMH SIBJISIETCS OTCYTCTBUE 3arpsI3HSAIONINX BBIXJIOMOB.
Ecnu nocne ux JUTEIbHON 3KCIUTyaTallud OKAaXKETCsl, YTO OHM HAHOCAT OOJIBIIMM Bpell OKpYIKa-
IOIIEH cpene, HeXkenu cTaHaapTHele MamuHel ¢ JIBC, To 0 UX mpou3BOACTBE MOXHO OyJleT 3a-
ObITh. Torma yenoBeuecTBy NPUAETCS UCKATh APYTHUe CIOCOObl YMEHBLIECHHUS BEIOPOCOB ISl JINY-
HOTO TpaHCHOpPTa.
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The role of containers and packaging in warehousing logistics

Abstract. The article discusses the work of the warehouse complex, its functions, the classifi-
cation of containers and packaging. The role of packaging and containers in warehousing lo-
gistics has been determined.

Keywords: logistics, warehouse, container, packaging, warehousing, functions.

Cknazickue CUCTeMBI CHOCOOCTBYIOT NMpPeoOpa3oBaHUIO MaTE€pPHAJIbHBIX MOTOKOB, M3MEHSSA
napamMeTpbl IPUHUMAEMbIX U BBIITYCKa€MbIX HapTHil rpy3oB. Takum oOpa3zoMm, Lienb CO3AaHUs U
(YHKIIMOHMPOBAHUS CKJIAJCKUX CHCTEM B TOM, YTOOBI NMPHUHHMMATh C TPAHCIOPTA IPYy30IOTOK,
nepepadbaTbIBaTh U BbIJABaTh €r0, BO3MOXKHO, YK€ ¢ ApyruMu napamerpamu. Kpome toro, nas-
HBIE OTIEPAINH JOJDKHBI OBITH BBITIOJHEHBI ¢ MUHUMAIBLHBIMHU JIOTHCTHYECKUMU 3aTpaTaMu C Iie-
JbI0 opranu3anuu 3QpPeKTUBHOM cucTeMbl ckiaaupoBanus [1].

Jloructuka CKJIaAUPOBAHUS — 3TO KOMILJIEKC B3aMMOCBSI3aHHBIX (YHKIMH, pealu3yeMbIX B
mpoIiecce nepepadoTKH MaTEPHAIBHOTO MTOTOKA HA TEPPUTOPHUH CKIIAJICKOTO XO3siCcTBa [2].

[Tpu paboTe ckiama peanu3yoTcs Caeayronme GyHKITUH.

1) KOHIIEHTpalus M XpaHEHUE 3allacoB, 00ECIEUMBAIOUINE OCYIIECTBICHUE HENPEPHIBHOIO
MIPOM3BOJICTBA WJIM CHAOKEHHS MPU OTPAHUYEHUH, CBSI3aHHOM C UCTOYHHKAMHU PECYPCOB U KOJIe-
OaHUSAMH TOTPEOUTENILCKOTO CIIPOCa;

2) KOHCONM AU TPY30B M0JIpa3zyMeBaeT 00bEJMHEHHE TPY30B B 00jiee KPYIHYIO CMEIIaHHYIO
HapTHUIO OTHPABKU NMOTPEOUTENSAM, TEPPUTOPHATIBHO PACIIOIO0KEHHBIM B OTHOM paiioHe cOBbITa;
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3) pa3ykpynHeHHe Ipy30B — COPTUPOBKA Ipy3a Ha Oosiee MeJKHe MapTUH, IPeJHA3HAUYCHHbIE
HECKOJIbKUM 3aKa3yHlKaMm;

4) ynpaBieHHE acCOPTMMEHTHBIM COCTaBOM — 3TO HaKOIUIEHHE M (OPMHUPOBAHUE ACCOPTHU-
MEHTa NPOAYKIUH B OXKUIAHUU 3aKa30B MOTpeOUTENEH ¢ MOCIeayIouled uX COpTUPOBKON B CO-
OTBETCTBHH C 3aKa3aMHu;

5) KOMIUIEKTAIMsI MapTUH Tpy3a MOJAPa3yMEBaeT MEPECOPTUPOBKY I'Py30B, MOTYUYCHHBIX OT
MOCTaBIIMKOB, U UX 00BbEIMHEHNUE B TAPTHH OTIIPABKH IMOTPEOUTEIISIM;

6) mpenocTaBiIeHUE yCIyr, @ UMEHHO:

- MaTepUabHBIX (BHYTPUCKIIAJICKas epepaboTka, MapKUpPOBKa, (hacoBKa, yIaKOBKa U T.1.);

- OpPraHU3alMOHHO-KOMMEPYECKHX (3aKJIIOUEHHE JOIOBOPOB € TPAHCIIOPTHBIMU ar€HTCTBAMU,
MOJArOTOBKA U JI0CTaBKa TOBAPOCONPOBOIAUTEIBHBIX JOKYMEHTOB, HHPOPMHUPOBAHNUE O KPEIAUTO-
BaHUM, MPEJOCTABICHUE B3aliMbl XpaHUMBIX TOBApOB, PEATU3ALMs H3IUIIHUX MaTepUaIbHBIX
LIEHHOCTEN IyTeM NepepacnpeieeHnsl WM Ha KOMUCCHOHHBIX Havyasiax U T.1I1.);

- CKJIJICKMX (IIpYEM Ha BpEMEHHOE XpaHeHHE MaTepHallbHbIX LIEHHOCTEH, COPTUPOBKa, caaya
B apeH/1y CKJIAJICKHX TUIOLaieH u ap.);

- TPAHCIOPTHO-3KCILTYaTallMOHHBIX (JI0CTaBKa TOBapa KOHEYHBIM MOTPEOUTENsIM M MpPeao-
CTaBJICHUE IKCIIEUTOPCKUX YCIIYT C OCYLIECTBIEHUEM Pa3rPy3KH);

7) opraHu3aiys IepeBaIKu rpy30B (Kpocc-A0KHUHT) [3].

[lepemenienue OOMBIIMHCTBA TOBAPOB U3 CKIIAJCKUX MOMELIEHUH B chepy noTpeliaeHus He-
BO3MOJKHO 0€3 YITaKOBKH.

OCHOBHBIM 3JIEMEHTOM YIAKOBKH SIBIISIETCA Tapa.

HenpemeHHBIM yCIOBHEM pallMOHAIBHOM OpraHm3aluu paboT Ha CKIIaJe SBJSETCS HAIU4ue
Pa3sHOBUIHOCTEH TPAHCIOPTHO-CKJIAJICKOM Taphl, a TaKXe CKJIAJCKOro 0O0OpYIOBaHUS Ul pa3-
MEILEHUs U IepeMEeILeHHsI IPY30B U TOBAPHOM MPOAYKLUH.

Cornacno I'OCT 17527-86 «YnakoBka. TepMUHBI U ONpeAEICHU» 0] YIAKOBKOW ITOHUMa-
eTCs CPEeJICTBO MM KOMIUIEKC CPEACTB, 00ECIICUMBAIOIINX 3AIUTY MPOAYKIMH OT MOBPEXKICHUN U
MOTEePh, OKPY>KAIOIIEH Cpebl, 3aTPsI3HEHUH, a Takke 00eCIeUYNBAIOIINX Mpolece oopateHus [4].

Tapa — 3T0 OCHOBHOM 3JIEMEHT YIAKOBKH, MPEACTABISIONINI cOO0N u3aenue i pa3Melie-
Hus npoaykuuu. [lpu 3Tom BaxkHO 0OecrneuuTh MOJHYI COXPAHHOCTh KOJIMYECTBA, KayecTBa U
TOBAPHOI'O BUJA MPOIYKIMH HAa BCEM ITyTH ee cienoBanus. C Lenblo 3alUThl NIPOAYKIUU OT Me-
XaHUYECKHX, KIMMaTHYECKUX, OMOJIOTHYECKUX U APYTUX BO3AECUCTBUM M oOecrieueHHs ee Kade-
CTBEHHOM COXpaHHOCTH NPH TPAHCIIOPTUPOBAHUM M XPAHEHUH IPUMEHSIOT pa3INuHble BU/bI Ta-
PBI M YIIAKOBKH.

Tapa xapakrepusyercs MHOroo0pa3ueM BHJIOB, THIIOB KOHCTPYKIIMH, pazHOOOpa3uem Mpu-
MEHSIEMBbIX Ul €€ U3TOTOBJICHUS MaTepPHaiOB U IUPOTOH cep npuMeHeHus. ITo 00yclaBiIuBa-
eT ee kiaccudukanuio. Bece MHOroo6pasue Tapel mo cBoeMy (PYHKIHMOHAIBHOMY Ha3HAYCHHIO
MOJPA3IENAETCs] Ha TPAHCIIOPTHYIO U NOTPEOUTENBCKYIO (YIIAaKOBKY) [5].

[To mpumMeHsieMBbIM MaTepHagaM Tapa ObIBaeT:

- IepeBsiHHAS;

- KapTOHHas;

- OyMakHas;

- MeTaJJIMYeCKas;

- IOJIUMEpHas;

- TKaHeBas;

- CTEKJISIHHAS;

- U3 KOMOMHUPOBAHHBIX MaTEPHAIIOB.

[To pa3zmepam Tapy pa3nuyaroT:

- KpyTHOTa0ApUTHY1O;

- MaJIOrabapuTHYIO.

K xpynHorabapuTHOM OTHOCUTCS] TPAaHCIIOPTHAS Tapa, pa3Mephl KOTopoil npespimarot 1200 x
1000 x 1200 mMm.

B 3aBuCHUMOCTH OT KpaTHOCTH HCIOJIb30BAaHUS Pa3IMUaloT Tapy:

- pa3oBy1o (MpegHa3HaYeHa Ul OJHOKPATHOTO UCIIOJIb30BAHUS MTPU OCTABKAX MPOIYKLIUN);

- BO3BpaTHYIO (ObIBIIAs B yHOTPEOIECHUH U UCIIONIb3yeMasi TOBTOPHO);
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- MHOTOOOOpOTHYIO (TIpeHa3HaueHa JIsi MHOTOKPATHOTO €€ MCIOIb30BaHUsI P MOCTaBKax
MPOJTYKIIUH).

[To cremeHu >KECTKOCTH KOHCTPYKIMH, T.€. IO CHOCOOHOCTH K CONPOTHBJICHHUIO BHEIIHUM
BO3/ICUCTBUAM U COXPAaHEHUIO CBOCH NIEpPBOHAYANILHOW (POPMBI, Tapy pPa3IUyYaloT:

- )KECTKYI0 (He MEHSET CBOMX (JOpPM U pa3MepOB MPH 3allOJIHEHUHU MPOIAYKIMEH U MpU TpaHC-
MOPTUPOBAHUHU U XPAHEHUHU MPOIYKIUH CTIOCOOHA BBIIEP’KUBATH BHELTHUE BO3/ICHCTBUA);

- MSTKY10 ((hopMa MSTKOM Taphl CYIIECTBEHHO MEHSETCS IIPU 3aIl0JIHEHUH €€ MPOIyKIueh);

- TIOJTY’)KECTKYIO (MEHEe YCTOMUMBA K BHEIIHUM BO3JIEHCTBUSAM, HO MIPH HE3HAYUTEIHHON Je-
(dhopmaruu mocie 3armoJIHEHUSI TOBAPOM COXPaHSET B OCHOBE CBOIO TMEPBOHAYAIBHYIO (hOpMY).

[1o KOHCTPYKTUBHOMY UCHOJIHEHHIO Tapy MOAPA3IEIISIIOT:

- Ha HEPa30OPHYIO;

- pa3bopHyI0;

- pa300PHO-CKIIA/IHYIO.

B 3aBucUMOCTH OT HaJIMUUS KPBIIIKH WIH APYroro YKymopouHOTO CPEJCTBA Tapa ObIBaeT 3a-
KPBITAst U OTKPBITASL.

[To repmeTnyHOCTH Tapa pa3AeiseTcs Ha TEPMETUYHYIO U HETepMeTUYHyr0. PazHoBuaHOCTSI-
MU T€PMETHYHOMN Tapbl SBIAETCS MbLJIE-, CBETO-, )KUPO -, Ta30- U MapOHEIPOHUIIaeMasl.

Ucxons n3 cnenuduku yHKIIMOHATHLHOTO HA3HAYCHHSI U OCOOCHHOCTEH KOHCTPYKTHBHBIX
UCIIOJIHEHUH, Tapy pa3IMyaroT:

- U30TEPMHUUYECKYIO — 3TO Tapa, BHYTPU KOTOPOM COXpaHSETCs 3aJaHHasi TeMIiepaTypa B Te-
YEHUE OTPEICICHHOTO BPEMEHU;

- M300apUYECKYI0 — 3TO TepMETHYHAs Tapa, BHYTPU KOTOPOI COXpaHSETCs 3a/laHHOE JIaBJICHNUE;

- a3PO30JLHYIO — ATO M300apHUecKas Tapa ¢ paCHbUTUTEIILHBIM KJIAIaHOM, TPUIAIOIINM TIPO-
JOYKIMY TIpU ee OTPeOIeHNH a3p030JIbHOE COCTOSIHUE.

[To mpuHaAIEKHOCTH U YCIOBUSM UCIIOJIb30BAHUS TAPy JETISAT:

- Ha MPOU3BOJICTBEHHYIO;

- UHBEHTapHYIO;

- CKJIAJICKYIO.

[TpousBoacTBeHHas Tapa MpeAHAa3HAu€HA ISl XpaHEHHs], MEePEeMEIICHUs U CKJIaJupOBaHUs
CBIPBS, 3aTOTOBOK, JeTajeil, COOPOYHBIX €TUHUI], TOTOBOW MPOAYKIIMH, a TAK:Ke OTXOJOB B MPO-
W3BOJICTBE.

WuBenTapHas Tapa — 3T0O MHOTOOOOPOTHAs Tapa, MPUHAANEKAIAs KOHKPETHOMY MPEIIpHsi-
THUIO U TIOJJIeKAIIasi BO3BPATy TaHHOMY IPEIIPUSTHIO.

Ckuiaackas Tapa npeactaBisieT co00il pa3HOBHAHOCTh TPAHCIIOPTHOM Taphl, UCTHOIb3yeMOU
JUTSI IPUEMKH, XPAaHSHHSI U KOMIUIEKTAI[MH MPOIYKIIUU B CKIQICKHX YCIOBHSIX.

Tapy, oOecreunBaroNIyIo 3aluTy YIaKOBaHHON MPOIYKIWU OT BO3JICUCTBUS PaJNOAKTUBHBIX U
OTPABJISIIOIIMX BEIIECTB, a TAKXKE OaKTepUATbHBIX (OMOIOTMYECKUX) CPENICTB HA3bIBAIOT 3aIIIUTHOM.

B 3aBucumoctu oT cdepbl NpUMEHEHUs pa3lInyaroT YHHUBEPCAIbHYIO M CIEUATU3UpPOBaH-
HYIO Tapy.

VYHuBepcalbHyI0 HCIOJNB3YIOT Ui YNaKOBBIBAaHUS, TPAHCIOPTUPOBAHUS W XpaHEHHs pas-
JUYHBIX BUAOB MpoayKiud. Crenualnu3upoBaHHYIO — JJIi OJHOM KaKOW-JIMOO OIpeaesieHHON
MPOAYKIMH WIH JIJI ONPEAEICHHBIX YCIOBHM dKCIUTyaTauu [6].

Posib ynmakoBKM W Tapbl B JIOTUCTHKE CKIIQJUPOBaHUS ompenensercd GyHKIUSIMHU, KOTOpbIe
OHM BBITIOJHSIOT. DTH (QYHKIIMH CBOISTCS K CIEAYIOIIUM:

a) TpeloXpaHEeHHE TOBapa OT BPEIHOTO BO3JCUCTBHUS BHEUIHEH Cpe/bl, a TaK)Ke BHEIIHEH
Cpellbl OT BPETHOTO BO3JICHCTBUS TOBAPA;

0) 3ammTa TOBapa OT BIMSHUS APYTHX TOBAPOB;

B) oOecIieueHne YCIOBUI I COXPaHHOCTH KOJMYECTBA M KadecTBa TOBAPOB HAa BCEM IyTH
WX JIBIKCHUS U3 CPEephl IMPOU3BOICTBA B c(hepy MOTPEOICHUS;

') MpHUIAaHUE TOBapaM U APYTHUM Tpy3aM HEOOXOAMMOW MOOWIIBHOCTH M CO3JaHUE YCIOBUI
JUTS MEXaHHU3aIUK TPYIOEMKHX omneparuii U 6ojee 3(p(GEKTUBHOTO MCIIOIB30BAHHS CKIAJICKUX U
TOPTOBBIX ILUTONIAAEH;
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1) co3aaHue Oosee OIArONpUsITHBIX YCIOBHUH Ui IPUEMKH TOBapOB IO KOJUYECTBY U Kaye-
CTBY M YA0OCTB ISl KOTMYECTBEHHOTO UX YUETa;

€) BBITIOJIHEHUE POJIM HOCUTENSI KOMMepUYEeCKOi HH(OPMALIUK U TOPTOBOM pEKIIaMBbl;

) UCIOJIb30BAHKE Taphbl HE TOJBKO KaK CPEACTBA JJIsl pa3MELICHUs TOBapa, €ro TPaHCIOPTH-
pPOBaHMSI U XpPAaHEHHUS, HO U KaK CPeJCTBa Ui BBHIKJIAJAKU U MPOAAKH TOBApOB B TOPIrOBOM 3ajie
MarasuHa (Tapa-o00opyaoBaHue).

U3 Bcex QyHKIMI Tapbl U YIIAKOBKH MOHO BBIIETIUTH TPU OCHOBHBIE TPYNIbI QYHKITHI:

- 3alUTHAS;

- obecrieueHue y100CTBa TPAHCTIOPTUPOBKHU U TPy301epepadoTKH;

- nHpopMarMoHHas [5].

Bce texnuueckoe pa3zHooOpasue CKJIaJoB BO MHOTOM OIIpENEseTCs] UCIOIb3YeMOU Tpy30-
€IMHULEH U TOW Tapoil WM yIaKOBKOH, B KOTOpOW oHa ckiaaupyercsa. OT 3TOro 3aBUCAT OIpe-
JeJieHue crmoco0a  CKIIaIUpPOBAHUSA, BBIOOP HEOOXOAUMOTO O0O0OPYIOBaHUS, IOIHEMHO-
TPAHCHIOPTHBIX MEXAaHU3MOB M pacyeT UX MapaMeTpoB, OINpeNeIeHue HEOOXOUMbIX TUIOIMIAICH,
TUIIA TIOMENICHUSI, OpTaHU3aI|H MPOLIecca pa3rPy3KU/BbITPY3KU, pa3MelleHus, XpaHEHUs, TIOUC-
Ka ¥ JIp.

Tapa BiauseT Ha ypOBEHb M3AECPKEK BCEHM JIOTMCTUYECKOUN NesaTenbHOCTH. KOHTpoib 3a co-
CTOSIHUEM 3aIlaCOB BO MHOT'OM ONpEAENSeTCS TOYHOCThIO MACHTU(DHUKAIIMY TPY30B, a UICHTH(U-
KallMOHHYIO MapKHpPOBKY HeceT B cebe ymakoBka. CKOpOCTb, TOUYHOCTh U 3(P(HEKTUBHOCTH MOI-
cOOpPKH 3aKa30B TOXE 3aBUCHUT OT HAJIC)KHOCTU UJCHTU(UKAIIUHN YIIAKOBOK, UX (OpMBI U rabapu-
TOB, a TaK)Ke OT MPUTOJHOCTU UX K rpy3omnepepadoTke. Pacxoapl Ha TPaHCIOPTUPOBKY U XpaHe-
HHE MPSMO 3aBHCAT OT KauecTBa Tapbl. Tapa 1oikHa ObITh IPOYHOM, y100HOM, HH(POPMAILIMOHHO
HACBILIEHHOW M COOTBETCTBOBATH HKOJIOIMYECKUM CTaHJIapTaM. Hamuuue Bcex 3THMX CBOMCTB IO-
BBIIIAET MOTPEOUTEITHCKUE KaYeCTBAa MPOAYKTOB M, COOTBETCTBEHHO, YPOBEHb JIOTHCTUYECKOTO
cepsuca [7].

OCHOBHYIO POJib B JIOTUCTHKE CKJIQJMPOBAHUS UTPAIOT TaKue BUJABI Taphl, KaK MauIeThl U
KoHTelHepkhl. [lamneTom (MoaqoHOM) Ha3bIBAETCS TOPU3OHTATIBHAS IO IKa MUHIMAIbHOM BBI-
COTBI, COOTBETCTBYIOIIAsI CIOCOOY MOTPY3KH C MOMOIIbIO BUJIOYHOW TENEKKHU WM BHIOYHOTO
MOTPy34YHKa U JAPYTUX TEXHUYECKUX CPENICTB, MCIOJb3yeMas B KauyecTBE OCHOBAaHMS Jisi cOopa,
CKJIQJIMPOBAHMSI, IEPETPY3KHU, TPAHCTIOPTHPOBKHU TPY30B.

OCHOBHOI TIETTBIO UCIIOJIB30BAHMUS TTAJUIETOB B JIOTHCTUKE SIBIISIETCS CO3/IaHUE ONITUMAITbHBIX
IPY30BBIX €IMHUI], pacrojaraéMblX Ha CTaHAAPTHOM IO pa3Mepy HalljieTe WIH TPAHCIIOPTHOM
psize mayuieToB. [[Jis 3TOTO CyIIECTBYET €BpONnecKuid ctanaapt 6azoBoro Mmoaysist 600 x 400 MM,
B COOTBETCTBUU C KOTOPBIM CTPOUTCS IIeJiasi CEpUsi BOZMOXKHBIX MMAJUIETOB C YHU(PUIIUPOBAHHBIMU
pasmepami.

Hapsiay ¢ manneToM BaxkHasi poJib B IOTUCTHUECKOM YTPABICHUH MPUHAANICKUT KOHTEHHEDY .
Konrelinep — eanHUIAa TPAHCTIOPTHOTO 00OPYIOBaHUS MHOTOKPATHOTO NMPUMEHEHUS IS mepe-
BO3KH U BPEMEHHOTO XpaHEHUs TPpy30B. OH SIBISIETCA CHEMHBIM OpPraHoM (Ky30BOM) TPaHCIOPT-
HBIX CPEJICTB (aBTOMOOWIICH, BarOHOB, CYJIOB, CAMOJIETOB H Jp.), IPUCIIOCOOJICHHBIM I MeXa-
HU3UPOBAHHOMN TMOTPY3KH, BBITPY3KH U MEPETPY3KU C OJHOTO BHUIA TPAHCIOpPTa HA Apyrou. Pasz-
MEpbI U eMKOCTh KOHTEHHEPOB COOTBETCTBYIOT TPY30IOIEMHOCTH M TadapuTaM TPAaHCIIOPTHBIX
cpeacts [6].

O0600m1as Bce BBIMIEU3I0KEHHOE, XOTEJIOCh ObI T00aBUTH Mapy CIIOB O 3HAYCHUHU TPUMEHE-
HUSl Tapbl B MPOIECCE TPAHCIIOPTUPOBKHU U CKIIaaupoBaHus rpy3oB. C Touku 3peHust QyHKIUN
Tapa MOXKET OBITh CPEJCTBOM HIJIH BBICTYTIATh KaK KOMILJIEKC CPEICTB, KOTOPBIE JTOJDKHBI 00ecTe-
YHBaTh 3alIUTY Tpy3a U Oepeyb ero OT NoTeph NPU TPAHCTIOPTUPOBKE, CKIAAUPOBAHUH, YKIAIKE,
NepeBajIKe W IPYTHUX Olnepanusax. BaHO OTMETHTD JOTHCTHYECKHE (DYHKIIMU Tapbl, UIMEHHO OHH,
KaK MPaBUIIO, OMPEACIAIOT Pe3yIbTaTUBHOCTh MAHUITYJISAIIMOHHBIX, TPAHCIIOPTHBIX, CKIAACKUX U
JIPYTUX MEPOIPHUATHI, KOTOPBIE B CBOIO OYEpEeab ONPEICISIOT MPUTOAHOCT YIIAKOBAHHOTO TO-
Bapa K MEXaHM3allMM U aBTOMATH3aI[MH MPOIECCOB. YHHUUTOXKEHHUE WM MOBPEKICHHE TOBapa
MOYET OBITh NPUYMHOW BO3SHUKHOBEHHS YOBITKOB IO II€HE, HE COMOCTAaBUMON CO CTOMMOCTBIO
ynakoBbiBaHUs. [loaTOMy Tapa oMKHA UMETh CTaHIAPTHBIN pa3Mep, 4To 00JeryaeT B JalbHEH-
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IEM CKJIaJUpPOBaHUE U (POPMUPOBAHUE TPY30BBIX MeCT. CHUKEHUIO JOTMCTUYECKUX PACXOM0B,
MOBBIIIEHUIO OecriepeOOMHOCTH U HAJEKHOCTH JIOTHCTUYECKUX IPOLIECCOB Ha CKJIA/e JIOJIKHO
CHocoOCTBOBATh PAa3BUTHE BUIOB pa3MEIIEHHs] IPy30B U COBEPIICHCTBOBAHHE JIOTUCTUYECKHUX
(YHKIMN TPAaHCTIOPTHO-CKIIAJICKON Taphl.
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Korna HyXHO OTHpaBUTH I'py3 Ha JaJIbHEE PACCTOSIHUE, BBITOJIHEE MIEPETIPABUTH €0 MO BOJE.

OTO KacaeTcsl U MEepeBO3KH ONACHBIX T'PY30B — BEILIECTB, MATEPUAIOB U U3JEIHUNA, 00Ia1at0INX
CBOfICTBaMI/I, IMMPOABJICHHUEC KOTOPLIX B TPAHCIOPTHOM MPOHECCEC MOKCT IPUBECTU K FI/I6CJ'II/I,
TPaBMHUPOBAHUIO, OTPABIICHUIO, OOMYyUEHHUIO W 3a00JICBAHUIO JIIOJCH W KUBOTHBIX, a TaKXKE K
B3pBIBY, MOKapy U MOBPEXKACHUIO COOPYKEHUN M TPAHCHOPTHBIX CPEACTB, U COOTBETCTBYIOIIU-
MU KJIaCCH(PMKAIIMOHHBIM TTOKa3aTeNIsIM | Kputepusm [1].

[To cTeneHu u XapakTepy OMACHOCTH BhIACIAETCS 9 KIIaccoB, TPEOYIOMUX OCOOBIX yCIIOBUIA

TPaHCIIOPTUPOBKH TPYy30B:

1. B3ppiBuaThie BeliecTBa U MPEIMETHI, CIIOCOOHBIE CIIPOBOLMPOBATH B3PHIB (OOEMpHUIIACHL,

JIETOHATOPHI U T. 11.).

2. Cxatble, CKMKEHHBIC TUOO PAaCTBOPEHHBIC MO/ IaBIICHUEM Ta3bl.
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3. XKuakocT 1 cMeCH KUJIKOCTEN, KOTOPBIE JIETKO BOCILIIAMEHSIIOTCS.

4. BemectBa, KOTOpbIE B MPOILIECCE TPAHCHOPTUPOBKU MOTYT 3aroperbcs (B pe3yJsbTare
HarpeBa, TPeHUS, XAMUYECKUX PEAKIINMN).

5. Boigenstoniye KUciaopo/1 BEUIECTBa, KOTOPbIE MOTYT JIETKO BOCIUIAMEHUTHCS (B30PBAThHCs)
MIPU CMEIICHUH C IPYTUMHU BEIIeCTBaAMHU.

6. BermectBa, KOTOpPBIE CIIOCOOHBI TOCTYKUTh HCTOYHUKOM 3apasKeHUs JIS JIFOICH WIIH KH-
BOTHBIX.

7. PagyoakTHUBHBIE BEIIECTBA U U3JICIUS U3 HUX.

8. Enxue BemiecTBa, CocOOHBIC BBI3BATh MOBPEXKIACHUE KOXKH JIHMOO CIM3UCTHIX 000JIOYEK,
OTpaBJIeHHE YelloBeKa JTM00 KOPPO3UH TPAHCIIOPTA U 00OPYAOBAHHUS.

9. dpyrue BemiecTsa, 00J1a1ar0e OaCHBIMHU CBOMCTBaMU [2].

OCOOCHHOCTH TPAHCTIOPTUPOBKHU OIMACHBIX TPY30B MOpPEM

Hcnonp3yemprit Crnenmann3upoBaHHbIC cyaa (TaHKePhl, XKMOBO3bI, Ta30BO36I), THO0 OOBITHEIE
TPaHCIOPT Ipy30BbI€ CyJa (€C/IM OHU AaK0T BO3MOXKHOCTbH MEPEBO3UTh OMACHBIN TPY3)
Oco0eHHOCTH YITAaKOBKHU OIMPENENSIFOTCS KIACCOM OIMMACHOCTH M XUMHYECKUM
COCTOSIHUEM TIEPEBO3UMBIX BEIIECTB. Y TAKOBKA J0JIXKHA TaAPAHTHUPOBATH CO-
XPaHHOCTB TPy3a, 0€30MacHOCTh €ro MEePEeBO3KU U MPEAOTBPAIIATh HETaTHBHOE
BO3/ICHCTBHE HA OKPYIKAIOIIYIO CPEAY
Ecin nepeBo3sTcs mo0bie omacHbIe TPY3bl, TO JIeTAIbHAS MApPKUPOBKA C yKa3a-
HUEM TMOJHOTO TEXHUUECKOTO HAMMEHOBAHHS IPOIYKIIMU ¥ CBOWCTB TPAHCIIOP-
MapkupoBka THPYEeMBIX BemiecTB. Omo3HaBaTeIbHBIC 3HAKN HAa YIIAKOBKE OMACHBIX TPY30B
JTOJIKHBI COXPaHATHCSI, JaKe €CIU Tpy3 OyIeT HAXOIUThCS B MOPCKOH BOJIC B
TEYCHHE HECKOIBKHUX MECSIICB
ITpu nmepeBo3Ke MyCTHIX EMKOCTEH U COCY/IOB, B KOTOPBIX paHee XPaHHIUCh
OTACHBIC BEIIECTBA, JIOJDKHA MEPEBO3UTHCS C TEMHU XKE MPEIOCTOPOKHOCTIMH,
YTO ¥ CaMU OIACHbIE BEIECTBA (€CJIH Tapa He MPOIlIa COOTBETCTBYIONICH 00pa-
OOTKH)
Hcemounux: OcoOEHHOCTH TIEPEBO3KU OMACHBIX TPY30B BOJHBIM TPAHCIIOPTOM

YnakoBka

Tapa

NHdopmaumoHHan Tabnmuka ans nepeBo3Kmn ornacHoro rpysa

3HauyoK rpysa Kopa skcTpeHHbIX mep @® OcHoBHasA
CxemaTHyHoe obo3HadeHMe BELWECTEA, PyKOBOﬂCTBO K AeNCTBHAM onacHocTb

€ro CBOWMCTE W ONacHOCTH, KOTORYIO B Cnydae NoXapa MK yTeuky

OHO Npe[icTaBnAeT  (g) - @ ﬂononHuTeanble

OnNacHoCTH

TexHU4YecKkoe
HaMMeHOBaHWeE rpysa

@® O603HaueHne
3aWuTbl 4NA Ngein,
paboTalouwunx

€ 3TUM rpysom
Knacc onacHororpysa

)

@® NeOOH

Homep onacHoro eellecTsa
COrnacHo Knaccudukayum
OOH, koTopblif NpyUcBanBaeTca
B COOTBETCTBMM C KNaccom

WudopmauvonHan
Tabnuua onacHocT

3HaK onacHocTH

W COCTaBOM ONacHOro rpysa

TpeboBanus K MApKUPOBKE OMACHBIX TPY30B
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OcCHOBHbBIE PEIJIAMEHTUPYIOIIUE JTOKYMEHTHI NpPU TEPEeBO3KE OMACHBIX I'PYy30B MOPCKUM
TPAHCIIOPTOM SIBJISIOTCSI:

- MexayHapoaHblii KOAEKC MOPCKOM nepeBo3Kku onacHbIX rpy3os (MK MIIOT);

- MexmyHapoaHas KOHBEHIIMS TIO TPEeAOTBpalieHuto 3arpssHeHus ¢ cynoB (MAPITIOJI
73/78);

- MexnayHapoHasi KOHBEHIIMS 110 OXpaHe yenoBeueckoi xu3Hu Ha Mope (COJIAC-74);

- HOPMATHUBHBIE aKThI OT/IEJBHO B3SITHIX TOCYAAPCTB.

Ha ocHOBaHMM HOPMATHBHO-IIPABOBBIX aKTOB (peepaibHOTO ypOBHS pa3pabOTaHbl U yTBEp-
JICHbI TIpaBUjIa U MHCTPYKIUHU MO 00pabOTKE OMacHBIX TPY30B, II€ YETKO PErIaMEHTHUPOBAHBI
BCE MPOLEAYpPbl KOHTPOJIA, 0€30MacHON TPAaHCHIOPTHPOBKU MPU MYJIBTUMOAANBHBIX MEPEBO3KAX
Ipy30B, XpaHECHHH U MIEPEBATIKM B MOPCKUX mopTtax. [1o poccuiickuM 3akoHaM K TPaHCIOPTHPOB-
K€ OIACHBIX TPY30B JOIMYCKAIOTCA CyJla, UMEIOIUE TOKYMEHThI B COOTBETCTBUH ¢ lIpaBunmamu
MOpCKOH nepeBo3ku onacHsIX rpy3oB (IIpasuna MOIIOT) [3].

CriekTp MpoOIEeMHBIX BOTPOCOB B YaCTH TPAHCIIOPTHUPOBKH OIACHBIX TPY30B YpE3BBIYAIHO
HIMPOK, TO3TOMY B (hOKyce BHUMAHHS OKa3aanch Hanbosiee 3HaUUMble: HECOBEPIIIEHCTBO HOpMa-
TUBHO-IIPAaBOBON OCHOBBI; OTCYTCTBHE OUYEBHU/IHBIX IIArOB B peaM3allMi 3aKOHOIATENIBCTBA O JIH-
LEH3UPOBAHUM U TEXHHUYECKOM DPEryJIHpPOBaHUM;, HEOOXOAMMOCTh Pa3pabOTKH M BBOJAA B JEH-
CTBHUE periiaMeHTa dKCIUTyaTallui U OOCITYXKHUBAHUS MOJBUKHOTO COCTaBa, YYaCTBYIOIIETO B Ie-
PEBO3Kax OMAcHBIX I'Py30B; rapMOHM3ALMUS TpeOOBaHMIA B 001acTH MX 0€30MaCHOM MEepeBO3KH C
MEXIyHApOAHBIMH CTaHIAPTAMH; HEOOXOIUMOCTh €IMHON M d(DPEKTUBHOM CUCTEMBI TPOdeccu-
OHAJILHOH MOATOTOBKH, KBATU(PHUKAIIMOHHOTO OTOOPA U aTTECTALlMH ITEPCOHAIA.

CornacHo nanasiM OOH 107151 onacHbIX Ipy30B B MUPOBOM I'Py30000pOTE OCTOSSHHO PacTeT
U B HACTOsIIee BpeMs JOCTUTAET MOUTH MOJOBHHBI €T0.

[To uroram MUHYBIIETO rojla HAMETUJIACH OTPHUIIATENIbHAS TEHACHIIMS: TEMITBI pOCTa KOJINYe-
CTBa MHIUICHTOB ONEpEKAIOT pOCT 00BEMOB NMEPEBO30K (00BEMBI yBEIMUMINCH Ha 3,8 %, a unc-
JI0 CIy4aeB HapyIlIeHUH 0e30MacHOCTH MPH MEePEBO3KE OMACHBIX TPy30B — Ha 9,7).

Crnenyer 0co00 MOMYEPKHYTh, YTO MYTH TPAHCIOPTUPOBKH, MECTa IMOTPY3KH, BBITPY3KH,
XpaHEHHUs1 M MepepadOTKHU OMACHBIX I'PY30B MPAKTUYECKH BCETAa MPOXOJAT yepe3 HaceJIeHHbIE
MYHKTHI, TPOMBIIIJICHHBIE U SKOHOMHUYECKHE IIEHTPBI CTPAHbI, B HEMTOCPEACTBEHHON OJM30CTH OT
CTpaTernuecK 3HAYMMBIX 00BEKTOB [4].

Jl51s Toro uToObI MPaBUIILHO OPTaHU30BATh IEPEBO3KY OMACHOTO Ipy3a, HEOOXOIUMO BIAJETh
paBoOBOW MH(OpMalKEH, TOCTOSTHHO CIEANUTH 3a ee OOHOBICHHEM, COOJIIOIaTh MpaBHia IO Ie-
pPEBO3KEe KOHKPETHOTO TIpy3a, 000pyI0oBaTh MOJIBMKHOIN COCTaB MO/ MIEPEBO3KY OMACHOTO TPy3a,
0o0y4aTh BoAUTENEH B CIELHUATU3UPOBAHHBIX KOMOWHATAX, COOMIOAATh TPeOOBAHUS MO MapKU-
POBKe Tpy3a, 0pOPMIIEHUIO TOKYMEHTOB U MHOTO€ Jipyroe. /laneko He Kaxkaas KOMIaHHUs TOTO-
Ba B3ATb Ha ce0s OTBETCTBEHHOCTh U NPABWJIHLHO OPraHMW30BaTh MEPEBO3KY OMACHOrO rpys3a.
Benp mpu maneinieM OTCTYIUICHHH OT MPAaBUI KOMIAHUS HECET MaTepUalbHYI OTBETCTBEH-
HOCTH B BUjE OobmMX mTpadoB B JTydlIeM cCilydae, HO TOPa3lo XyXke, KOrJa HelpaBUiIbHas
MepeBO3Ka OMACHBIX TPYy30B MOXET MOCIYXUTh HNPUUYUHON B3pbIBA, IMOXKAapa, MOBPEKIACHUS
TPAHCIIOPTHBIX CPEJCTB, 3/1aHUN, COOPYKEHUH, IPYTHX I'PY30B U MAaTepPHANIbHBIX IIEHHOCTEH, a
TaK)Ke IPUBECTU K YBEUBIO, OTPABJICHUIO, 0KOTaM, OOIYyUEHHUIO paJlallued Wik CMEpPTH JI0Aei
WJIU )KUBOTHBIX [5].

Opranu3anys NepeBo30K OMACHBIX IPY30B M IPY30B MOBBIIICHHON OMACHOCTH — ATO CJIOKHAS
u crienududeckas padora, KOTOPYIO JIydie T0BepsATh npodeccuonanam. [llupokuii, mocTosHHO
MEHSIOILIUICS aCCOPTUMEHT OTMACHBIX TPY30B, a TaKkke OoJbIINe 00HEMHBIC U BECOBBIC MTOKa3aTe-
JM WX TEPEBO30K BO BHYTPEHHEM M MEXKIyHAPOJHOM COOOIICHWH SIBIISIOTCS CIICIU(PUIESCKAM
BUJIOM IIEPEBO30K Ha aBTOMOOMIIBHOM TpaHcropte. Hapsiny ¢ HempepbIBHBIM COBEPIIIEHCTBOBA-
HUEM BCEX 3BEHBEB TEXHOJOTHI MEPEeBO30YHOIO IpOLEcca B IEHTPE BHUMAHUS CIEIHATNCTOB
MOPCKOTO TPAHCIIOPTa OCTAIOTCSI BOIPOCH! O€30MAaCHOCTH ABIKEHHS M MTPEJOTBPALICHHUS aBapuil
C OIMaCHBIMH I'Py3aMHU.
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Features and dynamics of container transport development

Abstract. The article discusses the features and dynamics of the development of the Russian
market of container cargo transportation in recent years. The prospects for the development
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KonrelinepHble MepeBO3KH I'PY30B MOJIB3YIOTCS OOJBIION MOMYJISPHOCTHIO B JH000H TOUKE

cTpanbl. J[aHHBIN CITOCOO MEPEBO3KH TOBAPOB — OJIUH U3 COBPEMEHHBIX U 0O€30MAaCHBIX CIIOCOO0B
JIOCTaBKH BO BCEM MHDE.

KoHtelinepHbIe TIEpeBO3KH (KOHTEHHEPH3AIMsA) — 3TO CHOCOO0 TPAaHCHOPTHUPOBKU TPY30B C

UCTIOJIb30BAaHUEM I'PY30BBIX KOHTEHHEPOB, KOTOPBIN 00ecreunBaeT Oecrneperpy30uHyto J0CTaBKy
Ipy30B OT CKJaJla Ipy300TIpaBUTENIS A0 CKJIaja rpy30moiyyaTens, puc. 1.

OCHOBHOW OCOOCHHOCTBIO TEPEBO30K TI'PYy30B B KOHTEHHEpax SBISETCS HCIOJIb30BAHUE

MYJIbTUMOAAJIBHBIX JIOTUHCTUYCCKUX CXCM. 9t0 noaApasyMeBaCT BO3MOKHOCTb NOCTAaBKHU JF00BIMHU
BUJAaMH TPAHCIIOPTA — BOAHBIM M aBHa-, )KCJIC3HOAOPOKHBIM U ABTOMOOUJILHBIM.

142



I
1 2

W
_ iy

Pucynok 1 — KoHTeliHepHbIE IEPEBO3KY pa3HbIMM BUAAMH TPAHCIIOPTA

Ha ceropssiiiHuii 1eHp J10OAM, KOTOpPBIE MOCTOSHHO 3aHMMAIOTCSI BOIIPOCAMHU TPaHCIOPTH-
POBKH T'py30B, OTAIOT MPEANOYTCHHE HIMEHHO KOHTEHHEPHBIM IIepeBo3kaM. B ueM ke 3akiroda-
I0TCS IPEUMYIIIECTBA 3TOTO BUJIA JOCTaBKU I'Py30B?

K HUM MOKHO OTHECTH:

1. Huskas croumoctb. OTCYTCTBUE MPOMEKYTOUHBIX MOTPY30pa3rpy304HbIX pabOT MO3BO-
JISIET CYIIECTBEHHO SKOHOMMUTb.

2. Bo3moxHOCTb KOHTpOJIS. brarogapsi COBpeMEHHBIM CUCTEMAM CJIEKEHUSI MOKHO KOHTPO-
JTUPOBATh NEpEeMEIIeHHE TOBapa. JTO YNPOIIAEeT MIIAaHUPOBAHUE U TO3BOJISIET PEryIUpoOBaTh pa-
00Ty IpH 3aACPKKaX.

3. YuuBepcanbHOCTh Tapbl. KOHTEHHEpPH MMEIOT CTaHJApTHBIE MapaMeTpbl, MOATOMY OHU
MOTYT TPaHCIIOPTUPOBATHCS CIIy>)k0aMU pa3HbIX cTpaH. B HUX MepeBO3UTCS MPAKTUUECKH JTF0O0H
rpy3, pa3Horo o0bEMa 1 rabapuToB. DTH MOJIYJIM MOKHO HCIIOIH30BaTh MHOTOKPATHO.

4. HanexHoctb. KoHTelHEpPHI UMEIOT NPOYHYIO KOHCTPYKLHMIO, KOTOpas 3allIMIIAET IPy3 OT
BO3JICHCTBUS OKPY KAIOIIEH CPEeIbl.

5. ABtromatuzanusi pabor. IlpumeHeHue cHeuMasbHOW TEXHUKU JJs IOTPy304YHO-
pasrpy304HbIX pabOT YCKOPSIET MPOLIECCHI U COKPAIAET 3aTPaThl HA YCIYTH paOOTHUKOB [1].

[TomuMo nperMyIIecTB, KOHTEHHEPHBIE TIEPEBO3KH UMEIOT Psii HEAOCTATKOB. [ J1aBHBIM M-
HYCOM SIBIIIETCSI HU3Kasi CKOPOCTh AOCTaBKU. OCOOCHHO TPYAHO 00ECIEeYUTh COONIOICHUE CPO-
KOB, €CJIM PeuUb UAET O MOPCKUX MEPEBO3KAX, YCHEIIHOCTh KOTOPHIX HAIPSIMYIO 3aBUCUT OT IIO-
TOJIHBIX ycrnoBuil. Emé oqHMM HegoCTaTKOM SIBISIETCS OIIaTa apeH]Ibl KOHTeiHepa B 00a KOHIIA.
OxymaeMoCTh TAaHHOTO BHJA MEPEBO30K MOXKET OBITh 3HAYHTEIBHO BHINIE, €CIIU €CTh BO3MOXK-
HOCTb OTIPABUTH KOHTEHHEP 0OPAaTHO, HAMIOJIIHUB €ro ToBapoM [1].

[TonmynsipHOCTH KOHTEHHEPU3ALUH C KaXIbIM roioM pactét, Ho COVID-19 oka3an orpomHoe
BJIMSIHUE HAa KOHTEHHEPHbIE MEPEBO3KK BO BceM Mupe. Mckintouennem He ctana u Poccus. Ha ce-
TOAHSALIHUNA JE€Hb MOYKHO YBHIETh, KaK KOHTEHHEPOOOOPOT U3MEHUJICS B YCIIOBUAX MAaHAECMUH.

Ucxons n3 mannbix meporo kBaprana 2021 r. o6opoT koHTeliHepoB B Poccum coctaBmin
843,2 teic. TEU, uto Ha 0,6 % MeHbllie MPOILIOTro rojia. A UMEHHO: TPaH3UTHAs MepeBalika KOH-
TelHepoB BbIpocia Ha 39,2 %, no 23,04 teic. TEU; nepeBasika IMIIOPTHBIX KOHTEMHEPOB COKpa-
tunack Ha 0,8 %, no 359,46 ThHIC.; SKCIOPTHBIX KOHTEWHEpOB mepeBaieHo Ha 1,9 % Oonbiie
(352,19 teICc. TEU); KaboTax cokpatuics Ha 12,6 %, no 108,51 teic. TEU; nepeBanka pedpuxke-
paTopHBIX KOHTEIHEepOB yBenuuniach Ha 4,2 % (88,57 teic. TEU) (puc. 2).

[Toptel bantuiickoro 6acceliHa cCOKpaTWUiIM NepeBaiKy KoHTeWHepoB Ha 4,8 %, mo 387,41
teic. TEU, B Tom uncne cnaj nepeBasiku koHTeiiHepoB 3AO «KonteliHepHblil TepmuHail CaHKT-
[TerepOypr» (bonpbmoii nopt Cankr-IlerepOypr) cocraBun 19,6 %, no 94 teic. TEU. OGopot
A3zoBo-Uepromopckoro Oacceitna yBenmuwics Ha 9,8 %, mo 153,16 teic. TEU, Kacnuiickoro —
Ha 86,6 %. A B ApkTtuueckoM Oacceiine 3adgukcupoBaics cnag Ha 4,6 %, no 23,55 teic. TEU [2].
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Pucynok 2 — M3smenenne koHTeliHEpooOopoTa B Poccun

Kak coobmaetr Accomnuanusi MOPCKHX TOPTOBBIX MOpToB PD, koHTEltHEpooObOopoT B JlanbHe-
BOCTOYHOM OacceiiHe 3a mepBblii kBapTan 2021 r. coctaBun 278,57 teic. TEU, uTo mpeBbliaeT
nokasarenb npouwioro roaa Ha 0,5 %. [lepeBanka kaboTaXHBIX KOHTEHHEPOB MOpTamMu OacceiiHa
cokpatuiack Ha 14,6 %, no 84,99 teic. TEU, Tpan3uthbix — Ha 41,9 %, 1o 9,38 Teic. TEU. Ilepe-
BaJIKa UMIIOPTHBIX KOHTENHHEPOB BbIpocia Ha 27,4 % rox k roay u coctaBmia 104,6 teic. TEU,
skcnopTHeIX — Ha 0,4 %, 1o 79,61 teic. TEU [3].

B gactHOCTH, B OpTY BnaguBoCcTOK OTMETHIIM POCT MEPEBAIKU KOHTEHHEPOB, KOTOPBIN CO-
ctaBun 8,5 %, (167,84 teic. TEU). Konreitnepoobopot [TAO «BnaguBocTokckuii MOPCKO# TOp-
roBblil opT» BbIpoc Ha 15,1 % u moctur 109,94 teic. TEU. D10 cTano Bo3MOKHBIM Onaroaaps
peryisipHoMy OOHOBJICHHIO NMapKa TEXHHWKH MOpTa (3a MOCIEAHHE TSATh JeT OH OOHOBHJICS Ha
80 enunuiy). Tonpko B MPOLLIOM ToAy ObUTH BBEACHHI B paOOTy 4 MOPTaJIbHBIX KpaHa «BUTA3b»
rpy3onoaseMHOCThIO 63 T 1 ruranT Liebherr Ha 124 1. B aTtom romy BMTII mutanupyer cocpeno-
TOYUTHCS Ha OOHOBJIGHUMHU NapKa BHYTPUIOPTOBOM MexaHM3auuu. Ha maHHBIH MOMEHT yke 3a-
KYIUICHBI JIBa pUYCTaKepa, B IJIaHAX elle /Ba, a Takke 10 BUJIOYHBIX MOTPY3YHKOB, TATAYU U
JpyTrUe BUJIbI TEXHUKH [4].

B IlpumopckoM kpae HaOIrOmaeTcsi pocT 00beMOB KOHTEHHEPHBIX NEpeBO30K B mopTy. Ha
3TO, B MIEPBYIO OYEpe/ib, MOBJIMSI BHEIIHETOPTOBBIN TpaduK, a TakKe KOHTEHHepHU3alus OTIpa-
BOK MECTHBIX I'py30B. OCHOBHBIE TEHJECHIIMM Pa3BUTHUS KOHTEHHEPHBIX IEPEBO30OK I'PY30B B
[TpuMopckoM Kpae 1moKa3zaHsl B TaOIHLIE.

TenneHUMN pa3BUTHS KOHTEHHEPHBIX NEPeBO30K rpy30B [Ipumopckoro kpas [5]

HavMeHOBaHWE TCHICHIIUU ConiepxaHue TSHACHIMH
Poct skcmopra mpoAyKiMK B | B OCHOBHOM MPOAYKTHI MUTAHUSA SKCOpTUpYIOTCs B Kurait. Jannas
Kuraii TEHJICHIIUS CBsi3aHa ¢ 0CJIA0JICHUEM Kypca POCCUHCKOro pyos

Poct «ckBosHOro» cepBrca B | OpraHu3anysi BCEX 3TaloB IMEPEBO3KU TPY30B POCCHHUCKUM TPy30II0-
CerMEHTE KOHTEHHEPHBIX OIe- | ydaTessiM U3-3a pyOeska OCYIISCTBIACTCS OJJHUM OMEPATOPOM
paTopoB

Poct croumocTu ppaxra Ha ¢opmupoBanue cTaBok BiIHsSIeT H3MEHEHHE 00beMa Ipy30IepeBo-
30K, KOTOPOE MPOUCXOIUT U3-32 BAIOTHBIX KOJICOAHUH M 3alIPETHBIX
CaHKITHI

VYBenmnuenne oObema mepeBo- | KonreliHepusanus B [Ipumopckom kpae Bce 0OJIbIIe cocpeioTauynBa-

3UMBIX JIECHBIX IPY30B €TCsl Ha JIECHBIX Tpy3ax. KiroueBbIM phIHKOM cObITa siBisercs Smo-

HUs1, HO Teorpadusi MpoAaK pacIuupsieTcs
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B kauecTBe OCHOBHBIX NEPCIEKTUB Pa3BUTHS KOHTEHMHEPHBIX MEPEBO30K MOXKHO HA3BaTh:
pa3BUTHE TPAHCIIOPTHO-TIOTUCTUIECKOW HH(PACTPYKTYpHI, paCIIMPEHUE TPAHCTPAHUYHOU TOP-
roeiu u BkitoueHue Ilpumopckoro kpasi B rio0aibHble TPAHCIIOPTHBIE MapUIPyThl, CTPOUTEINb-
CTBO MYJIbTUMOJAJIbHBIX MPOU3BOICTBEHHO-IOTUCTUYECKUX KOMILIEKCOB, CTPOUTEIHCTBO HOBOTO
MOPCKOT'0 KOHTEHHEPHOT0 TepMHUHAaa, CO3JaHie TpaHCTopTa OyAyIIero Ajs NepeBO3KU TPY30B B
KOHTENHEpax.

Takum obpazom, B Poccun koHTEeHHEpHU3aus 3a TIOCIEHUE TOIbl HAOUPAET TEMITHI B Pa3BH-
tud. [lonmynspHOCTh KOHTEHHEPHBIX MEPEBO30K OOYCIIOBICHA YI0OCTBOM, CTaHAAPTHOCTHIO U
MOOWJIBHOCTBIO KOHTEHHEPOB.
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TUBHOMU (IJITAHOBOM) M PEAKTUBHOM (CPOYHOMN) NEATEIHLHOCTH IO MPOIECCY, PEMOHTOB C 3a-
KyIKaMH 3allacHbIX YacTeld W KOMIUIEKTYIOIIUX, a TaKXKe C MPOU3BOJCTBOM, KOHTPOJUIHHT
cymectByronux nporeccoB TOPO.

Kniouegvie cnosa: cepBuc, OTpacib, IpoLecc, 00CIyKUBaHHE, PEMOHT, OTKa3, 00OpyaoBa-
HHE, IPUHINI, TEXHUUECKOE 00CITy’>KUBaHUE, TEXHOJIOTHSL.
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Improving the maintenance of equipment in the industry

Abstract. Improving the maintenance of equipment in the industry is the implementation of
the TORO process. The main directions for improving the service maintenance of equipment
in the industry and the TORO process are the prioritization of equipment taking into account
the assessment of the risks of negative impact from a malfunction; * determination of algo-
rithms for planning repairs and eliminating failures depending on certain priorities for
equipment, synchronization of proactive (planned) and reactive (urgent) process activities,
repairs with the purchase of spare parts and components, as well as with production, control-
ling existing TORO processes.

Keywords: service, industry, process, maintenance, repair, failure, equipment, principle,
maintenance, technology.

CoBepIICHCTBOBAHUE CEPBUCHOTO OOJIY>)KMBAaHUS O0OPYIOBAaHUS OTPACiU. 3ajaud CIy>KObI

CEpBUCHOTO OOYKMBaHUS 000PYIOBaHMS 3aKJIIOYAIOTCS] B TIOCTOSIHHOM ITO/JICP)KaHHH BBICOKOM
TEXHHYECKOH TOTOBHOCTH 00OpYJIOBaHHS OTPACIIH, IMOJBMKHOTO COCTaBa, 00ECIICYCHUHU €ro pa-
00TOCTIOCOOHOCTH B TEUEHNE YCTAHOBJIEHHBIX CPOKOB HAapaOOTKH.

I[J'ISI BBIINTOJIHCHUS ITIOCTABJICHHBIX 3aJa4 HGO6XO,[[I/IMOZ
- IIMPOKO UCIIOJIB30BaTh CPCACTBA TEXHUYICCKOU JUarHoCTHUKH,
- MAKCUMAJIbHO MEXAaHU3UPOBATH MPOU3BOACTBCHHBIC YUYACTKH U L€XAa TCXHUYCCKOTO O6CJ'Iy—

JKUBaHUS U TEKYILEro peMOHTa aBTOMOOUIIEH;
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- OCHallaTh MOABEMHO-TPAHCIOPTHBIMU MEXaHM3MaMU U KOHTPOJbHO-PErYJIMPOBOYHBIMU
npubopamu;

- COBEpIIEHCTBOBATh TEXHOJIOIMIO TEXHUYECKOTO OOCITYKMBAHUS U PEMOHTa 000pyA0BaHUs
(TOPO);

- yIIpaBJIeHUE TPOU3BOACTBOM;

- co3zaBaTh TpeOyemble MPOU3BOJACTBEHHO-OBITOBBIC M CAHUTAPHO-TUTUEHUYECKUE YCIOBUS
TpyJla pPEMOHTHBIX paboYHX.

[IpoBeneHue BhIMIENEPEUUCTIEHHBIX U IPYTMX TEXHUUYECKUX U OPTaHU3allMOHHBIX MEPOIIpUs-
TUH COCOOCTBYET MOBBIIICHUIO MPOU3BOAUTENBLHOCTU TpyJa Hpu npoBeneHUd TO u BBINONIHE-
HUHM PEMOHTa 00OpYIOBAHUS OTPACIH, TOABHKHOTO COCTaBa, 0OecrieueHre COKpAIIEHUs! TPYI0-
BbIX U MaTepUalbHbBIX 3aTparT.

BaxHbIM (akTOM B SKOHOMHU CPEICTB Ha COJEpPKaHUE M CEPBHCHOE 00Ty KHBaHHE 000pY10-
BaHUs SIBJISICTCS] yMEHbLICHUE U3AEP)KEK HA PEMOHT M TEXHUYECKOE 00CTyKHUBaHUE 000PYI0BAHUSI.

UToObl CHU3UTH 3TU M3ACPKKH IPH JOCTATOYHO BBICOKOM KadyeCTBE PEMOHTHBIX paloT,
HEO0OXOIUMO PEIINUTh JBE 3aauu:

-BO-TIEPBBIX, OPraHU30BaTh YPPEKTUBHOE AMATHOCTHUPOBAHUE OOOPYJIOBaHUS, aBTOMOOMICH
¢ TeM, YyTOOBI 3HaTh (PAKTUUECKOE COCTOSTHUE 00OpY/IOBaHUS, arperaToB U MPOBOJUTH PEMOHTHI
TaMm, I7ie 3TO JIeHCTBUTEIBHO HEOOXOIMMO;

-BO-BTOPBIX, HAJNAIUTh BOCCTAHOBJICHHE M3HOIICHHBIX JeTalleil COOCTBEHHBIMU CHUJIAMH, TaK
KaK 3TO JIeUIeBIIE, YEM MTOKYNATh 3TH JETaIH B BUJIE 3aII9aCTEH.

B mensx coBepHICHCTBOBaHUS CEPBHUCHOIO OOMYKMBaHHSA 000pYyJAOBaHUS OTpAciId HEOOXO-
numo BHenpATH npoiiecc TOPO, koTopblii MOKHO Ha3BaTh OJHUM M3 OCHOBHBIX TEXHHYECKOIO
o0ciy;kuBaHus U peMoHTa o6opyaoBanusi (TOPO).

Mo:KHO BBIIETUTH YETHIPE KIIOUYEBBIX MPUHIIKIIA Oopranu3aiuu npouecca TOPO:

- TPOAKTUBHBIN MOAX0J (TUIAHOBBIM PEMOHT MO KaJleHAaplo), MoJpa3yMeBaeT MPUOPUTET-
HOCTb TE€XO0OCITY>KMBaHHSI U PEMOHTOB ISl KpUTUYHOTO 000PYI0BaHHUS;

- KOMOMHUPOBAHHBIN MOAXO] K 00CITYKHBAaHUIO 000PYAOBaHUS;

- MPUYMHHO-CIICICTBEHHBIN aHAIN3 HA OCHOBAHUU TMOJOMOK MJIM OTKA30B;

- peMOHT 000pyI0BaHUS U 00CITyKUBaHUE 10 (GaKTy OTKa3a WIIA MOJIOMKH.

CoBepIlieHCTBOBaHUE MPOIIECCOB CEPBUCHOTO TEXHUUECKOTO 00CTY>KUBAaHUS U PEMOHTa 000-
pynoBanus (TOPO):

- MMHUMU3HUPOBATh 3aTPAThl HA TEXHUYECKOE 00CITyKMBAaHUE U PEMOHT 000PYI0BaHUS;

- MAKCHMAJILHO MTOBBICUTH KOA((DUIMEHT rOTOBHOCTH 000PYIOBAHHS M €TO TIOKa3aTeH PaOOTHL

3arpatel Ha TOPO cokpainarorcst myTeM CBeZieHHs: K MUHUMYMY IIOTEpb BPEMEHH (YeI0BEKO-
4yachl) U MaTepUAIIBHBIX pecypcoB. [loTepu 4acTo SIBISIOTCS CIEACTBUEM HEYIOBIETBOPUTEILHO-
ro IUIAaHUPOBAHMS, OTKa3a OT PACCMOTPEHUS HOBBIX KOHIEMIUI BeACHHUS pabOT WM HECIOCOo0-
HOCTHU yJI€TSATh BHUMAaHHUE JETAISM.

[ToBeimenne K03 PuIieHTa TOTOBHOCTH 000PYI0BaHUs U TIoKa3aTesel ero paboTel 0OBIYHO
TpeOyeT peMH)XMHUPUHTA (TEXHOJIOTUYECKON MEPECTPONKH).

D10 HEOOsI3aTENBHO 03HAUAET OTPOMHBIE 3aTPaThl HA HOBOE 000PYI0BAHHE.

3HAYUTENIBHBIX YCIIEXOB YaCTO MOYKHO JOCTUYb HAa OCHOBE HEOOJBIINX, HEJOPOTUX U3MEHE-
HUH, KOTOPBIE MOTYT OBITh TIOJHOCTBIO BBITIOTHEHBI CBOUMU CHIIAMHU.

Kak npasuiio, npennpusitis GyHKIMOHUPYIOT, ucxoas u3 npuHimna 80-20 (mpunuun Ilapero):

- 80 % 3arpar Ha TeXHHYECKOe 0OCIyKMBaHHUE M PEMOHT TpaTsTca Ha oOciyxuBanue 20 %
000pyI0BaHUS.

D10 mpobiieMHOEe 000pyI0BaHUE JOHKHO OBITH BBISBICHO, M HA HEM JOJDKHO OBITH COCPEO-
TOYEHO 0c000€ BHUMAHHUE.

Huuto Tak OpicTpo He HcToOIIaeT pabounit AyX, Kak paboTa Ha 000PYIOBaHUH, HAXOISIIEMCS
B HEYJIOBJIETBOPUTEILHOM TEXHHUUYECKOM COCTOSIHUM.

Kpome Toro, obopyaoBaHue B HEYIOBIECTBOPUTEIHLHOM COCTOSHUM 4acTo ObIBaeT Hebes3-
ormacHbIM. O0OpyZOBaHHE B XOPOIIEM COCTOSHHHM OyJeT CrnocoOCTBOBATH IOJIOKUTEIEHOMY
HACTPOIO COTPYIHHUKOB, OHU OYyIyT BBIMOJHATE OONBIINIA 00heM padoT Oosiee BBICOKOTO KayecTBa.
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[TpocTou 06opyIOBaHUS OTpPACId U aBTOMOOMIBHOIO MOABHKHOTO COCTaBa M3-3a TEXHUYE-
CKUX HEHCIIPaBHOCTEH BBI3BIBAIOT OOJIBLINE OTEPU (PUHAHCOBBIX CPEICTB.

PexoMenaanuu o COKpanieHuIo 3aTpaT Ha TEXHHUECKOe 00CITyKUBaHNE U YBEIIMYEHHE Bpe-
MeHU 06e30TKa3HOU paboThI:

- IJITAHOBBIE OCTAHOBBI;

- TMarHOCTUYECKOe/TPO(PUIAKTHUECKOE TEXHUUECKOE 00CTy)KUBAaHUE;

- IpeABapuUTEIbHAS OLIEHKA 3aTPaT U JIydlllee YIIpaBIeHHUE PacXolaMu;

- MOBBIIICHNE HAJIKHOCTU 000PYI0BaHUS;

- MEHbIIIee KOJIMYECTBO pa0OT OCHOBHOI'O OCTAHOBA U YJIyYIlIEHUE YIIPABICHUS UMU;

- OTCYTCTBUE HEHYHBIX 3aMEH KOMIIOHEHTOB (y3JI0B);

- MEHbIIIee KOJIMYECTBO YEIOBEKO-UYACOB MOPSTINKOB;

- COKpalIeHre nepepadboTok;

- BBITIOJIHEHUE M COKpAIlIEHUE 3aTpaT Ha TEXHUYECKOe 00CTyKNBAHNE U PEMOHT;

- CMMS (xomnbrotepHas cucreMa ynpasieHus TOPO).

TexHosorus CepBUCHOIO TEXHUYECKOT0 OOCITYKMBAaHUSA U PEMOHTa 000py0BaHUs (MHCTPY-
MEHTBI JUAarHOCTUYECKOro oOciyxuBanus, cuctembl CMMS/EAM, nporpaMmHoe oOecrieucHue
TUITAHUPOBAHUSI IPOEKTOB U T.J.) SBJISIIOTCS pEILICHUEM BceX MPoOsieM TEXHUUECKOTO 00CTy KUBaHHUS.

TexHuueckoe 0OOCTYXMBaHHE W PEMOHT O0OpPYJOBaHHMS — 3TO HEOThEMJIEMas COCTaBHAs
4acTh JII000T0 Mpoliecca MPOU3BOACTBA.

LensaMu coBepLICHCTBOBAHHS CEPBUCHOTO TEXHHUUECKOTO OOCITYKMBaHUS 000PYAOBaHUS 5IB-
JISIOTCS:

- CHIDKEHHE 10 MUHUMYyMa 3aTpaThl Ha TOPO u MakcumalibHOE MOBBIIICHHE KOA(PPUIIEHTA
TOTOBHOCTH 00OPYIOBaHMsS U €ro rnokaszareneil paboTbl, MUHUMU3UPOBAHHUE 3aTPAT, COKpAIllEHUE
IOTEPB;

- YBEJIMUEHUE BpeMsI HapaOOTKH 000pyIOBAHUS;

- YIOy4IIeHHe MOoKa3aTeNnel myTeM TeXHOJIOTHYECKON MepeCcTPOiiku 000pyJ0BaHUS HIIK CaMO-
ro Ipolecca;

- WCIOJIb30BaHME JUArHOCTUYECKOTO TEXHUYECKOTO OOCIY>KMBaHHUS, BMECTO MPUBA3AHHOTO
KO BpeMeHH (KaJIeHIapHOT0) MPOQHUIaKTHIECKOTO;

- BBINIOJTHEHNE WHBA3UBHBIX MHCIEKIMN HA BpallaoemMcs: 000pyI0BaHHH TOJIBKO B CIyd4ae,
KOTI'Jla 0JIHA U3 TEXHOJIOTUI JUarHOCTUKH YKa3bIBa€T HA X HEOOXOUMOCTb;

- YUYpPEAUTh TMPOLEAYPHI €KETHEBHBIX MU €KECMEHHBIX BH3yalbHBIX MHCIEKIIMA KPUTHUHO-
ro 000py/I0BaHMS;

- HCIIONB30BaTh KaJeHAapHOe MpoduiIakTuyeckoe OOCTy)KMBAaHHME Ha  MEXaHHU3-
MaX/KOHCTPYKIHSAX, UII KOTOPBIX JHATHOCTHYECKOE 00CITy)KUBAaHUE HEIPUMEHHIMO;

- ucrnonb3oBath cucteMy CMMS 111 oTCIeKUBaHUS OTKPBITHIX pabouyuX 3aJaHuil, UCTOpUU
paboT u 3aTpaT. 3aMoNHATh CIICHU(PUKAIIMA MaTEPHAJIOB;

- pa3pabaThIBaTh MHCTPYKIIMH 1O 0€30MaCHOMY BBIMIOJTHEHHUIO PaldOT, IO MEHBIIIEH Mepe, AJs
MacIITaOHBIX U WU CJIOKHBIX padoT.

- IefaTh aKIeHT Ha TEXHUKE OE30MacHOCTH U KauecTBe padoT;

- COKpamaTh 3anacbl. DPPeKTHBHEE UCIOIB30BATh KPYIHbIE OCTaHOBBL. Eciin pabota MoxkeT
OBITh BBITIOJIHEHA O€3 OCTAaHOBA MPOU3BOJICTBA, TO HE MIIAHUPYHUTE OCTAHOBOB;

- IUIAHUPOBATh KaK MOKHO TIiarenbHee. [IpofyMaHHO UCTIOIB30BaTh YCIYTH MOAPSAUYUKOB U
TOJIbKO TIpu HeoOxoauMocTu. [lopsaunku He SBISIOTCS pelIeHHeM BCeX Mpodiem;

- CO3aBaTh MPOTPAMMBbI 00yUEHHUSI PEMOHTHOTO TIEPCOHANIA M TMHEWHBIX MaCTEPOB;

- npuBHBaTh nepconany TOPO jxenanue paboTaTh ¢ MOITHOM caMOOTIAYEH;

- OIO/KET — 3TO TO, YTO HYKHO JIJISl TEXHMUYECKOTO 00CITYy)KUBaHUSI 1 PEMOHTOB 000PYIOBAHUSI.

Crenyer Takke OTMETHUTh, YTO M3-3a HECBOEBPEMEHHOI'O U HEKAYECTBEHHOI'0 00CITY )KHBaHUS
000pyA0BaHUS OTPACIU U ABTOMOOMIIBHOTO TPAHCIIOPTA MOBBIILIAETCS YPOBEHD 3arpsI3HEHUS BO3-
JIyLIIHOM Cpenbl.

st onTUMM3AIMK CEPBUCHOTO OOTyKUBaHUsI o0opyaoBanus, B ToMm uucie TOPO, neobxo-
IUMO c(hopMHUPOBATH 11€TTh, KOTOPYIO ATOT MPOIIECC TOIKEH 00eCTIeYnBaTh.
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[lens — obecrieunBaTh HAJIEKHOCTh, OECTIEPEOONHOCTh M O€30IaCHOCTh 000PYIOBAHHUS KO-
HOMHYECKH I1e1eco00pa3HbIM 00pazoMm.

[Ipu 5TOM nJIs1 OLIEHKH Ka4yeCcTBa CEPBUCHOTO OOIYKHMBaHHS 000pya0BaHMs | mporecca TO-
PO MOXHO HCIIONIB30BaTh CIIEAYIONIUE TOKA3aTeINH:

- cpeHsisl MeXaHU4ecKasi TOTOBHOCTD;

- 3atpatel Ha TOPO;

- ¢akT/IuIaH paboyelt MOIIHOCTH;

- POIICHT MIPOCTOS 000PYIOBaHUS (PEMOHTHI);

- kauecTBO ianuposanus TOPO;

- He0OXOAMMBI 00BEM CKJIAJICKUX 3aI1acoB KOMIUIEKTYIOIIMX U 3allaCHBIX YacTei;

- KOJIMYECTBO MHIIUJIEHTOB C 000PYIOBAaHUEM 3a MEPHO/I;

- cpeliHee BpeMsl yCTpaHEeHHUsI HeHCIIPABHOCTH.

B kauecTBe OCHOBHBIX HAIpPAaBIICEHUN COBEPILEHCTBOBAHUS CEPBUCHOTO OOJYKHMBAaHUSA 000-
pynoBanus orpaciu u nporecca TOPO cnenyromue:

- IpUopUTE3aLUsd 000PYI0OBAaHUS C yUETOM OLIEHKH PUCKOB HETaTUBHOI'O BO3JIEUCTBUS OT He-
UCTIPAaBHOCTH; ONpEACIICHHE alTOPUTMOB TUIAHUPOBAHHUS PEMOHTOB M YCTPAHEHUS! OTKA30B B 3a-
BHUCHUMOCTH OT OIIPEIEIICHHBIX TPUOPUTETOB MO0 000PYAOBAHUIO;

- CHUHXPOHHM3allUsl MPOAKTUBHOM (TUIAHOBOW) M PEAKTHBHOW (CpPOYHOM) NEATENBHOCTH IO
MpoLECCY;

- CHHXPOHHU3AIIMs PEMOHTOB C 3aKyIKaMH 3allaCHBIX YacTed M KOMIUIEKTYIONINX, a TaKXKe C
MIPOU3BOJICTBOM;

- KOHTPOJUIMHT cyuiecTByromux npoueccos TOPO.
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TpancnopTHBIE Cy1a SBISIOTCS OCHOBOM Bcero ¢uiota. Takue cyaHa co3AaHbl IJisl TPAHCIIOP-
TUPOBKH MACCAXKUPOB U JJOCTABKH PA3HBIX IPy30B. [lensTcs Ha Tpy30Bble, TACCAXKUPCKUE, TPY30-
MacCaXUPCKUE M CHEIMalIbHble TPAHCIOPTHhIE cyaHa. [lepeBo3ka Ipy30B MOPCKHUMH ITyTSIMH
MCKAY HNOpTaMHU pPa3JIMYHBIX CTPAH, 4 TAKKC MCXKIAY HNOPTAMH OJHOI'O roCyldapCTBa ABJIACTCA
HauboJ1ee BHITOAHBIM CIIOCOOOM MEPEBO3KH Pa3TUYHBIX IPY30B.

HaznaueHuem MOpPCKOTO CyJHa SIBJISIETCS TPAHCHOPTHPOBKA OOBEMHBIX TPY30B, PA3IUUHBIX
M0 CBOUM (PU3UKO-XUMHUYECKUM U JAPYTUM BaKHBIM XapaKTEPUCTUKAM: HABAJIOUHBIX U HAJTUBHBIX
Ipy30B, T€HEPAIbHBIX I'PY30B, KPYIMHOTa0apUTHBIX TPY30B B KOHTEHHepax, Takxke rpy3, TpeOyro-
Ui coOMIoieHns 00s3aTeNbHbIX MPAaBUII NMEePeBO3KU. bomblioe BHUMaHUE YENseTcs MepeBo3-
KaM MOpEM 0CO0O0 OIMACHOTO U SIIOBUTOTO TPy3a, a TaKKe MPHU TPAHCIIOPTUPOBKE OPYKHS U
B3pBIBOONACHBIX BellecTB. Upe3BbluaiiHble CUTYallud BO BpeMs MEPEBO3KU TAaKOTO Ipy3a MOTYT
IPUBECTH K KaTaCTPOPHUECKUM TOCIEACTBUAM. TakuM 00pa3oM, 0 WHTEPHALIMOHAIBHBIM CTaH-
JapTaM U 3aKOHOJATENIbCTBAM JUJISl PA3IMYHOTO Tpy3a CTPOSTCS U UCHOJB3YIOTCS Pa3HbIE THUIIbI
cynaos [1].
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Tankep — 3TO cynHO, IpeJHA3HAUYEHHOE JJIS TPAHCIIOPTUPOBKU HAJIMBHBIX I'PY30B. JTO OJ-
HOTAITyOHOE CYZHO C KOPMOBBIM PacIIOJIOKEHUEM MAIIMHHOTO OTHEJIEHUs U HaacTpouku. Kop-
IyC TaHKepa — 3TO METAJUINYECKUH JKECTKUM Kapkac, K KOTOpOMY KpenuTcsl OOIIMBKa U3 METall-
na. I'py30BbIe IOMEIIEHUS — 3TO LUCTEPHBI, 00OPA30BaHHbIE MPOJOJBHBIMUA U MONEPEUHBIMU TIE-
pebopkaMu, 4TO JIeJ1aeT KOPIyC TaHKEPOB JOCTATOYHO NMPOYHBIM, )KECTKUM U CHUKACT BIMSIHUE
KHUJIKUX TPy30B Ha yCTOHYMBOCTH. COBpEMEHHBIE TaHKEphl MPUHUMAIOT (0€3 pUCKa CMEIINBa-
HUST) HECKOJIBKO COPTOB He(TH. OOBEM OJHOMN IIUCTEPHBI MOXKET COCTaBIATH 0T 600 10 10 000 M3
u Oosee JUIst KPYTIHBIX TAHKEPOB.

B nensx npenorspaiiieHus 3arpsi3HEHNUsT MOpsI IIPH aBapuM B KOPITyCE€ COBPEMEHHBIX TaHKe-
POB B paiioHe IIUCTEPH UMEIOT JBOWHOE THO U OopTa. [y mpenoTBpameHust Koppo3uu BHYTPEH-
HUX TIOBEPXHOCTEH TAHKEPOB MX MOKPBIBAIOT AHTUKOPPO3UHHBIMU TOKPBITUSIMH.

JIOCTyII K IIMCTEpHAM OCYILECTBIIICTCS Yepe3 MaJlorabapUTHBIE MaTyOHbIe KOJIMAKU C KPBIII-
KaMmu. ['py30Bast yacTb B HOCOBOM M KOPMOBOW YacCTSAX OTJEJIEHA OT COCEHUX MOMEIICHUN Y3KH-
MU Ko depaamamu, TepMETHYHBIMU IS B3PHIBOOIIACHBIX BEIECTB. Malible U CpeHHUe TaHKEPhI
OOBIYHO OCHAIIAIOTCS JAU3EIBbHBIMU 3JIEKTPOCTAHIUAMHU, B TO BpeMs KaK Ha KPYIHBIX TaHKEPax
npeo0aasatoT mapoBbie TypOuHsI [2].

MainHHOe OTAEICHUE Ha TAaHKEpax PacloaokKeHO B KOPMOBOW dyacTu. CpeaHsis HaJACTpOKa
¥ 0aK MMEIOT HEOONBUIYIO UIMHY M OTCYTCTBYIOT Ha HEKOTOPBIX cyaax. Ilo KOHCTpYKTUBHOMY
TUILy OHU CTPOATCS C MUHUMAJIbHBIM HAJBOJIHBIM OOpTOM. Bce kpymnHble HEe(TSHBIE TaHKEPHI
UMEIOT MPOJIOIBHYIO CUCTEMY Habopa Ipy30BBIX TAHKOB U3-3a OOJBIION JUIMHBI KOPITyca U U3TH-
OaroLIMX M PEKYIIUX MOMEHTOB, IEHCTBYIOLIMX IO AJMHE CyIHA.

[lepeBo3 HedTH M HEPYTENPOIYKTOB TaHKEpaAMH HamuboJsiee BOCTPEOOBAHBI, HO M MPHUCIIOCO0-
JIEHBI JJIs TIEpEeBO3a JIPYTUX KHUJIKUX I'PY30B, B TOM YHUCIIE MUILEBBIX MPOAYKTOB (HapUMep, MH-
TheBOW BOJbI). Hanbomnee MaccoBbIMU SIBIISIIOTCS HAJIMBHBIE T'PYy3bl, TIepeBO3UMbIe cynamu. [lep-
BB B MUpe TaHKep ObLI co3maH B 1877 r., ero rpy3onoabeMHOCTh coctaBisuia 15 000 mymoB
(oxomo 250 T).

Bo BceMupHOM (10TE BBIJIETIEHO HECKOJIBKO TPYIIN TAHKEPOB.

[lepBass rpymna — 3TO TaHKephbl ¢ Bojou3MelieHueM 10 50 Theic. T, KOTOpbIe HEPEBO3AT
He(TENPOAYKTHI U HEarpEeCCUBHbBIE XUMUYECKHUE IPY3bI.

Bropas rpynmna — 3To TaHkepsl Tuna Panamax, umetroniue Bogonsmerenue 50—70 TeIc. T, KO-
TOpBIE TIEPEBO3AT HEPTETIPOYKTHI M caMy HE(Tb.

Tpetbs rpynna — tankepsl Aframax ¢ BogousMmelieHuem, 61u3kuM k 80 ThIC. T.

UYerBepras rpynmna — 3T0 THI Suezmax, BojousMelnieHue KoTopbix 140—160 ThIC. T, MOXET
npoiTy no Cys31KoMy KaHaiy.

[Iaras rpynna — 310 KpynHeime TaHkeps! ¢ BogousMmenienueM 10 300 Teic. T u Oosnee.

CuibHOE BIUSHHE OKa3bIBAIOT JKECTKHE TpeOOBaHMs K Oe30MacHOMY IEepeBO3y HedTenpo-
IYKTOB M caMoil He)TH Ha pa3BuUTHE TaHKepHOTO (hioTa [1].

Paznenenue cynoB no nenBenTy:

1. Handysize Bkirodaer B ceOs TAHKEPHI IS MIEPEBO3KH HEPTEIPOAYKTOB, TPY30II0ABEMHO-
ctbto 16 000-50 000 1. O1H cyna crpostes Ha Bepdsix Poccun, FOxnoit Kopen, Kutast u Ykpaussl.

2. Cyna pasmepa Handymax unu Supramax umerot aeasedt ot 35000 o 60000 T u miuHy
150-200 m.

3. Cyna pazmepom ¢ Seawaymax MOTYT MpOXOJuTh uepe3 kaHain Cesroro JlaBpentus (MoH-
peasib — 03epo OpH, BKJIIOYAs KaHal Y uuiaHaa — bosbloi 03epHbI BOAHBIN MIyTh OT ATIAHTH-
yeckoro okeana 1o Bennkux o3ep CeepHoit Amepukn). Cyaa pazmepa Seawaymax UMEIOT JJIU-
Hy 226 M, upuHy 24 M 1 ocaaky 7,92 m.

4. Cyna Aframax (pacuetHas cpennss ¢ppaxrtoBas ctaBka, AFRA) — 310 B ocHOBHOM HEe(TS-
Hble TaHkepbl aeaseiirom oT 80 000 mo 1 200 000 T. Tankeps! Aframax ucnonbs3yroTcs Ha Tepe-
BO3Ke rpy30B B Mopsx: CeepHoM, UepHomMm, Cpenuzemuom, Kapubekom, Bocrouno-Kuraiickom.

5. Cyna tuna Suezmax — 3TO He()TEHAJTUBHBIE TAHKEPbI, CIOCOOHBIE C MOJHOM 3arpy3Koii
npoxoauts yepe3 Cysikuit kaHan. CymecTBYIOT Uil HUX OTPaHUYEHUs: TIIyOUHA BOJAHOTO MyTH
cocraBisieT 16 M, BbICOTa MOCTa B KaHaie 68 M, MaKCUMaJIbHO 0MyCcTHMas mupHuHa cyaHa 70,1 m.
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6. Cyna tuna Panamax crocoOHBI TPOXOAMUTH IO TIOJTHOM Harpy3koi uepe3 [lanamckmii ka-
Hal. MakcumanbeHble TabapuThl cy10B Panamax MOMmKHBI COOTBETCTBOBATH MapaMeTpaM IILTI030-
BBIX Kamep: mmpuHa 33,53 M, mmHa 320 M, BeicoTa 25,9 M. DddexTuBHAs JTMHA KaXKI0W KaMe-
poI 17st kKopaoutst coctapisier 304,8 M. A rabaputsl: anuHa 294,1 M, mmpuHa 32,3 M, ocanka 12 M,
BBICOTA OT BaTEPJIMHUU 10 CaMOi BbICOKOM ToUkHU 57,91 M, BogousmenieHue okosio 65 000 T.

7. Cyna tuna Malaccamax — 310 He(TsHbIE TaHKEPHI, IIEpeBO3sIIUE ChIpyI0 HePTh U3 Ilep-
cuackoro 3anuBa B Kuraii yepe3 Manakckuii nponuB, coeauustomuil Maauiickuii okean ¢ FOx-
Ho-Kuraiickum mopem. OrpaHnueHue AeUCTBYET sl OMPECIIEHHBIX OeperoB, rje MUHUMAaTbHAS
TIIyOMHA COCTABIISIET 25 M.

8. Cyna Capesize umerot aenseit 6omee 150 000 T, mo3TOMY OCHOBHOE KOJIHUYECTBO CYJIOB
Takoro pasmepa — 3to cyneprankepsl Tuna VLCC u ULCC, a Takxe KpylHOTOHHa)KHBIE PY0BO-
361 co cpenHuM nenaseirom 175 000 T. [Tpoxoast uepes kaHansl U qoyuHbl FOxxHONH Adpuku u
HOxnoit Amepuku [2].

st cpaBHEHHST paCCMOTPUM apXUTEKTYPHO-KOHCTPYKTUBHBIE OCOOCHHOCTH JIBYX THUIIOB CY-
JIOB TaHKEpHOTO (pr1oTa:

* Ha3BaHHE CyJHA — «ANITal»;

* TUII CyJIHA — TAaHKEP;

» uHa (L) 106,14 M; mupuna (B) 15,44 m; Beicota(H) 7,90 M, ocaaxka 6,74 wm;

« pogousMeltenue 4932 T; Bogousmemienue 7228 T.

TexHuyeckue XxapakTepUCTUKHU:

1. Tun cygHa: ogHONAYOHOE CYAHO OJHOMECTHOE C HAJACTPOWKOW M MAIIMHHBIM OT/CJICHH-
€M B KOPME, HOCY M KPEHUCEPCKON KOpME.

2. [IpenHaznaueHue: CyHO, IpeIHA3HAYCHHOE AJIsl IEPEBO3KH CHIMTYyUUX TPY30B.

3. 3apeructpupoBaHHbiii ToHHaX: 6478 BPT; 294 H3T.

4.CckopocTh: TpyxkeHas — 16,2 y3, B 6aymacte — 17,0 y3.

5. HansHocth mimaBanus 10 000 mus [2].

B kaudecTBe omnmoHeHTa TaHKepy «AJuiTail» BbICTynaeT KpynHeimuii Tankep mupa Knock Ne-
vis. Cyaao Knock Nevis Ob1710 CIpO€KTHPOBAaHO STOHCKON Kommnanueidr Sumitomo Heavy Indus-
tries B 1974 r. u noctpoeno Ha Beppu Oppama.

[Ipn mpoexTHpoBaHMM TaHKEp HW3HAYAIBHO MMEJ OOJbIIyI0 JUIMHY 377 M, mupuHy 69 M u
BBICOTY O0pTa 30 M (3TO BBIIIE CEMHATAXKHOTO JKHIIOTO JIoMa). Boonsmenienne ero cocTaBiisiiio
420 ToIC. T. [lepenBmkeHue TaHKepa MPOMCXOMIIO 32 CUET MapoBod TypOuHBI Sumitomo Stal-
Laval AP, koropas pa3BuBajia MOIITHOCTH 37 ThIC. KBT mpu 85 oboporax B MuUHYTYy. BUHT, coCTO-
AIUN U3 YeThIpeX JIOMacTel MOCTOSHHOTO I1ara, uameTpom 9,5 M, obecrieunBan Tankepy 16 y3
(29,6 kM/u). 4 centabpsa 1975 r. Tankep ObUI CrylIeH Ha Boxy. JUTenbHOE BpeMs Y CyAHA OT-
CYTCTBOBaJIO HAaMMEHOBaHWE, U OHO ObUIO HA3BaHO IO CTPOUTEIBHOMY HOMEpY Kopiyca —
NolOl6.

[MabGaputel cyaHa ObUIM Majbl AJIS €r0 MOCTABJICHHBIX 337ay, MO3TOMY 3TO CYAHO OBLIO OT-
MpaBJeHO Ha MoJepHu3aluio. CyHO pa3IeNiin MOMoJiaM U Mo CepeiHe J0OABUIIH elle CeKLIUH.

B mporuiecce ucnpITaHui 3aBOJIOM OBLTH HAWIEHBI CHIIBHBIC BUOPAITUH 110 KOPITYCY MAIIHUHBI
npu paboTe Ha 3aJHEM XOIy. DTO MOCITYKWIO MPHYUHON OTKa3a MpueMa TaHKepa CyAOBJIaelb-
neM. M3-3a 3Toro Hayanuce JUIMTEeNbHbIe 10padoTku cynHa. [loa koHen paboT KkoMmaHus 00aHK-
portmiiace, 1 B Mapte 1976 r. cyano nepenuio B Sumitomo Heavy Industries u nmomyunno nanmme-
HoBaHue Oppama.

Bepds, ucnonb3yst cBOM 3aKOHHBIE TMpaBa Biajenblia, npojaaita Oppama roHKoHrckoi Orient
Overseas Line. Bnanenen komnanuu marsat Ym Yen TyHr mocraBui 3ajauyy nepecTpoUTh TaH-
kep. B manax Ob110 TOMOIHUTH CYAHO LMIMHIPUYECKON BCTAaBKOW ISl YBETMUEHUS IPY30I101b-
emHocTd Ha 155 TeIc. T. [Iponecc nepectpoiiku 3akoHumICcs uepes3 aBa rojga B 1981 r. MoaepHu-
3MPOBaHHBIN TaHKEP OBLT OTIPABIICH CyIOBIAJIEIBIYy IO HanMeHOBaHWEM Seawise Giant U mof
IpyruM (iarom.
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[Tocie MmoxepHU3aK HanOOJIbINAs ITTMHA CyHA cocTaBmia 459 M, ocaaka 1o JISTHIO TPy-
30BYI0 MapKy — 25 M, a Tpy30M0JAbEMHOCTh YBEJIMUYUIIACH 10 PEKOPAHBIX 565 ThIC. T (IaHHBIE
knaccupukanmonnoro odmectsa Det Norske Veritas). KonnuecTBo rpy30BbIX IIUCTEPH yBEINYH-
JI0Ch J10 46, a TI0IA/b TJIABHOU MairyObl cocTaBmia 32 ThIC. M2, TTocre MOJIEPHU3AIUN «MOHCTP»
MMeIl IeIBEUT B MOJTHOMU 3arpy3ke 655 ThIC. T, 9TO ¢ ero pa3mepamu craenaino Seawise Giant ca-
MBIM OOJIBIITMM CyJTHOM B Mupe. M3-3a2 3TOro cKopocTh CHU3MIach 10 13 y3.

TopMoO3HOIi MyTh CyAHA C TaKUMU rabaputamu coctapisii 11 kM, a Tuametp pa3zBopoTta Ipe-
BBITIAN 4 KM.

Korna tankep tpeOyercst moBecTH K He(YTIHOMY TEpMHUHAIY, €ro Opaiu Ha OyKCHp U TAHY-
au odeHb MemneHHo. [lociencTBusa mpu ommOKe B MaHEBPHUPOBAHUU CyJHA TaKOTO pa3Mepa u
JIeIBeITa MOTJIN CTaTh CEPbE3HBIMHU.

Takue rabapuThl CTaNnu HE TOJNBKO IUIIOCOM, HO U MUHYCOM ruranra. [Ipu makcumanbHOM 3a-
rpy3ke TaHKep Mmorpyskaics moxa Boay moutu Ha 30 m. M3-3a cBOMX pa3MepoB TaHKEp HE MOT
npoxoauth Cys1ikuii v [laHaMCKHil KaHAIbI, TAKXKE €My OBLJIO 3aMPEIICHO MPOXOAUTH Yepe3 MPo-
muB Jla-JlaHmn, moTOMy YTO CyIIeCTBOBaIa OOJIbIIAsi BEPOATHOCTH CECTh HAa MEITb.

B 1981 r., mocne 3aBepuieHus Bcex padOT MO yBEJIWYEHUIO rabapuToB, Seawise Giant Hayan
pabortats. Ero mapuipyt npoxoaun ot HeQTSHBIX MecTopoxacHUi bianxaero Bocroka B CIIIA u
obpatHo.

Ho u3-3a upano-upakckoii BOIHBI IPOU30IILIN CBOU KOPPEKTUBBI B XKU3Hb TaHkepa. C 1986 r.
CyJIHO HayMHAIlM MCMOJb30BaTh KaK IUIaBYYHI TEPMHHAN AJIsl XpaHEHWs] U JalbHEHIIel mepe-
rpy3ku upanckoi Hetu. [To oxonwanum BoitHBI B [lepcuackoM 3anmBe 3aTOHYBHIMI Seawise
Giant kynuia HopBexkckass Norman International. Tankep nofusiin u nepeuMeHoBanu B Happy
Giant. B aBrycre 1988 r. Ha HeM NOJHSIN HOPBEXCKUHU (haar 1 oTOykcupoBasiu B CUHramnyp, rie
Ha Bepdu Keppel Company Obuti IpoBeIeHBI PEMOHTHO-BOCCTAaHOBUTEbHBIE pabOThI. bhLT0 3a-
MEHEHO OKOJO 4 THIC. T KOPITYyCHBIX KOHCTPYKIMA. Emé mo cmaum B SKCIUTyaTalnuio B OKTAOpe
1991 r. VLCC 6511 mpoaH HOPBEKCKOM cynoxoanoi komnanuu Loki Stream AS 3a 40 mumnumo-
HoB noyapoB CIIIA u mokunHyn Bepdb yke moj HOBBIM Ha3BaHueM — Jahre Viking, B uecTs Bia-
JIeNbIIa KOMIIAaHUH ﬁopreHa Spe.

[lepemensl B )KM3HM TMTAaHTCKOTO cyAHa Havyanuchk B 2004 r. [locne npunarus B 2004 r. 3a-
mpeTa Ha 3axo]l oqHOKOpIycHbIX TaHKkepoB B opThl CIIIA u EBpomnsl Jahre Viking B ouepennoit
pa3 MOMEHsUT X03s5MHa W Ha3BaHHE. B MapTe TOro ke roma ero Kymuia HopBexckas First Olsen
Tankers n nepeumenoBana B Knock Nevis. C 3Toro MoMeHTa ero kapbepa Kak TPaHCIIOPTHOTO
cynHa okoHumnack. B Jlybae VLCC Obu1 nepeoOopyZioBaH B TaHKEP-HAKOMUTENb ChIpON He()TH
(FPSO) u mocraBneH Ha SsKOph Ha MopckoM MectopokaeHnn Al Shaheed y moGepexnst Karapa.

[Tocne aToro cyaHo Obio mponano kommanuu Amber Development Corporation st ganb-
Helmel ytunuzanuu. HoBeiilt xo3suH nepenMenoBan Knock Nevis B Mont u nmogHsiin Ha HEM
¢dnar Ceeppa-Jleone. B nekabpe 2009 r. TaHKep COBEPIINI CBOM MOCIEIHUMN Mepexoa K Oeperam
Wuauu, rae B TeUEHHE Tojia €ero KOpIyc paszenany Ha MeTaill B Ananre, mrar ['ypkapar.

EnnHCTBEHHOE, YTO OCTAJNIOCh OT CaMOTO OOJBIIOTO B MUPE KOPaOisi — 3TO ero 36-TOHHBIN
SIKOPb, KOTOPBIM XpaHutcsi B Mopckom my3ee ['oHKOHTra.

TexHn4yeckue xapakTepuctuku cyneprankepa Knock Nevis:

BBEJICH B dKCIUTyaTanuio — 1976 r., BeiBeaeH u3 coctana ¢uiota — 04.01.2010, nnuHa — 458,45
M, mupuHa — 68,86 M, ocanka — 24, 6 M, CUJIOBasi YCTaHOBKAa — MapoOBbIe TYPOWHBI 00IIEH MOIII-
HOCTBIO 50 THIC. J1.C., CKOPOCTb — 13—16 y3, sxunax — 40 4enoBek, Macca MEPEBO3UMOTO Ipy3a —
564,7 TeiC. T [2].

TakuM 00pa3oM, UCXO/I U3 MPUBEACHHBIX BBIIIE TaHHBIX, MOXXHO CII€NaTh BBIBOJ, YTO KaXk-
JI0€ CYyJTHO UMEET CBOM MpeumyliecTBa U HeaocTtaTku. CyqHO-TaHKep Tuma «Ainrtaiy cTaObuibHO,
HEOTPAaHWUYEHHO M0 pailOHAM IJIaBaHUS M 3aX0aM B MOPTHI, MO CpaBHEHUIO ¢ TaHKepoMm Knock
Nevis. Koneuno, 6pocaetcs B ria3a KojoccaibHasi pa3HHIIA B TapaMeTpax ABYX 3THX CynoB. Ox-
HUM W3 CaMbIX OOJBIINX HemocTaTkoB TaHkepa Knock Nevis siBisieTcs To, 9TO OH MOXKET 3aX0-
JUTh TOJIBKO B KpyIHEeilne HeQTeTepMuHaibl U TaM oOpadateiBaThes. Elle oqHUM HE0CTaTKOM
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SBIIIOTCS. €T0 OTPOMHBIE Pa3MEPhI, B YACTHOCTH JUIMHA. Takue TaHKephbl MOJBEPKEHbI pa3ioMaM
Ha BOJIHE, B PE3YJIbTATE YET0 MOXKET NMPOU30MTH HKOJIOTHYECKast KaTacTpoda, CBA3aHHAs C pa3in-
BOM HedrenpoaykroB. Ho ecThb M MOJ0XKHUTEIbHbIE MOMEHTHI AKCIUTyaTallid JTaHHOTO TaHKEpa.
OaHUM U3 IJIIOCOB MOKHO Ha3BaTh BO3MOXHOCThH MEPEBO3UTH I'Py3 OOJBIIMMH MAPTUSMU, TEM
CaMbIM CHUXkasi ce0ECTOUMOCTb IIEPEBO3UMOTO Ipy3a.

Ha xoudepenmuu Russian Maritime Days Eprenuit Jlonrux, Bmagenen kommnannu KALIN-
KA Shipping, sBistomeiics cyJoBbIM OpoKepoM, MOJENWICS C KOJUIEraMH MTOTaMU PEYHBIX U
MOPCKHX MIEpEeBO30K HE(DTH 1 HE(YTETIPOAYKTOB B MPOILIOM IOy H Aajl IPOTHO3 HAa TEKYIIHA TO/I.

2018 r. ObUT AJIS TAHKEPHOTO PBHIHKA MPOBAJIBHBIM: OOJBIINHCTBO CYAOBIAENIbLEB MTOHECTH
yOBITKH, B TOM YHCJIE€ U KpyHHeHIIas poccuiickas TankepHas komnanus «CoBkomdnor». 2019 .
MIPUHEC 037I0POBJICHUE PHIHKA.

BMmecte ¢ TeM MOSBIAIOTCS HOBBIE HCTOYHHUKH HE()TH, KOTOPBIX paHblle He Obut0. Hanmpumep,
CIIA cerozmHsi MOCTaBJISIIOT HA KCIOPT OKOJO 2 MIIH Oappenei B neHb. HecMoTps Ha TO, 4TO
YMEHBIIUIUCH 00bEMBI TIOCTaBIsIEMOM HEDTH 111 MOPCKHUX MEPEBO30K, HO YBEIUUMUIIOCH IJIEUO
MEPEBO30K, BCE 3TO OJIATONMPUATHO OTPA3MIIOCh HA (PPAXTOBBIX CTaBKaX.

Crpoc u notpebienue HepTH B MUpe TOCTOAHHO pacteT. B 2019 r. mnanupyetcs yBenuue-
HUe motpedsenus o otHomeHuio K 2018 r. Ha 1,4 muH Gappeneit HepTr B cyTku. MeHseTcs
cTpykTypa npemnoxkenust: CLLIA moCTOSHHO yBEIHMYMBAIOT KOJIMYECTBO HEPTH IS TPAHCIIOPTH-
poBku, CaynoBckas ApaBus — ymeHbllaeT. [Ipennokenue cyoB Ha pbIHKE yBEIMUMUBAETCS, MU-
POBOH (hJIOT MOCTOSTHHO PAcTET.

Mensiercss M cTpyKTypa umropra: KuTaii OCTOSSHHO yBEIWYHBAET OOBEMBI MOTPEOICHHUS.
Ecnu 10 ner Ha3ax cTpaHa UMIOPTUPOBAIA TaHKEpaMu OKoJo 4,5 MitH 6appeneld HeTH B CYTKH,
ceifuac — yxe 9 miH. «CIIA, Ha000pOT, U3 CTpaHBI-UMIIOPTEPA HE(PTH MOCTEIIEHHO CHHUXKAIOT
CBOIO 3aBUCHUMOCTb U B 00O3pHUMOI NEpPCHEKTUBE, HABEPHO, CKOPO MPEBPATATCS B dKCIOpTEpa
He(Tu», — cunrtaet cuukep. Toprossie BoitHbl Kutas u CIIA, no ero cioBam, oka HUKAaK HE OT-
pasuiIrCch HA MUPOBOM TAHKEPHOM PBIHKE.

Pacrer u ot Tankepos: ecnu 10 yeT Ha3aa COBOKYIHBIH MHPOBOW TaHKEPHBIA (JIOT CO-
craBisi1 okojio 400 MITH e ABEUT-TOHH, ceroHs Bbipoc 10 600 miaH. «Bo MHOTrOM 3TO 00BSCHS-
eTcs Iy3bIpeM, KOTOphIi OblT HaxyT B Havane 2000-x rr., Hanpumep, B 2009 r. o0bem noprdens
3aKa3a Ha CTPOUTEJICTBO HOBBIX TaHKEPOB cOCTaBIsUT 40 % MO OTHOLIEHHUIO K CYLIECTBYIOLIEMY
¢dnoty Ha Boze. Ha cerogust moprdens 3akazoB yxe okoio 10 % — BepHyJach cuTyarusi K HOp-
MaJbHOMY, CPEIHEUCTOPUUYECKOMY YPOBHIO. HO 3TOT my3bIpb HOBOTO CTPOUTENBCTBA U CETOJHS
oTpaxkaercs B Bo3pacTHOM mpodune ¢iora. [Tomydaercs, 94To Bo BceX cerMeHTax 0osee MmoIoBU-
HBI cymiecTByromiero ¢aorta — Bo3pactom mo0 10 net, a craporo (ioTa, KOTOpbie BEIpaboTa CBOM
(buznYeCcCKuil pecypc U TOTOB K CIMCAHHIO, OUY€Hb Mallo. Eclii phIHOK ymaneT, Ha CIMCaHUe TMOoi-
IyT Mojojsie cyaa. Kpome Toro, B TakoM ciy4yae YMEHBIIAETCS MOJIE3HbIM SKOHOMUYECKH CPOK
CITyxObl, KOTJla Ha pa3fesky uAyT 15-meTHue cyga, MeHsAeTcs BCS SKOHOMHUKA U pacueThl CyA0-
BJI/IETIBLEB, IPOUCXOAUT YCKOPEHHAs: aMOPTHU3allisl aKTUBOB, OH HE ycreBaeT oKynuThes. Koraa
BeCh (hJIOT MOJIO/ION, 3TO CTAaHOBUTCS MPoOIeMOoii A Bcel oTpaciuny, — coodurun E. Jlonrux.

OH Takxe oOpaTH/l BHUMaHHE COOpaBIIMXCS Ha COBPEMEHHBIN XapaKTep peYHbIX TAHKEPHBIX
nepeBo3ok. [Ipobaemsl, o ero cioBam, Havanuch ¢ HaBuranuu 2015 r. Kornma B exuHo# riry6o-
KOBOJHOU cucteMe PD OblI0 Maso BOJbI, CyAa Opajid MOJOBHHY OT PEalbHOr0 oObeMa rpy3oB
U3-3a MaJEeHbKUX MIIyOMH. DTO MMeJo JBa mocienctBus. IlepBoe — sKOHOMHKA SKCILUTyaTalluu
CTaJla HYJIEBOM M JlaXe€ OTPHULATEIbHOW, KOJIMYECTBO I'Py30B yHajl0o HA IOJIOBUHY, & PAcXOJbl
OCTaJIUCh TEMU Ke. BTOpoe — rpy300TnpaBuUTeNy, HE UMesl TaPAaHTUPOBAHHON BO3MOXHOCTHU BbI-
BECTHU CBOH Ipy3, MEPEKIIOYUIUCH HA aJbTePHATUBHBIC BUABI TPAHCIIOPTA — JKEJIE3HYIO OPOTY U
TPyOOIIPOBOIHBIN TPAHCTIOPT.

E. Jlonrux moguepkHyJ, 4To 10 CHX IOp, HECMOTPS Ha TO, YTO celyac TaKUX OOJIBIIUX MPO-
6nem ¢ riyounamu, kak B 2015 r. HeT, cuTyalus He BBIpOBHsUIACH. «Kene3Has mopora mpojod-
’KaeT OTTATUBATh Ha ce0s Ipy3, MOJb3YsICh CBOMM TOpa3fo 0oJjiee MOIIHBIM, YeM Y CYJOBIIaelb-
EB, JJOOOUCTCKUM PECypcoM, MEHSIET Tapu(bl, CHUKAET X, 3aBJICKACT CyIOBIaenbIeB. bomee
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toro, eciu B 2018 1. ocHOBHO# (hpaxToBarenb — «PocHepTh» — mpemiaran 5 MIH T TPy30B A
nepeBo3ky, B 2019 r. ona cuusmia ero 1o 3,5 miH 1. Y ipu 3TOM BHavalsie ce30Ha pasocialia Cy-
JIOBJIa/IeNIbllaM MUChMa CYACThsl C MPEIOKEHUEM PACCMOTPETh CHIbKeHHE cTaBoK Ha 10-20 %,
no0aBui oH. Jliist Toro 4ToObI CUTYyaIlsl UK3MEHUIIACh, [0 €T0 CII0BaM, TPeOyeTCsl CTpaTernyecKuit
MOAXO/ K pacTlpeIeJICHUIO TPYy30IIOTOKOB, UX MEPEKIIOUECHNE U KOOPAUHALIMS MEXKIY Pa3IudHbI-
MU BHJIaMH TPAHCIIOPTA.

bubaunorpaduyecknii cnmcoxk
1. BysHOB, A.C. Mopckoii ¢uIoT: TEXHUKO-SKOHOMHUYECKHE XapaKTEPUCTUKHU: CIIPABOYHHK /
A.C. bysnos, O.A. Kazpmuna. CII16.: THUMM®, 2016. 394 c.

2. Mopckue cyxorpy3Hble TpaHcopTHbIe cyna. Karamor / MunmncTepcTBO MOpCKOro (hiota
CCCP / BO «Moprexundpopmpekiaamay. JI.: Tpancnoprt, Jlenunrp. oraenenue, 1985. 387 c.

155



YIK 669.71

JAmutpuii Bragumuposuny XapuToHOB

JlanbHEeBOCTOYHBIN TOCYHAPCTBEHHBIM TEXHUYECKHHA PBIOOXO3SAHCTBEHHBIN YHUBEPCUTET,
rp. 9T6-312, Poccus, BnaguBocTtok, e-mail: dimkharitonov@mail.ru

Hayunwvni pyxosooumens — Tamvana Eezenvesna Kopuiynoea, kano. mexm. Hayk, 0oyeHm

HoBble MaTepuajJabl HA OCHOBE AJIIOMMHHUSA B TPAHCIIOPTHOM MAlIMHOCTPOCHUH

Annomayus. Jlaetcsi 0030p HOBBIX KOHCTPYKIIMOHHBIX MaTEpHUajOB Ha OCHOBE AIFOMHHMS.
PaccMoTpensl nx 0COOEHHOCTH, CIOCOOBI U3TOTOBICHUS U MEPCIIEKTUBBI MPUMEHEHUs B 00-
JIACTHU TPAHCTIOPTHOTO MAIIMHOCTPOCHHS.
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New materials on the basis of aluminium in transport machine industry

Abstract. In a paper the review of new structural materials on the basis of aluminium is given.
Their features, modes of manufacture and perspective of application in the field of transport
machine industry are considered.

Keywords: new materials, materials on the basis of aluminium, transport machine industry.

Pa3zBuTHE TpaHCTIOPTHOTO MAIIMHOCTPOEHHS HEPA3PBIBHO CBS3aHO C pa3pabOTKON M mpume-
HEHUEM HOBBIX MaTepUasoB, COYETAIONIMX CBOWCTBA TPATUIIMOHHBIX MAaTepUATIOB U MMEIOIIUX
HOBBIEC YHUKaJbHBIE. Ha cerogHsmHuil 1eHb OAHUM U3 HauOoJiee aKTyalbHbBIX SBISETCS BOIPOC
CO31aHMSI BEICOKOIIPOYHBIX MaTEPUaIOB C MUHUMAJIBHBIM BECOM, UYTO TIO3BOJIUT YBEIUYUTH IKOHO-
MHUYECKYI0 3P PEKTHBHOCTD, TIOBBICHTh HAJIC)KHOCTh U JIOJITOBEYHOCTHh CO3/1aBAEMBIX MAITHH, KO-
JIOTHYECKYI0 0€30MacHOCTh MPOW3BOACTBA M AKCIUTyataiuu TpaHcrnopra. C 3TOH TOYKH 3peHUs
TIEPCIEKTHBHBI MaTepHajbl Ha OCHOBE ATIOMMHUSA, ILIOTHOCTh KOTOPOTO COCTaBiseT 2,7 T/cm>.
[Tpu oTHOCUTEIHHOM JIETKOCTH CIUIaBbI ATIOMUHMS MOTYT UMETh TBEPAOCTh B JECITKHU Pa3 BBHIIIE,
4YeM HENOCPEICTBEHHO AJIOMHHMMA, YTO B 3HAYUTENbHOM CTENEHU pacIIMpsieT AUArna3oH UX Hc-
MOJIb30BAHUS.

[IpuMeHeHHEe aFOMUHHMS U €T0 CIUTABOB B aBTOMOOMIIECTPOSHUH MO3BOJISIET YBEIUYUTH TPY-
30M0TLEMHOCTh aBTOMOOWIISI, YMEHBIIIUTh €r0 Maccy U, KaK CIEJACTBHE, CHU3UTh PACXO TOTLIU-
Ba, UTO B CBOIO OYEpPEIb BEAET K CHIKEHUIO KOJIMYECTBA BBIXJIOMHBIX Ta30B, BHIOPACHIBAEMBIX B
aTMocdepy.

CormacHo pacueraM AccoIaiiuu aBTOMOOUJIECTPOUTENECH, KK KUJIOTpaMM aJIFOMUHUS,
WCIIOJIb30BAHHBIA MPU U3TOTOBJICHUH aBTOMOOWIIS, MTO3BOJISET CHU3UTH OOIIYI0 MacCy MAaIllHHBI
Ha KUJIOTPaMM, a Ka)IbIi MPOIICHT SKOHOMHH BeCca aBTOMOOWIISI — YMEHBIIUTH PacXo/] TOILINBA B
cpennem Ha 1,0 %. 100 xr amomuHus B aBToMoOmiIe 3koHOMAT 6osee 1000 1 GeH3MHA Ha Kax-
nbie 200 THIC. KM M CHHYKAET KOJIMYECTBO BHIOPOCOB YTIIEKUCIIOTO Ta3a.

B 2014 r. mupoBas aBroMoOuIbHAs UHAYCTpus (6e3 yueta Kuras) morpebuna 2,87 MiH T
amomunus. [IpenmnonoxurenbHo yepe3 5—7 JET 3TO KOJUYECTBO JOJDKHO BBIPACTU NPUOIH3U-
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TEJIBHO B 2 pa3a He TOJIBKO 3a CUET yBEJIMYEHUS YMCICHHOCTH MPOU3BOAMMBIX aBTOMOOMIICH, HO
U J0JIM AJIOMUHUEBBIX KOMIUIEKTYIOIIMX B HUX. Jl0Js allfOMMHHS B BECOBOM BBIPAXEHHH B CO-
BPEMEHHBIX aBTOMOOUJISAX B cpeHEM cocTaBisieT: npousBeneHHbIX B CIIIA —116 kr, SMOHCKUX U
I0KHOKOpeHcKux — 93 kr, eBporneiickux — 90 Kr, oTeuecTBeHHbIX — npubinsutensio 30—40 kr.
[To mporuo3am skcnepToB, k 2025 T. cpenHee conepkaHue aTIOMUHHUS B OJHOM aBTOMOOWIIE J10-
cruruet 250 kr [1].

W3 critaBoB almOMHUHUS TIPOU3BOIUTCS Bee OOJIbIIEe KOTUUECTBO JeTajlel JIeTKOBBIX aBTOMO-
Ouseil: paguaTopbl CUCTEMbI OXJIAXKJICHHs JIBUTATENs, KOJIECHbIE AUCKU, OaMIepsl, AeTalu MoJ-
BECOK, OJIOKM IIMJIMHJAPOB JBHUraTess, A€Tald TPAaHCMUCCHM, IeTalu Ky30oBa (KamoThl, IBEPU U
JIaXKe pambl) U JIp.

[TepcrieKTUBHBIM METOJOM IPOM3BOJACTBA ATIOMUHHUEBBIX JAETAlCH SBIAETCS NOPOLIKOBAas
MeTtairyprus. I1o sToi TexHONOrMK B SIMOHMM M3rOTABIMBAIOT AETAIN KOMIIPECCOPOB, BO3TYII-
HBIX KOH/JIWLMOHEPOB, MOPIIHEN IBUTATENEH, OJIOKOB HMIMHAPOB. MHOTHE allOMUHHUEBBIE CILIA-
BbI HE TOJIBKO IPOYHBI, HO U BBICOKO IUIACTUYHBI, YTO MO3BOJSAET U3rOTABIMBATh JETAIH CIOXK-
HOU (popMBI U3 TMCTOBOTO MpokKaTa [2].

VYuensie CIIA n Kanaap! co3gany crijiaB HOBOTO THIIA, OTBEUYAIOIIUN XUMHUECKOH (hopmyrie
AI20Li20Mg10Sc20Ti30, OCHOBHBIMA KOMIIOHEHTAMHU KOTOPOTO SIBJISIFOTCSI aJTFOMUHUH, JTHTHHA,
Mar"iui, TUTaH U cka"aui. IIOTHOCTH MaTepuana He MPEBBIIACT INIOTHOCTh AMIIOMHUHHUSA, & €T0
IIPOYHOCTH NMPEBOCXOAUT NPOYHOCTh TUTaHA. [IOCTUTHYTH TAKOIO COYETaHUS CBOMCTB YJAJIOCh
Omaronapst 0coboMy METOly MPOM3BOJICTBA CIUIaBa, CYyTh KOTOPOT'O 3aKJIIOYAETCs B TIIATEIBHOM
NepeMeIBaHNH MTOPOIIKOOOPA3HBIX UHIPEAMEHTOB C Pa3MEPOM YacTHIl HE Bbllle 12 HaHOMET-
POB C MOCJIEAYIOUIMM UX CIUIaBJICHUEM MO U30bITOUHBIM AaBieHueM B 5,9 I'Tla [3].

VYuensie Cankt-IleTepOyprekoro nonurexuuueckoro yausepcurera Ilerpa Benukoro paspa-
00TamM TEXHOJOTHIO CO3JaHMS MOPUCTHIX ATIOMHUHHEBBIX KOHCTPYKIHUH C JIOKAJIBHOW MOPUCTO-
CThIO [4, 5]. DPPeKT MOPUCTOCTH TOCTUTACTCS TIPH MTOMOIIH ITOCTEIICHHOTO PACIUIABIICHUS TIIa-
CTUHBI U3 AJIIOMHHHEBOrO CILIaBa ABHWKYIUEHUCS AIEKTPUUECKOM Tyrol ¢ OJHOBPEMEHHOM JIO-
KaJIbHOW TMOJa4yeil B paciuiaB BCIIEHMBAIOMIETO (IMMOPO0Opa3yromiero) rasa (BoJaopoia) B CMECH C
3aIUTHBIM Ta30M aproHoM. ITopucTslii criaB MO3BONIAET yBEIMYNUBATD KECTKOCTh KOHCTPYKIUH,
MOBBICUTD YJAPONPOYHOCTh, TEIUIOU30JIMPYIOIINE U 3BYKOU30IMPYIOIIME CBOMCTBA MaTepHaa.
Bo3MmokHOCTE ()OpMHUPOBATH B CIUIABE ATIOMHHHUS OTJIEIbHBIE TOPUCTHIC YYACTKU MTO3BOJUT MPO-
U3BOJIUTh METAJUIOKOHCTPYKLUH, HallpUMep, Ky30Ba aBTOMOOWIJIEH, U3 MaTepHalloOB MOPUCTHIX
BHYTPH, a CHapYy’>KU HAJI€KHO 3aLUUIIECHHBIX CIUIOLUIHBIM CIIOEM METAIUIA.

Kpome Toro, npumeHsiemas TEXHOJIOTUS MO3BOJIIET CHU3UTH IUIOTHOCTh MaTepHalia 10 ypoB-
HS U Ja)K€ HW)KE IJIOTHOCTH BOJBI, A€asl €ro IUIaBy4YHM, YTO OTKPBIBAET MEPCIEKTHUBBI IIpUMeE-
HEHUS TOPUCTHIX CIUIABOB AJIFOMUHHUS B CYJIOCTPOCHUU ISl CO3/IaHUsI OUEHb JIETKUX HE TOHYIIHUX
CYJZIOB 1aKe B cllydae Ipo0os Kopiyca.

Hcnonp3oBanne MatepraioB ¢ MOPaMU BHYTPU U CIUIOIIHBIM CJIIOEM CHApy U, MOXKET UMETh
MHOX€ECTBO JIPYI'MX MOTEHIUAIBHBIX IPUMEHEHUH B Pa3InYHbIX 00IACTAX MAIIMHOCTPOCHMSL.

PoccuiickuMu y4eHHBIMH COBMECTHO C MCCIEAOBATEISIMM TEXHOJIOIMYECKOrO LIEHTpa KOM-
nanuu Siemens (Corporate Technology — CT) pa3paGoTaHa TeXHOJIOTHSI THOJY4EHHUS CILIaBa
AJIFOMUHUS C ONITUMAJIBHBIMU CBOIMCTBaMU: B COCTAaB aJIFOMUHUS BBOJAAT IIAPOOOpPa3HbIE MOJIEKY-
JIbl HAHOYACTHUIL YIJIEPO/a, KOTOphIE MOBBIIAIOT IPOYHOCTh MeTaia 6ojee 4eM B TpH pas3a Ipu
OJIHOBPEMEHHOM CHMKEHHMH €r0 MaccChl. Takol BBICOKOIIPOYHBIN U JIETKUH CIUIAB IIPEIJIAracTCs
UCTIOJIb30BaTh B KOHCTPYKIUSIX KOMIIPECCOPOB, TypOOKOMIIPECCOPOB, IBUTATENEH [6].

Komanma ywensix HayuyHOW mmIKOJIbl «®Pa30Bble TMpEBpaICeHUs] U pa3paboTKa CIUIaBOB
Ha ocHoBe 1BeTHbIX MeTaiioBy HUTY «MUCuC» (HanuonanbHbIN Hccaea0BaTENbCKUN TEXHO-
JIOTUYECKUM YHUBEPCUTET «MOCKOBCKUI MHCTUTYT CTaJIM U CILIABOBY) CO3/1ajla HOBBIM MPOYHBIN
KOMITO3UT CHCTEMBI alfOMUHUN-HUKeNb-1aHTaH (Al-Ni-La) nns aBuma- 1 aBTOMOOMIIECTPOEHUS,
COUYETAIOUIMM IPEUMYIIECTBA KOMIIO3MLIMOHHBIX MAaTE€pPUAIOB W CBOWCTBA CTAaHJAPTHBIX CILIA-
BOB: IJITACTUYHOCTb, MPOYHOCTh U JIETKOCTH [7]. B pacruiaB amoMuHMs A00ABISUIUCH JIETUPYIO-
1K€ 3JEMEHTHI, 00pa3ylole C ATIOMUHUEM XUMUYECKUE COeIMHEHNs, KOTOpbIE B Mpoliecce 3a-
TBEpJIeBaHMsl CIuIaBa (JOPMHUPOBAJIKCH B MPOUYHBIN apMHUpyrOmuil kapkac. OCOOEHHOCTbIO HOBOM
pa3paboTKU SBISETCS BBICOKAs apMUPYIOLIasi COCOOHOCTh (DOPMUPYIOMIUXCS XUMUYECKUX CO-
€IMHEHUH, WMEIOIIUX YJIbTPAJUCIEPCHOE CTPOEHUE (JUAMETP apMUPYIOIIMX 3JIEMEHTOB
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HE TIPEBBINIAET HECKOJIBKUX JIECATKOB HaHOMETPOB). Pa3zpaborka yuensix HUTY «MUCuC» pe-
11aeT mpoOsieMbl HEPAaBHOMEPHOTO apMUPOBAHUS U HU3KOW MPOYHOCTH MOPOLIKOBOTO KOMIIO3U-
Ta. braromaps ecTeCTBEHHON KpUCTAIUTM3AIMH YAaCTHUIIBI PacTIpeAesiioTCS PaBHOMEPHO, CO3aBast
apMUPYIOIIUN KapKac, U KOMIIO3UT TMOIy4aeTcs 0ojiee MPOYHBIM U THOKHUM, YeM €ro MOPOIIKO-
BbIe aHanoru. M300peTeHHbIN MaTepuan mpeArnoiaaraeTcsi UCIoab30BaTh B 00JIaCTH aBHa- U Ma-
IIMHOCTPOCHUS, JIUIS TPOCKTUPOBAHUS COBPEMEHHOW POOOTOTEXHHUKH, OSCHMIOTHBIX JIETaTellb-
HBIX almnapaToB, IJe CHIKEHHUE MAcChl UMEET KpUTHUECKoe 3HadeHue. [IpenoxkeHHbIil MaTepuan
MO’KET OBITh UCIOJIb30BaH JIJIsl U3TOTOBJICHUS CIOXKHBIX JleTanel Mmetogamu 3D-nevaru.

Cosznan mpo3payHblii MaTeprall Ha OCHOBE aTIOMUHUS B TPU pasa MpPOUYHEEe CTaH, MPEACTaB-
JSIOIMNUNA COO0M KepaMHUYECKYI0 TBEPIYIO MAacCy OKCHHUTPHUAA aTIOMHHUS (COSTUHEHNE aTFOMU-
HUS, KUCJIOpOJa M a3oTa), OoTBedaromero xumudeckoil dopmyie (AIN)x-(Al203)1x (ToproBoe
Ha3zBaHue AION) [8, 9]. B monsipHoM cooTHOLIeHHH 3HaueHue «x» cocrasiser 0,30 <x < 0,37.

W3nenus U3 OKCMHUTPUAA AIFOMHHHS U3TOTABIMBAIOTCS METOJOM TOPOIIKOBOW METAILTyp-
THH: TIPECCOBAaHUEM MOPOIIKA OKCHHUTPHUAA ATFOMHUHHSI C TTOCIEAYIOMUM CIIEKaHUEM T0J] JaBJie-
HUeM. 3ateM OOBEKT MOJUpYyeTCsl N0 mpo3padyHocTH. [Ipuuem gopma MpoayKIUU MOXKET OBITh
abCoIOTHO JTI000H.

[Ipospaunocts AION He ycTymaeT CTekiy, OH YAapOIPOYHBIH, JIETKUH, HE TIOABEPIKEH Lapa-
NAHUIO, TYTOIJIaBKUK (TemmepaTypa IuiaBieHusi cocrasiser 2150 °C), mpakTuuecku B 2 pasa
TBepike carndupa, B 4eThIpe pa3a MpoyHee 3aKaJeHHOTo cTeka. Ero ontudeckasi mpo3padyHoOCTh B
ynbTpaduoIeTOBOM, BUAUMOM U TOTYBOJHOBOM JHala3oHaX 3JIEKTPOMATHUTHOTO CHEKTpa CO-
craisieT 6omee 80 %. ALON ycToWuuB K paguamvy U BO3ACHCTBUIO PA3IMYHBIX KHCIIOT, IIEJI0-
Yel U BOJLI.

bnarogapsi coueTaHnio MOJIYYEHHBIX CBOMCTB HOBBIM MaTepHall MOKHO HCIIOJIb30BATh BMeE-
CTO MYJEHETPOOUBAEMOr0 CTEKJIA, B3PBIBO3ANIHUIIEHHBIX U YIAPOIMPOYHBIX CTEKO, ISl U3TOTOB-
JICHUS «CTEKOID MPAKTHYECKH JIFOOOTO TPaHCTIOPTa U MPUOOPOB, «CTEKISHHBIX)» TUIUT, KYTIOJIOB,
CTepKHEH, TpPyOOK, ONTUYECKUX CUCTEM U JP.

HoBble TEXHOJOTMHM M MaTepuabl A HYXJ MalIMHOCTPOEHUS MPOAOKAIOT aKTUBHO pas3-
BHUBAThCS BO BCEM MHUPE, H B 3TOM Py OJHUMH M3 MEPCICKTUBHBIX SBISIOTCS MaTepHAIbl Ha
OCHOBE aJIFOMHUHUSL.
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I[I/IHaMHKa ‘{epBH‘lHOﬁ nepeaavu Npu MrHOB€HHO IPUJTOKEHHOM
KPpyTdAII€EM MOMCEHTE

Annomayus. Ilpencrasnena uadopmaius 00 UCCIEOBaHUAX TUHAMHUKH YEPBSIYHOM mepea-
YH [P MCHOBEHHO NPUJIOKEHHOM KPYTAILIEM MOMEHTE. PaccMOTpeHbl ypaBHEHHs TUHAMMU-
YEeCKOr'0 paBHOBECHUS YEPBAYHOM MEpesadn ¢ YIeTOM KECTKOCTH 3y0a, KECTKOCTb MPY>KUHBI
3yObeB LIECTEPHHU, YPABHEHUS pABHOBECHUS YEPBSIUHON NIepeaayH.

Kntoueswie cnosa: yepBsuHas nepegada, KpyTAIAA MOMEHT, )KECTKOCTD.
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Dynamics of a worm gear with momentarily applied torque

Abstract. The article presents information about the research of the dynamics of the worm
gear with instantaneously applied torque. The equations of dynamic equilibrium of the worm
gear, taking into account the stiffness of the tooth, the stiffness of the spring of the gear teeth,
and the equations of equilibrium of the worm gear are considered.

Keywords: worm gear, torque, stiffness.

Ha nuHaMuky 4epBSYHOH IMepenavd Mpu MIHOBEHHO MPHIIOKEHHOM YTJIE MTOBOPOTA BIUSIOT
HECKOJIBKO (PaKTOPOB (BKJIIOYAs CHIIy TPEHHS M YHPYTyO Ie(OpMaIHi0 IMOBEPXHOCTH MEXITY
3yObsMH 1I€CTepHHU). BbUT0 00HApYX)EHO, UYTO 3TH (AKTOPHI BHI3BIBAIOT 3HAYUTEIIPHYIO OIIUOKY
MO3UIIMOHUPOBAHUS TIPU BPAIICHUH.

YeppsuHas mepeaada — XOpOHIuil BIOOp M3-3a HEOOIBIIOT0 00beMa U BHICOKOTO TIepeaaToy-
HOTrO yHcia. /JlnHaMuKa 4epBSYHON Tepefayl MPU MTHOBEHHO TNPHIIOKEHHOM OOJIBIIOM KPYTS-
[IIeM MOMEHTE OYeHb Ba)KHA JUIsl IOHMMaHUs 3TOro moBeneHus. Ha 3To moBeneHune BIUSIOT He-
CKOJIbKO (DaKTOpOB, BKJIFOUYAsi CHJIy TPEHHUS W YHPYTyH Ae(opMaiuio MOBEPXHOCTH MEXKITY
3yObsiMH TIecTepHU. UTOOBI MOHATH BIMSAHUE 3TUX (HAaKTOPOB, OBLIO MPOBEIEHO MHOMXKECTBO HC-
cnenoBanuii. MccnenoBanu BIUSHUE MOBEPXHOCTHOTO U3HOCA HA JMHAMHYECKOE ITOBEJCHHE TH-
MUYHOTO IUIAHETApHOT'O Psifia, pacipeieieHue IIyOuHbl U3HOCA, TUHAMUYECKUN OTKIIUK MPSIMO-
3y00ii mapsl B IIUPOKOM AHAINIa30HE PA00OYMX CKOPOCTEH U KPYTAIIUX MOMEHTOB.
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Ypasnenue pasnosecus uepeaunoii nepedauu

I'eomeTpust uepBsYHO Nepenaun nokazaHa Ha puc. 1. FImeroTcs yepBsk, uepBsiyHas nepea-
ya, 1Ba Baja, 4YeThIPE MOAIIUIIHMKA U MaXOBHUK. Ban yepBsika NpUBOAUTCA B JBUKCHHE HA YTOJ
0. Yron nmoBopoTta MaxoBuka 8,. Yroi moBopoTa Kopiyca uepBsika 6, (3a cuet ynpyroit nedop-
Maluu Bajia 4epssika; 0; # 0,). Yroa moBopora Kopiyca 4epBAYHOW mepenauu O;. MomeHT
WHepIH uepssika J,,. [llaroBeiii paguyc BUHTOBOTO 3y0a YepBsika paBeH T,,. IHepus BpamieHus
YepBsKa Kak TBEPAOro Tena paBHa Jg. [llaroseiil pajuyc yepBaYHOl nepenaqu r; MoMeHT uHep-
UM MaXOBUKa COCTABIISACT Jy4.

Y

Pucynok 1 —I'eoMeTpus yepBAYHON nepenaun

CocTaBUTh ypaBHEHMSI paBHOBECHsI YepBAYHOW mnepegauu. HopmanbHyro cuiny W, u cuiny
TpeHus: Wymexay 3yObsiMU uepBsika U 3yObsIMU YepBAYHON Hepeaayn He0OXOIUMO Pa3oKUTh U
CIIPOCIIMPOBATh HAa TPH OPTOTOHATBHBIE KOMIIOHEHTHI CUITBl Fx, Fyu Fz (puc. 2).

E, =W, cos¢, sind + W;cosA,
E, = W, cos¢y, sinA — W cos A,

E, = W, sing,.
. C <>
N -F

worm-gear

Pucynok 2 — Pa3noxeHne KOHTaKTHBIX CHIT
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PaBHOBecHbIE ypaBHEHHS IBH)KEHUSI MOXKHO Pa3fAeuTh HA TPU CBOOOIHBIX Tena. OHO — 3TO
ypaBHEHHE PAaBHOBECHs YEpBsKa M Baja YEpBSKA, IPYyroe — ypaBHEHUE PABHOBECUS YEPBSIYHOU
Iepeaayy U Bajia, a TPEThe — ypaBHEHUE PABHOBECUSI MaXOBUKA. Y PaBHEHHUE PAaBHOBECHSI UEPBAKA
1 YEePBSIYHOTO Bajia MOXKHO BBIPA3UTh CIEAYIONIUM 00Pa3oM:

fzéz = - Fx(021 93’92: 93)Tw - K, (6, —6,)
= —(Wn(HZ, 6, 6,, é3)cos ¢n, Sin A)rw — (Wf(Gz, 6, 6,, é3) cos A)rw
- Kw(92 - 61)

YpaBHeHHE paBHOBECHUS YEPBSIUHON Mepeaun 1 Baja YepBAYHOU Mepeaadyu MOKET ObITh BbI-
pakKeHO Kak

]gé3 = Fy(ez' 93'é2' 93)Tg - Kg(93 —04)
= (Wn(ez, 6, 6,, ég)cos ¢y, cos A)rg - (Wf(ez, 63, 6,, 93) sin /1) Ty
- Kg (93 - 94)

Ocesas dcecmkocnms NPY*CUHBbL NOOWUNHUKOB, YePEAUHO20 8alA U 8ANA YEPEAUHOU nepedaiu

Pe3ynpraThl 3KCIEPUMEHTA IO HAXOXKACHHUIO 3aBUCUMOCTH MEXJY Harpy3kod M OCEBBIM
cMmemieHneM noamunHuka (puc. 3). OceBas KECTKOCTb MPYKUHBI YEPBSIYHOTO MOIIMITHUKA
(Kp Tws) ¥ TIOAIIMITHUKA 4YepBAYHOU mnepenauu (Kjp 7 g5) PACCUMTHIBAETCS C UCIHOJIB30BAHUEM
(puc. 3) Kpome Toro, K; ,,s 1 Kp 1, MOXKHO paccMaTpuBaTh KakK JIBE TMOCIEIOBATEIHHO COCIH-
HEHHbIC NPYKHUHBI. Tak ke, Kak K g5 U Kj 7 g5 TAKKE MOXKHO paccMaTpuBaTh Kak JIBE MOCIEI0-
BaTEJIbHO COEIUHEHHbIEe MpPYXHUHbL. CienoBaTenbHo, K, MOXKET ObITh BbIpaXeHo uepe3 Kj s €

Kp 1 ws 1 Ky, TaKXKE MOXKHO BBIPa3UTh Yepe3 K g5 € Kj, 7 gs. Y PAaBHCHHS IPEIICTABICHBI HIDKE:

k _ KL WSKb Tws
ST Ky ws + K
Lws bTws
k KL gst Tgs

gs =
KLgs +Kngs
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Pucynok 3 — CooTHoIIeHHE 0CEBHIX TIEPEMENICHUH TOIIUITHUKOB M OCEBBIX HAIPy30K

Kopmyc mectepHn cuuTaercs )KeCTKUM, a YIPYIMM — TOJbKO 3y0 mectepHu. s ympoiue-
HUS aHAJIM3a MoJienupyeTcs Tojibko 180° 3yba uepBsika, IOCKOIBKY 3y0, pacrooKEHHBIH TaleKko
OT TOYKU HarpysKH, He BJIMSET Ha pe3ysbTarhl aHann3a. CylecTBYIOT pa3Hble KECTKOCTH IMpYy-
JKUHBI 3y0a uepBsKa 1 3y0a 4epBsUHOM Nepeauu sl pa3HbIX MMOJIOKEHUH KOHTAKTa, Pe3yJIbTaThl
nokaszassl Ha (puc. 4). HxeHep, NPOEKTUPYIOUINHA YEPBAYHYIO M UYEPBAYHYIO CUCTEMBI, BCETIa

161



JIOIyCKaeT MepeaaToyHoe 4yucio Oonblie 1, ciepoBaTenbHO, CyHIECTBYET OOJIbIIasi BEPOSITHOCTh

TOr'0, 4TO YCPBIK U YCPBAYHAA MICCTCPHA HAXOIATCA B COCTOSAHUN KOHTAKTa ABYX SyGBeB, KOBq)-
(UIIUEHT KOHTAKTa paBeH 2.

10

Spring constant N/m (1x108)

3 1 1 1
75% 100% (pitch radius) 125%

The tooth contact positions of ¢, &, and ¢k,

Pucynok 4 — KpuBbie 5KeCTKOCTH TPYKHHBI YCPBSYHBIX 3yObEB
¥ 3yObeB YEPBSAYHOM MECTEPHU — CgK g, Cy Ky,

OTHOCHTENBHOE IBIKEHUE MEKAY 3yObsIMH YEPBSIYHOH Mepesadl v 3yObsIMHU YEpBIIHOM I1e-
pelauy CUMUTAETCs YUCTBIM CKOJBKEHHEM, IOITOMY TPEHHE MIPAET BAXKHYIO POJIb B XapaKTEpH-
CTHKaxX YepBAYHON mepemadn. DPH(PeKTHBHOCTH 3y0UaTol mepenadyn HampsiMylo 3aBHCHT OT KO-
spdunmenta tpenus. Ha kKoapGUIMEHT TpeHus BIUSET CKOPOCTh MOBEPXHOCTHOTO CKOJIBKEHUS
00oux 3yObeB; TpeHHE YMEHBIIACTCS 110 MEPE YBEINYEHHSI OTHOCUTEIBHOW CKOPOCTH CKOJIBXKE-
Hus. Hukakue (Gopmyinsl He MOTYT OBITh MCHOJIB30BAHBI JJII TOUHOTO pacuera Kod(pHUIreHTa

Tpenus. B nanHoM uccnenoBanuu ¢popMysia OCHOBaHA Ha CKOPOCTH CKOJIBKEHUS CPEJIHEro aua-
MeTpa 4epBsiKa

1(6,,65) = 0.0470713 + 0.1056549¢ ~(0223607)%°

[TonBons UTOrU, MOXKHO CKa3aTbh, YTO B JIaHHOW paboTe OBLIM PACCMOTPEHBI ypAaBHEHHS M-
HAMHUYECKOT0 PaBHOBECHSI UEPBIYHON NEpelaut C yUeTOM JKECTKOCTH 3y0a, )KeCTKOCTh NPy KUHbI
3yObEB IIECTEPHH, OCEBast )KECTKOCTh MPYXHHbI MOJIINITHUKOB, PACCMOTPEHBI YPaBHEHHS paB-
HOBeCHsl 4epBAYHOU mepenayu. [IpoaHanuzupoBaHHBIE PE3yJIbTaThl CPABHUBAINUCH C U3MEpEH-
HBIMU JaHHBIMU. CpaBHEHME [T0OKA3bIBAET, UTO MaTeMaTU4ECKasi MOJIENIb pa3yMHO BEpHA.
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IHoBbimenne 3HeProdpPeKTHBHOCTH MOTOP-PEAYKTOPOB MOCTOSAHHOI'0 TOKA
B POOOTOTEXHHMYECKHUX YCTPOHCTBAX

Annomayus. IHeprodGPeKTUBHOCTD — 3TO pacTyliasi MpodieMa B CETOAHSIIHUX MEXaTPOH-
HBIX KOHCTPYKIMAX. B mocnenHue roapl MOSBUIOCh MHOTO paboOT MO MPEJICTABICHUIO SHEP-
rodpeKTUBHBIX MPUBOAOB C ANMEKTpoABHraTensiMu. OJHAKO METOJ pacdera SHepromnoTpeo-
JICHUs] OTJIMYAeTCs HEMOoClIeA0BaTeNbHOCTRIO. [IpM ONTHMHU3AaLMK YacTO HE YUYUTHIBAIOTCS
unepuusa npusoaa, KIIJ[ asuratens u KI1/] konTponnepa, paBHO Kak U 3aBUCUMOCTh MOTEPh
U IPYTHX HEJIMHEHHOCTEH OT HAarpy3KH U CKOPOCTU. XOTS ATOT MOIXOJ XOPOIIO paboTaeT B
CTaIlIOHAPHBIX YCJIOBHSIX, OH MOXET MPUBECTU K 3HAYUTEIbHBIM OIIMOKAM B BBICOKOIMHA-
MUYHBIX 3aJ[a4yax ¢ HIMPOKUM JIMAra30HOM OIepaluii, TAKUX, KaK T€, C KOTOPbIMH CTaJIKUBa-
I0TCSl UCTIOJTHUTENIbHbIE MEXaHU3MBbI B 00J1aCTH pOOOTOTEXHUKHU.
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Improving the energy efficiency of DC gear motors in robotic devices

Abstract. Energy efficiency is a growing concern in today’s mechatronic designs. In recent
years, many works have emerged presenting energy-efficient actuators with electrical motors.
However, there is little consistency in the way energy consumption is calculated. Drive iner-
tia, motor efficiency and controller efficiency are often neglected in optimizations, and so are
the load- and speed-dependency of the losses and other non-linearities. While this approach
works well in stationary circumstances, it can lead to significant errors in highly dynamic
tasks with a wide range of operation, such as the ones faced by actuators in the field of
robotics.

Keywords. gear motor, direct current, energy efficiency, robotic devices.

ITo mMepe pocta o61acTu MOOMIBHONH POOOTOTEXHUKHM PACTET CHPOC HA JIETKHE U 3HEProdd-

(exTHUBHBIE IPUBOIBI. DHEPro3(PPEeKTUBHOCTH BaXKHA, IIOCKOJIBKY OHA oOecneunBaeT bosee -
TEJIbHYI0 aBTOHOMHUIO po0OOTa U CHIKAET BEC aKKyMYJIITOPHOW OaTapeH, YTO CHOBA CHMIKAET I10-
TpeOHOCTh B PHEPTUU U, BO3ZMOXKHO, YBEIMYUBACT MAHEBPEHHOCTb. BO MHOTMX KOHCTPYKIIHSIX
UCTIONIB3YIOTCSL ABUTATEIN MOCTOSHHOTO TOKA, KOTOPBIE, TOMUMO MPOCTOTHI pealnu3aluu 1 rud-
KOCTH, 00JIa1al0T IPEUMYIIECTBOM B BHUJIE BBHICOKMX MakcuManbHbIX 3HaueHui KII/I. Ognako B
OTJIMYHE OT OOJIBIIMHCTBA JAPYTHX MPOMBIIUICHHBIX MPUIOKEHHH, B KOTOPBIX JABHUTraTeNn pado-
TaloT OJM3KO K CBOEH HOMHHAIILHOM paboueit Touke, poOdoTaM 0OBIYHO TpeOyeTcsi, 4TOObI ABUTa-
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Tenb paboTaj ¢ IEPEeMEHHOM CKOPOCThIO M Harpy3koil. B mocnemneM ciydae HEOOXOIUMO TIpe-
0J10JIETh JIOTIOJIHUTENbHBIE HHEPLIMOHHBIE HATPY3KH, U ABUraTeb OOJIbLIE HE CMOXKET paboTaTh ¢
MakcuMaibHOU 3¢ dekTuBHOCTBIO. OueHb YacTO PACyYeThl MOJHOCTHIO OCHOBBIBAIOTCA Ha IO-
TpeOJIEHUN SHEPTHH Ha BBIXOJHOM Bally JIBUTATENs, YTO O3HaudaeT, 4To 3aBucumMocts KIIJ[ nBu-
rarens OT KpyTsIero MOMEHTa M CKOPOCTH, a TaKXkKe ero MHepLus He yuuTbIBatoTcs. HekoTopsle
aBTOPHI TAKXKE PACCMATPUBAIOT MOTPEOJICHHUE SICKTPOIHEPTHH, BBOIS MOAETH 3((HEKTUBHOCTH
JBUTATEIS TTOCTOSTHHOTO TOKa. OOBIYHO MOJENb BKJIIOYAET PE3UCTHBHBIC TOTEPH, a WHOT/A U
MPOTIOPIIMOHATIFHBIE CKOPOCTH JABHTaTels. B TexHHMueckux paboTaxX, B KOTOPBIX HCHOIB3YETCS
MOJIENb JIBUTATEINS TIOCTOSTHHOTO TOKA, OOBIYHO BKITIOYAETCS] MHEPIUS ABUTATENsl, HO PEAKO yUH-
TBIBACTCSl MHEPIHS peaykropa. OMHAKO BO MHOTHX CHCTEMaX MCIIOJHUTEIBHBIX MEXaHU3MOB OT-
pakeHHast MHEPLUS JABUTATENsl M KOPOOKH Iepenad HaMHOTO OoJiblle, YeM WHEpIUs 3BeHa, YTO
03HayaeT, 4YTo OOBIYHO 3TOW WHEpLMEH Heb3s mpeHeOperaTh. JTo npu3Haercs B [1, 2], rie aBTo-
PBI IPEICTABIISIOT METOJI BEIOOpA JBUTATENA-pPEAYKTOPA, KOTOPBINA BKIIFOYAET WHEPLUHU M MOJCITH
JIBUTATEIISI IOCTOSIHHOTO TOKA.

HecmoTps Ha TO, 94TO CYyIIECTBYIOT PEIICHUS C MPSIMBIM MPUBOJOM M MX MPEJIAaratoT Mpou3-
BOJIUTENN poOOTOB, B OOJIBIIMHCTBE KOHCTPYKIMI MPUBOIOB UCIOIB3YyeTCs 3yOuaras nepenaya,
4TOOBI COTIIACOBATh BBIXOJHYIO HArpy3Ky M CKOpOCTh ¢ Hanboinee 3(h(heKTUBHBIM pabouuM aua-
na3oHoM jBuraress. OHaKo LIECTEPHU MPUBOIAT K MOTepsAM 3Hepruu. OObIUHO NMOTEpH B 3y0-
YaThIX Nepefayax pa3fessioTcs Ha MOTepH, 3aBUCSIIUE OT HArPY3KU U HE 3aBUCSAIINE OT HArpys3-
k. OOmmpHBIN 0030p MOJEei MOTeph, HE 3aBUCAIINX OT HArpy3ku. CyIIecTByeT MHOXECTBO
MoOJIeJIel ISl IPOTHO3UPOBAHMS TIOTEPh, 3aBUCAIIMX OT HAarpy3KH, U pa3paboTKa TaKUX MoJeNei
HEe mpekpamaercsa B nociaeanue rofael. B 1980-x rr. Anaepcon u JleBeHTanb mpomenanu 00Jb-
Iy paboTy 1o moBbleHuo 3 dexkTuBHOCTH 3yOUaThix nepexay. Ha puc. 1 mpencrasneH tu-
MAYHBIA rpaduk dHPEKTUBHOCTH MPAMO3y00i 3y0UuaToi mapbl, OCHOBAaHHBINM Ha UX OOBIYHO HC-
NoJb3yeMoil Mojienu, onyoaukoBaHHOM B 1980 r. CyiecTByeT cHilbHas 3aBUCUMOCTh OT KpYTs-
IIEr0 MOMEHTA, TOI/la KaK 3aBUCUMOCTh OT CKOPOCTH BbIpa)k€Ha B MeHblIel cteneHu. [Ipu ma-
JBIX KPYTAMKX MOMEHTax 3¢ dekTuBHOCTH ObIcTpO cHUkaercs. [Ipu 3Tom Gosee HU3KHE CKOPO-
ctu paroT 6oiee Beicokuid KIT/I.

2
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Pucynoxk 1 — I'padpuxu KI1J] anst 3yOuaroit mapsl, HOCTpOSHHBIE
Ha OCHOBe MoJienu AHnepcoHa-JIeBeHTans

B poboToTexHuke nepenaTovyHble YMCIa, MpeaiaraeMble TOJIBKO MPSIMO3YObIMHU IIECTEPHS-
MU, OOBIYHO HEAOCTATOUHBI. [IaHeTapHbIe PeIYKTOPHI SBISIOTCS MOMYJISPHBIM PEIICHUEM U3-3a
UX CIIOCOOHOCTH JOCTUTATh OOJBIINX MEPEIATOYHBIX YHCET IPU OTHOCUTEIBHO HEOOJBIINX pa3-
Mepax. OZHAKO MX CIIOKHOCTh 3aTPYAHSET MOIY4YEeHHE JTOCTOMHBIX Mojenel 3(PPeKTUBHOCTH.
Kak npaBuiio, 3Ti popMyIIsl BKIIOYAIOT TOJBKO MOTEPU MPHU 3alCTUICHUH, YTO 03HAYAET, 4TO (-
(eKThl HHEPLUU U TIOTEPH, 3aBUCSILIUE OT CKOPOCTH, HE YUUThIBatoTca. Kpome Toro, Bce 3TH MO-
Jenu TpeOyIoT Ompe/eNeHHBIX 3HAaHUM O KOHCTPYKUMH 3yO04aThIX Kojec (Hampumep, AuaMeTp
MOJyJs / 1mara, KOJM4ecTBO 3yObeB H T.J.), U TIOATOMY HE MMEIOT MPAKTUYECKOTO MPUMEHEHUS
npu BBIOOpE CTaHJapTHOTrO peaykropa. [lo 3Tum npuumHam Mbl OyneM MpHIEPKUBATHCS TOCTO-
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SHHOTO 3Ha4yeHUs 3(PPEeKTUBHOCTH, YKAa3aHHOTO B KaTaJore JJIsl pacueToB, CIEIAHHBIX B ITON
crarbe. OHaKO MbI Oy/ieM YUYHUTHIBaTh 3aBHCHMOCTh OT MOTOKa MoOIIHOCTU. Kak Obuto mpeaso-
JKEHO B [5], MBI MOKEM 3aIlMcaTh COOTHOLIEHUE MEXIY KPYTALIMM MOMEHTOM HAarpy3kd U Kpy-
TALMNA MOMEHT Ha Bajly JIBUTaTells.

Tshap = C- T,

e {1

Ner

B 3aBucuMocTH OT TOTO, TEUET JIM MOITHOCTH OT JIBUTaTeNs K Harpy3Ke Wi Hao0opoT, moTe-
pH B PEAYKTOpE MPHUBEAYT K YBEIUUCHHIO MJIM YMEHBUICHUIO KPYTSIIETO MOMEHTA JIBUTATEIIS.
CrnenoBarenbHO, CIEAyeT JU CTaBUTh 3HaueHue 3(p(HEKTUBHOCTU B YHCIUTEIb UM 3HaMEHATeNb
yYpaBHEHHsI 3aBUCUT OT COCTOSIHUSI CUCTEMbI. DTO 00BsICHAETCS onpeeneHrneM GpyHKunuu 3 dek-
TUBHOCTHU. B 3aKiitoueHne oTMETHM, 4TO, KaK M OOBIYHBIC 3yO4aThle Maphbl, MIaHETAPHbBIC PEIyK-
TOPBI CTPAAIOT OT PE3KOTO CHIDKEHUS d(PPEKTUBHOCTH MPH HCIIOIB30BAHUH C HU3KHM KPYTS-
muM MoMeHTOM. Emie onHa BakHasi XapaKTEPUCTHKA — KOJIMYECTBO CTYIICHEH; J00aBICHUE CTY-
NeHel K KopoOKe rmepeaay Al YBEeIWYEeHUs TIepelaTOYHOT0 YHCIa CHIDKAeT (P (EKTHBHOCTh KO-
pOOKH Tepesiad n3-3a YBEIUYEHHS KOJIMYECTBa KOMIIOHEHTOB M CBSI3aHHBIX C HUMH NOTeps. [1o
sroit npuunHe KII1/] kopoOku nepenad OyaeT HUKE PU BHICOKUX TEPEJaTOYHBIX YHCIHAX.

B MoOmIIbHOM poOOTOTEXHUKE, I/Ie BaXKHBI MOPTATUBHOCTH U BEC, NCTOYHUK MUTAHHS MTOCTO-
SIHHOTO TOKa, TaKol, Kak aKKyMYyJIsITOp, OOBIYHO sIBIsieTcs Hanbosee ynoOHbIM pemeHueM. Cie-
JIOBaTEJIbHO, JIBUTATENh IOCTOSHHOTO TOKa SIBIISETCS HamOoJiee BEPOSTHBIM KaHIUIATOM IIpH
BBIOOpE THIA ABHTATENsl. B TEXHWYECKMX MACIOpTax JBUTATENCH MOCTOSHHOTO TOKa OOBIYHO
yKa3bIBaeTCsl MaKCUMasbHas 3pPeKTUBHOCTb. OHAKO, KOT'/1a AIBUraTesIb paboTaeT ¢ nepeMeHHON
Harpy3Kod M / MM NMEPEeMEHHON CKOPOCTHIO, ero 3((EKTUBHOCTh MOXKET YHAacTh HAMHOTO HIKE
sTOro 3HaueHus. /g ontumuzanuu SHEprodpHEeKTUBHOCTH TAaKUX MPHIIOKEHUH TpeOyercs Mo-
nenb 3¢dexruBHoctn npurarens. [lorpebisemass MOIIHOCTH JABHUTraTelsl PacCUUTHIBACTCS IS
CIICAYIOIICH MOJIENIN IBUTATENSI TOCTOSIHHOTO TOKa

I _ T+ VU

ke
U= L% 4RI+ Kyl

2

YTO J]a€T COOTHOLICHHE MEXAY KPYTALIMM MOMEHTOM JBuraress Tm, CKOpOCTb ABHUrateis Om,
Tok | n Hanpsbkenue U. Mojens BKIIIOYaeT AeMI(UpyIOLIMe MOTepH, JONOIHUTENbHBIA KPYyTs-
LM MOMEHT, TPONIOPLIMOHAJIBHBIN CKOPOCTH ABUTATENS Ul yueTa TPEHHs MEXIy KOMIIOHEHTa-
MU JBHUraTessi U Pe3UCTUBHBIX MOTEPh, KOTOPhIE MPUHUMAIOT Ha ce0sl 4acTh HANpPSHKEHUsS JIBUTa-
TeJsl U IPONIOPLIMOHANIBHBI KPYTSIIEMY MOMEHTY, CO3aBacMoMy Asurareiem. Kpome toro, mpo-
UCXOAUT MOTEPS HANPSHKEHUS U3-32 OKOHEUYHOW MHIYKTUBHOCTU. OJHAKO WHIYKTUBHOCTb L Ha
TPU-YETBIPE MOPSIIKA MEHBIIE, YEM CONPOTUBIECHUE R M KOHCTAaHTAa CKOPOCTH, U IO3TOMY UM
MOYKHO MpeHeOpedb, €CIH KPY TSI MOMEHT HE COAEPIKUT BHICOKOUACTOTHBIX COCTABISIONINX C
OonpmMu amIuuTyamMu. Hakoner, HEOOXOIMMO OTMETHUTh, YTO KPYTAIIMA MOMEHT, BO3HUKA-
IOIIMIA U3-32 YCKOPEHUS UHEPLIUU POTOPA, SIBHO HE MPHUCYTCTBYET B 3TUX ypaBHEHUsX. Ero HeoO-
XOJUMO BKJIIOYMTH B PAcueT B CIy4yae NEPEMEHHOU CKOpOCTH. Tenepb Mbl MOXKEM ONpPEAEIUTH
TPH TUIIA TIOTEPB:

*Pe3ucmusnvie nomepu: 3T TOTEPU BBI3BAHBI TOKOM, MPOTEKAIOLIMM Yepe3 OOMOTKH, 4TO
IIPUBOJUT K paCCEUBAHUIO MOIIIHOCTH.

*Jlemngpupyrowue nomepu: 3To MOTEPH, CBI3aHHBIC TOJIBKO CO CKOPOCThIO. OHU MpencTas-
JISIOT IIOTEPHU HAa TPEHUE B CUCTEME.

*Kombunuposanuvie yovimku: 3TU yOBITKHA BKIIIOYAIOT BCE OCTaBIIUECS CpOKH. OOBIYHO CyM-
MapHbI€ MOTEPU HE3HAUYUTEIIBHBI [0 OTHOIIEHHUIO K PE3UCTHUBHBIM U JEMITQUPYIOIIUM ITOTEPSIM.
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UeMm BblIIlIe KPYTALINII MOMEHT, TEM BBIIIE TOK, TEM BBIILIE PE3UCTUBHbIE MOTEPH. UeM Bl
CKOPOCTh, TEM BHIIIIE TOTEPHU HA eMII(UPOBAHHUE.

[Tockonbky OOBIYHO KOA(PPHUIIMEHT BS3KOTO IEeMII(PUPOBAHMS JBUTATENI HE YKa3bIBACTCS
MIPOU3BOIUTENIEM, OOBIYHO UCTIONB3YETCS CIEIYIONIee MPUOINKEHIE, OCHOBAHHOE HA TOKE XOJI0-
CTOro xo/a M ckopoctu xojoctoro xona KIIJI nBurarens MOXHO HaWTH, pa3feiauB MEXaHHYE-
CKYIO BBIXOJHYIO MOIIHOCTh JBUTATEINsl Ha MOTPEONIIEMYIO SJICKTPUYECKYI0 MOIIHOCTH, WU
HAao0OpOT, B 3aBHCHUMOCTH OT HaIlpaBJIeHHUs MOTOkKa MoiHocTu. Korma Harpys3ka mpUBOIUT B
JBUKCHHE JBUTATENb, MEXaHUYECKasT MOIIHOCTh OYJET OOJIbINe, YEM AIEKTPUUIECKasi MOIIHOCTH;
KOr'Jla IBUraTeslb IPUBOANUT B JABM)KEHUE HArpy3Ky, BepHO oOpaTHoe. CienoBaTeNnbHO, B 3aBUCH-
MOCTH OT HallpaBJiEHUs TMOTOKA MOIIHOCTH YUCIUTENb W 3HAMEHATENIb MEHSIOTCS MECTaMu B
YpaBHEHUHU, YTOOBI MOJIYYUTh 3HaUeHUE 3P(HEKTUBHOCTH OT eIUHUIIBI 10 HyIs. OJIHAKO Jaxe ec-
JIM Harpy3Ka MPUBOAWT B JIBIXKEHHUE JIBUTATEllb, 3TO HE 005S3aTENbHO 03HAYAET, YTO JIEKTPUYC-
CKas dHEprusi MoKeT ObITh BOCCTaHOBJEHA. [10CKOJIbKY B 3TOM cilydae 3HEprus MO-MpeKHEMY
nOTPeOIIIeTCs OT UCTOYHUKA MUTAHUS JaKe IPU TOPMOKCHHUH JBUTATEIS, ISl ATON 001acT ObLI
Ha3HadeH HyJeBor HoMuHANBHBIN KII/l. PaGoune oGnacTi, B KOTOPBIX IBUTATEb MPUBOIUTCS B
JIECTBUE HArpPy3KOM, U DHEPIUsl pEreHEepUpyeTcs, T.€. BTOPOU Cilydail, OTpaHUYEHB] YCIOBUAMU
skcruryaTaruu. OO0 3TOM CBUICTENBCTBYET KapTa, mokasbiBaromias KIIJ[ neurarens B ycTtaHo-
BUBIIIEMCSI PeKUME KaK (PYHKIIMIO CKOPOCTH U KPYTAIIETO MOMEHTa BO BCEX YETHIPEX KBaJpaH-
Tax pabotel (puc. 2). KBaapantel 0003HA4arOTCS PUMCKUMHU YHCIaMU. BTOpol m 4eTBepTHIN
KBaJIpaHT (MIPUBOTHOM JBUTATENh HATPY3KU) COAEpIKAT 1Mo ABe obnactu ¢ HyneBbiM KI1J] (TemHo-
CUHHE), B KOTOPBIX OTpHUIIATEIbHAs YHEPTHsl, HCXOAAIIAsl OT HArPY3KH, OJTHOCTHIO PacCEUBACTCS
B nBurarene. O0nacTb HU3KOW CKOPOCTU ¢ HyJeBOu 3ddexTuBHOCTHIO, orpanndeHHas U=0 u
0=0, campriii 6onpmioit. Bropas o0nacTs HyJeBOH 3(PGEKTHBHOCTH, KOTOPas HAXOAUTCS MEXKITY
[=0 nmuHUS ¥ OCh CKOPOCTH €/Ba 3aMETHBI, IOTOMY YTO 00€ JIMHUU TIOYTH COBIAIAOT.

KI1J{ JIBUTATEJIA

'i =800 =5000 =4 000 =2000 ] 2000 4000 &000 2000
CKOPOCTb MOTOPA P}

Pucynok 2 — I'padux xontypa KI1J[ nBurarens mis qsurarens

Ecnu nocmotpeTs Ha nepBblil KBagpaHT, To HauMeHblnil KII/l umeer MecTo Ha HU3KOM CKO-
POCTH C BBICOKHUM KPYTSIIUM MOMEHTOM. BTopas o6nacTh HU3KOH 3((HEKTUBHOCTH MOXKET OBITh
oOHapy>KeHa MPH BBICOKHX CKOPOCTSAX U HU3KUX KPYTALIMX MOMEHTAX, HO MajgeHue 3P HEKTUBHO-
CTH HE TaK 3aMETHO, KaK B paHee YIOMSHYTOM 00JacTH. DTO yKa3bIBaeT Ha TO, YTO PE3UCTUBHBIE
MOTEPU, KOTOPBIE 3aBUCAT OT KPYTSILIEro MOMEHTa, Mpeo0IafaroT Haja AeMII(pUPYIONMMH MOTe-
PSIMH, KOTOpBIE 3aBUCST OT CKOPOCTH. Kak moka3pIBaeT OmbIT, OOJBLIIMHCTBO ABUraTeneil J0CTH-
ratoT MmakcumanbHoro KIIJl npumepno npu 10-20 % kpyTsmero MomMeHTa npu ocTaHoBke u 90
% CKOpPOCTH XOJIOCTOTO X0/a. JTa TOUKa MaKCUMaIbHOHN 3()()EeKTUBHOCTH JOCTUTAeTCsl Ha Oojee
HU3KOH CKOPOCTH, KOT/Ia YMEHBIIACTCS KPYTALIMA MOMEHT. PoOOTH3MpOBaHHBIE TPUIIOKEHUS,
KOTOpbIE pabOTaOT ¢ NEPEMEHHON CKOPOCTbIO M KPYTSIIUM MOMEHTOM, 4acTO B HECKOJIBKHUX
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KBaJpaHTax, OOBIYHO HE BCErja padOTalOT B 30HE MAaKCUMaIbHON A(()EKTUBHOCTH, HO TaKKE
MPOXOJAT Yepe3 30HbI C HU3KOU APPEKTUBHOCTHIO

JIBuratenu TOCTOSIHHOIO TOKa OOBIYHO NPUBOIATCS B JCHCTBHE CXE€MaMU IIUPOTHO-
umnynscHor Momymsiuu (ILIMM) ¢ BBICOKMMH 4YacTOTaMU TMEPEeKIIOYeHUs. TabmuIbl JaHHBIX
OOBIYHO HE COZEPHKAT JTOCTATOYHBIX JAHHBIX Ui BOCCTAHOBJICHHUS CJIOXHON TUHAMUKH, U TIO-
ATOMY MBI He OyJieM IBITaThCS BBIUUCIATH HalpsbkeHue u Tok Ha Bxoze LM, T.e. Ha BbIxOae
MCTOYHUKA MUTaHusl. BMecTo 3TOro Mel paccuntaeM MOTpebIsieMyr0 MOLTHOCTh HANPSMYIO, HC-
nonb3yst KIIJ] cxembl nmpuBoia. DTO CBOWCTBO, KOTOpPOE HE paccMaTpUBaeTcs OOJIBIIMHCTBOM
aBTOPOB, MO’KHO HalTH B TaOJIMLIaX TaHHBIX MPOU3BOAUTENCH.

DHepronoTpebieHre MPUBOJIA MOJEIUPYETCs KaK MHTETpajl MOILIHOCTH, MOTpeOiasieMol oT
ucrounuka nutanust E = [ P dt ¢ UHTepBAIOM MHTETPUPOBAHHSI, OXBATHIBAIOIIAM BCKO TIPOJIOJI-
KUTEIBHOCTh JIBUKEHUS. B O0onbIIMHCTBE padoT MmpeanoaaraeTes, 4To A1l MOTJIOUICHNUs MOIITHO-
CTH TpeOyeTcsl CTOJBKO K€ HEPTUU OT UCTOUYHMKA MUTAHMS, CKOJIBKO U JUIsl 00ecriedeH sl MOIIl-
HocTU. OYEBUAHBIN HETOCTATOK YPaBHEHHsI COCTOUT B TOM, UYTO C (PU3NYECKON TOUKHU 3PEHHUS 3TO
HE UMeeT OOJIBIIOro CMBICTa. DTO O3HAYasI0 Obl, YTO ABUraTellb U CXeMa MPUBOJIA MOTYYaroT MH-
TaHUE Kak OT OaTapeu, Tak U OT Harpy3KH, U HET HUKAKOTO MYyTH AJIs MOJIYUYEHHs] STOW SHEPIUH,
KpOME PacCesiHUS B €€ KOMIIOHEHTaXx.

Ecin KOHTpoJuIep HE UMEET OTAEIBbHOTO0 UCTOYHUKA MUTAHUS Ul 3JIEKTPOHUKH, 3TU NTOTEPU
TaKKe HeoOXOauMO /100aBUTh K MOIIHOCTH, MOTpebisieMod OT ucTouyHMKa. [IpomsBoaurenu
OOBIYHO YHNOMMHAIOT B CBOUX TaONMMIAX JAAHHBIX MOTpeOJeHHE TOKA B PEKUME O0XKHMIAHUS WU
XOJIOCTOTO X0J1a, KOTOPOE, YMHOKEHHOE Ha HAINpSKEHWE UCTOYHHKA, JAET OLEHKY MOIIHOCTH,
noTpeOIsieMoil AMeKTpoHUKO. s HeOOMbIINX 4-KBaJpaHTHBIX KOHTPOJIJIEPOB MOIIHOCTHIO /10
50 BT 3TOT TOK XO0JIOCTOTO X0/a OOBIYHO COCTaBisieT 0K0i0o 50 MA, 4TO B ciydae MCTOYHHKA
HanpsbkeHus 30 B monpasyMeBaeT HenpepblBHYIO notepto He meHee 1,5 Bt. OueBugHO, yTO 3Ta
noreps naryoHo ckas3bIBaeTcs Ha o01eil 3¢ (h)eKTHBHOCTH CUCTEM Majoi MOIIHOCTH.

B poboToTexHHKE NCIIOJHUTENBHBIE MEXaHU3Mbl OOBIUHO PabOTAIOT BO BCEX YETHIPEX KBaJ-
paHTax ¢ MEPEMEHHBIMU Harpy3KaMH U CKOPOCTIMU. JIMHAMUYECKUH XapaKTep 3TUX 3aJad Bile-
4eT 3a co0O0if MHOXECTBO CJIOXHOCTEH MpH pacuere sHepromnoTpebnenus. B pamkax moknana
PaccMOTpPEHBI Pa3IMYHbIE MEXAHU3Mbl NIOTEPh B MPOCTOM IPHUBOJE, COCTOSILEM U3 JABUTATENSA
MOCTOSTHHOTO TOKa U KOpoOku nepeaad. Ocoboe BHUMaHUE yAEIEeHO AMHAMUYECKUM acleKTaM U
3aBUCUMOCTH MOTEPh OT HArpy3Ku U CKOpocTH. Ha 0OCHOBE MpOBEIEHHOIO MOJIETUPOBAHUS U U3-
MEpPEHUI MOXXHO COCTAaBUTh HA0Op PEKOMEHIAUMH MO MOJCTUPOBAHHMIO MPHBOJA U PACUETY
SHEPTrONOTPEOICHUS:

* MOTJIOIIEHUE OTPHUIATETIFHOM MOIIHOCTH HE MOTPEOIIsAeT YHEPTHH OT UCTOYHHUKA MUTAHUS.
B 3aBucuMOCTH OT TMIIAa CXEMBI IIPUBOJA OTPULATENIbHAS MOIIHOCTh MCIOJB3YETCS Ul MOA3a-
PSAAKY UCTOYHMKA MMUTAHUS WIM PACCEUBAETCS B TOPMO3HBIX PE3UCTOPAX;

* B OOJIBIIMHCTBE TUHAMHYECKHUX MPUJIOKEHUN Helb3sl MpeHeOperaTh HHEPLUEN IBUraTens u
KOpOOKU mepead, 0COOEHHO KOT/ia IIECTEPHU JAIOT CYLIECTBEHHOE TTOHMKECHHE,

» ananraiusa KIIJ[ peagykropa K MOTOKY MOUIHOCTH YBEIWYUBACT CI0KHOCTH BBIYMCIICHUH,
HO 3HAYUTENIbHO MOBBIIIAET TOYHOCTh Mojenu. bojee mompoOGHas Moaens KOpoOKM meperad,
crocoOHast MPeJCTaBUTh 3aBUCUMOCTh MOTEPh OT HATPY3KH M CKOPOCTH, TAK)KE MOXKET OKa3aThCs
M0JIE3HON, OCOOCHHO B KOHCTPYKIHMSX C HU3KUM KPYTSIIUM MOMEHTOM;

* MOJENb JIBUraTeNs, 3aBUCAILAs OT CKOPOCTH M HAarpy3KH, MOKET OlleHUTh cHIkeHue KII/]
JIBUTaTENs B CIy4ae HU3KUX KPYTAIIMX MOMEHTOB U CKOPOCTEH. DTO OUYEHb BAXKHO ISl ONTUMU-
3aluu YHEProdPPeKTUBHOCTH, KOTOpasi OyJeT MbITaTbCs HANPaBUTh paboure TOUYKU MMEHHO B
9TH 00J1acTH;

* B Ccllyyasx ¢ HU3KUM SHEPronorpeOjeHHeM TOK, HEOOXOAMMBIN ISl MUTaHUS MPUBOIHOU
AIIEKTPOHHUKH, MOKET BHOCUTh OCHOBHOM BKJIaJ] B OOIIYI0 TOTPEOISIEMYIO MOLITHOCTS;

* BBEJICHUE JIeMII(PUPYIOIETO YiIeHa MOXKET 3HAYUTEIbHO YIYUIIUTh KAYeCTBO MOJIENIH, OCO-
OCHHO JI CITy4aeB C BHICOKUMH CKOPOCTSIMU U HU3KUMH KPYTAUIMMH MOMeHTaMu. C TOUKH 3pe-
HUS AU3aifHa 3TO MOAYEPKUBAET BAXKHOCTh KOHCTPYKIIMH ¢ HU3KUM KO3(DPHUIIMEHTOM TpeHUsI.

* coriacue MeX.Jy CMOJICTMPOBAHHBIM U (DAKTHUECKUM MOTPEOICHUEM SHEPTUU TAKXKE CUIIBHO
3aBHCHT OT TOT'0, HACKOJIBKO XOPOILIO KOHTPOJUIEP MOKET OTCIIEKNUBATH XKEIAEMYIO TPACKTOPHIO.
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I'eomeTpuyeckoe Mo/IeIMPOBAHIE MOBEPXHOCTH MOABOAHOI0 00 beKTA
B SolidWorks Ha npumepe ruapoouonToB Salmonidae

Annomayus. TIpUBOIUTCS MOCIEAOBATEILHOCTh MIOCTPOCHUSI BUPTYATbHON MOJEIH MOBEPX-
HOCTH mojiBoHOTO anmnapara B SolidWorks Ha npumepe runpobuontoB Salmonidae.
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Geometric modeling of the surface of an underwater object in SolidWorks
on the example of Salmonidae hydrobionts

Abstract. The paper presents the sequence of constructing a virtual model of the surface of an
underwater vehicle in SolidWorks using the example of Sa/monidae hydrobionts.

Keywords: underwater vehicle, underwater vehicle surface model, bionic underwater vehicle.

OcBoenue pecypcoB MHUpPOBOT0O OKeaHa CBA3aHO C CO3/1aHUEM HEOOMTAEMBbIX MOABOIHBIX all-
napatoB. OTHUM W3 BaXHEHIIMX (DAKTOPOB MX CO3/aHUS SBISAETCS UX HHEProd3(pPeKTUBHOCTS.
OnuH U3 myTel JOCTHKEHUS SHEProdMPEeKTUBHOCTH — CO3aHUE OMOIIOAO0HBIX aImapaToB.

[Ipennonaranock, 9T0 Hapy>KHas TTOBEPXHOCTh OMBITHOTO 00pa3ia 0OBEKTa MOAETH THAPO-
OMoHTa OyJleT BBINOJHEHA M3 pe3uHbl. bbll Ha3HaueH MaTepual: MJIACTUHBI PE3UHOBBIE MAapKH
TKMII, 2-ro knacca, Buna @, tuna I, crenenu tBEpaoctu — C, TONMLUHON 4 MM C TpeIeTbHBIMU
oTrkioHeHussMu Ha pasmep = 0,40 mm mo ['OCTy 7338-90. OGo3nauenue: Ilnactuna 1O-I-
TKMII-C-4 TOCT 7338-90.

[[naBHUKM — TapHBIC: TPYJHBIC, OPIOIIHBIC; OJMHAPHBIC: CIMHHOM, aHAJIbHBIM, KUPOBOU,
XBOCTOBOI — OyyT BbINoJIHEHbI U3 Iutactuka PLA na 3D-npuntepe.

Ha crone 3D-npuHTepa — no yMolYaHUIO — JE€Tajlb HAUMHAET II€YaTaThCs C MOBEPXHOCTH,
HaxoJsIIelcs Ha cToule, T.€. ¢ Buaa «Ceepxy». Buny «Csepxy» Ha 3D-npuHTEpE COOTBETCTBYET
Buj «Crepenu» nporpammsl «SolidWorksy. [Toatomy npodunsHyto noBepxHocts Salmo salar L.
1eJ1eCO00pa3HO YEPTUTH B IIIOCKOCTH «Criepean».

bbu1o pUHATO pelieHue CTpOUTh AaHHBIN 00BEKT Mo ceueHussM. CHavana OblT CO37]aH ICKU3
BO (hpoHTanbHON TUTOCKOCTH. LI[ENKHYB MpaBoii KHOMKON MBIIIN HAa HYXHYIO TUIOCKOCTh B «/le-
peBe KoHCTpyupoBaHus», win «FeatureManager» (I1anens cieBa), ObUT MOATBEPKIEH BBIOOpP. B
cTpoke «MeHI0 nporpaMMbl» Bo BKJIazake «BcraBka» BbiOpann «O0bekT». [locne yctaHOBKM Ha
T10JI€ BCTABJIEHHOTI'O N300pa’keHMs ¥ BBIICPKUBAHUS €T0 MPONOPLUIl 00BN 3CKU3 NPohUIbHON
noBepxHocTu Salmo salar L. ¢ momMoIpio 371eMEHTOB ACKH3a, PACIIOJIOKEHHBIX BO BKIIAIKE «IC-
kn3» B aucrerdepe komaHa «CommandManagery. TpaekTopusi 3cKu3a IMOJydeHa MperMylie-
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CTBEHHO CIUIAaHOM (KpHUBOM, TaK Ha3bIBAEMOUN «THOKUM JIEKaIOM»). Y JaIUIu OOBEKT — BCTaB-
JIeHHOE M300pakeHue, HajkaB Ha HEero ABaXKIbl U BbiOpaB kiaBuiny «Delete». [Tomyuennsrii «9c-
KU3 1» BpEMEHHO «BBICBEUMBAEM», T.€. JI€Ja€M BHAMMBIM; Ajig 3Toro B «FeatureManager»
HaxuMaeM Ha «Icku3 1» u BeiOMpaeMm «OToOpa3uTh». DTO NelCcTBHE HEOOXOIUMO BBITOTHUTH
JUISL JATbHEUIINX MOCTPOCHHUI.
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Pucynox 2 — [omy4uernsit «Icku3 1»

HaunnaeM mocTpoeHHE IUIOCKOCTEH MOMEPEUHbIX MMOBEPXHOCTEH THUIPOOHMOHTA, PACIOJIO-
JKEHHBIX MapaienbHo miockoctu «CrpaBay. st 3TOro u3MepsieM pacCTOSHHS OT IUIOCKOCTH
«CrnpaBa» 10 TOYEK MEpeceyeHusi, MOCTPOCHHBIX B «Icku3e 1». B mucneruepe komang «Com-
mandManager» BrIOHpaeM BO BKIAJAKE «DJIEMEHTBD BKIAAKy — «CrpaBouHasi TEOMETPUS»: dIie-
MeHT — «IllmockocThy»; cMmelaeM mIockocTh «CripaBay Ha 3aJaHHOE PacCTOSHUE.

B MOJIYYCHHBIX BCIIOMOTAaTCIBHBIX INNIOCKOCTAX CO34a€M 3CKU3bI: CTPpUM SJUIMIIC, BCPIIMHA
KOTOPOTO COBIAJAET C TOYKOM, HAXOAIICHCS HAa JTUHUU «IcKu3a 1». BBUAy TOro 4Tto BEpXHss U
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HIDKHSISL YaCTH JIOCOCS UMEIOT Pa3InYHOE T€OMETPUUECKOE MOCTPOSHUE U UX BBICOTHI Pa3INYHBbI,
TO SJUTUIICOB B 3CKU3€ OyAeT 2, LEHTP Ka)XJOro 3JUIMICA COBHANACT C OChIO 3cku3a. Haxas Ha
HIDKHUHN 2yutaric, BeioupaeM B «FeatureManager» Bkiaaky «IlapaMeTps» u HampoOTHB KOMAaHIbI
«BcnomorarenbHas TeOMETPH» CTaBUM TaJlouky. Takum oOpa3oM, HIKHHHA 3JUIMIIC TErephb MOo-
CTPOCH OCEBOM JIMHUEH, Ojarojgaps 4eMy OH HE BHECET HUKAKUX M3MEHEHUU MpH JadbHEHIIeM
MOCTPOCHUM BEPXHEH MOJIOBUHBI JIOCOCA MO CEUEHUsIM (T.e. Ipu mnpeodpazoBanuu 2D-monenu B
3D-monens). HukHME 37UIHIICHI MOKHO MOCTPOUTH Cpa3y OTAEIbHO B TEX K€ BCIIOMOTaTEIbHBIX
IUIOCKOCTSIX, YTO UCIIOJB3YIOTCS JJIi IOCTPOCHHUS BEPXHEH 4acTH phIOBL. Y HAac OHHU yxe ObLTH
BBITMIOJTHEHBI, TaK KaK HY>KHO OBLJIO IIEIMKOM BBITSHYTh OCHOBAaHHUE 10 CEYEHHSIM, HO HE MOJy4Hu-
Jock. B manpHeiinieM, BMECTO CO3/1aHUS HIDKHUX AJUITUIICOB «C HYJIS», CAETaeM BUIUMBIMHU 3CKH-
3bI MIOCTPOCHUS] BEPXHUX 3JUIUIICOB (METOJIOM, OMMMCAHHBIM paHee), OTKYAa BBIMOJIHUM IIpeodpa-
30BaHHE OOBEKTOB HIDKHUX »umicoB («CommandManager»/«IIpeobpazoBanne OOBEKTOBY),
MIPOBEJIEM TOPU3OHTAIBHYIO JIMHUIO, COSAUHSIONIYI0O TOUYKHU (3aMBIKAIONIYI0 3CKU3) U MOBTOPUM
noctpoerre «OCHOBaHME TIO CEUEHUSIM», HO YK € C HIKHEH 4acThio. BepxHue 3mumncel Heooxo-
JUMO JIeNaTh 3aMKHYTBIMH, MO3TOMY UYEPTHM TOPU3OHTAIBHYIO JIMHHIO, MPOXOIAIIYI0 uepe3
LEHTp 3Junnca U 60koBble TOUKH (BbIOpath TOuKy, MMHUIO, HaXKaTh kKoMaHay «CoBnaneHue» B
«PropertyManager» — maHemnb cjieBa); €cli JUHUM MePECceKatoT OCh ICKU3a, TO UX MOXKHO OTCEYb
(«CommandManager»/«Otceub 00bekThI»). [Tocnenuuit smmmrc noBépHyT Ha yroia 90° oTHOCH-
TEITLHO OCH ACKH3a (MJIH OCH PBIOHI).

JUise OCTpOEHUsT MOJIENIM BepXHEH YacTH T'MIpoOMOHTa BeIOMpaeM koMauiabl: «Command-
Manager»/«boObIlika/ocHOBaHME 1O ceueHusmM». B manenn «PropertyManager» (cieBa) BeIOHpa-
eM 3apaHee OTOOpaKEHHbIE ICKU3bI — MPOQUIN, HEOOXOIUMBIE Ul CO3/IaHMsI YacTh PHIOBL; TaMm
Ke, B mapamerpax — «O0beIMHUTH CMEKHBIE TPAHI.
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PI/ICYHOK 3 — BrlnoaHeHue MOCTPOCHUMA «OcHOBaHUE I10 CEUCHUSIM

Co3zmaeM ronoBy runpobnonTa. B kadectBe miockocT 3cku3a BoioupaeM «I'panb 1». Ipe-
00pa3oBbIBacM OJIHY TIOJIOBMHY TPaHHU, 3aMbIKaeM 3CKU3 JuHUEH. Bo (poHTAIBHON TpOEKIuu
CO3/1aeM 3CKU3 — 3JeMeHT ciitaiiHa. CoznaeM «boOBIIIKY/OCHOBaHHE TIO TPACKTOPUMY. 3epKalib-
HO OTpa)kalo MOJyYEHHBIE AIEMEHThl OTHOCUTENBHO (POHTAIBHOMN MIIOCKOCTH.
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Pucynok 4 — Dcku3 aiis co3nanusi 00OBIIKI/OCHOBAHUS TI0 TPACKTOPUU

Co3mgaeM OCTpOCHHE HIDKHEH YacTh TUAPOOMOHTA, BRITSTUBAEM dCKU3 «I1o ceueHHsIMY.

«bo0ObIIKOI/0CHOBaHHEM TI0 TpaHuley» coeannseM «I'panb 1» u «I'panb 2».

«IToBEpHyTOlN OOOBIMIKOW» IMOJTyYaeM JJIEMEHT XBOCTOBOM YacTH pbIObI, 3aTeM «boObImi-
KOI/OCHOBaHHEM TI0 CEYCHUSIMY COCTUHSIEM €€ ¢ OCHOBHOM YacThIO THIPOOMOHTA.

§ Mo ceuenmams @

v X

Tpoduan ~
pakHb<1>
Sckn3s3
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Hauansmeie/koneunsie
orpaHMueHUA

’m| ]
[+]

=y

TU KaCakia Kanp aeAAioLLei

Pucynok 5 — IlocTpoeHne XBOCTOBOI YacTh THAPOOHOHTA

Co3maeM 1osiocTh BHyTpH Tena. BpiOupaeM MI0CKOCTH, KOTOPbIE CITYKWIJIN JUIS TIOCTPOCHUS
DIUIHIICA, TIPE0OPa30BhIBAEM ICKU3bI JUIATICOB M MPH MOMOIIH KoMaHAbl «CMeleHne 00bEKTOBY
BO BKJIAJIKE «DCKU3», CMEIIaeM MX Ha 4 MM BHYTpPb TelIa, TOCIIE Yero OTCEKaeM HEHYKHbBIC TUHHH.

[IpeoOpa3oBaHre U CMEIIEHHE TOCICTHETO B IETMOYKE AIUIUICA OCIOKHEHO Te€OMETPHEH Te-
na. Jlns peuieHus: TaHHOW MPOOJIeMbl yAaisieM TOPU3OHTAIBHYIO JIMHUIO, CTPOUM KPYT, IEHTP
KOTOPOTO JIC)KHUT Ha OCH 3CKH3a. YIepKWBas KiIaBHINy KiaBuatypbl «Ctrl», moodepénHo Haxu-
MaeM Ha KpYT U Ha AyTY (OCTaBIIYIOCS YacTh JJUIMIICA), TTOCIE Yero BeioupaeM komanny «Kaca-
TEJBHBI». 3aTeM — TaKUM K€ CITOCOOOM — HA)KMMaeM Ha KpPYT W Ha TOYKY JIyTH, BEIOMpaeM KO-
Mauay «CoBrnagenne». Beibupaem komMaHay «3epKaibHOE OTPAKECHHUE» U OTPakKaeM KPYyT C ycTa-
HOBJICHHBIMH MTPHUBSI3KAMH OTHOCHTEIBHO BEPTHKAIBHOW OCH 3CKH3a. Y ajsieM 3JIEMEHTHI dCKHU-
3a, CIY>KUBIIUE JJI JAHHOTO MOCTPOEHUS, OTCEYCHHEM — OTIMCAHHBIM BhIIIE criocodoM. Ormpere-
JISIeM ACKU3 TIPOCTaHOBKOW HEOOXOIMMBIX Pa3MEpPOB JUISl TOTO, YTOOBI ICKU3 HE CIABUTAJICS.

[Tocne »Toro BeIOMpaeM KoMaHay «Bbeipe3 Mo cedeHHUsIM», TTOATATHO COCTUHSIEM MEXKIY CO-
001 3TH 3cKu3bl. [lomyyaeM mMoIOCTh BHYTPH O0BEKTA.

st Toro 94ToObl OOBEKT HAXOAWJICS TIOJ BOJOW, Ha TyOWHE, HEOOXOAMMO CMECTHTH €Tro
HEHTP TsbKecTH BHU3. HaueptuMm u BeIpeskeM «I10BEPHYTHIM BBIPE30M» OTBEPCTHE, BBIXOJSINEE
CHH3Y HaCKBO3b.
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Pucynok 7 — Monens ocHOBaHUsI THAPOOHOHTA (IPOIOIILHBIN pa3pe3)

[MnaBHUKY MOJTyYEHBI MyTEM COXPAaHEHUs OTACTbHBIX YacTel «Icku3a 1» ruapodbuoHTa ¢ mno-
CJICYIOIINM BBITATHBaHUEM — «BbBITsHYTass 600BIIIKa/OCHOBaHME» Ha TIOJOBUHY OOIIECH TOJIIIN-
HBI U3JIEJIHS B 00€ CTOPOHBI.

Coznmanne coopku Salmo salar LINNAEUS. BeraBka KOMIIOHEHTa — OCHOBAHHMS TeJIa JIOCOCS.
B «JlepeBe xkoHcTpyupoBanus» («FeatureManagery) HaxkuMaeM Ha M300pakeHHE JeTalu, Ipa-
BOM KHOMKOW MbIIM BbIOMpaeMm kKomaHay «PacdukcupoBarhy. CompsaraeM IIOCKOCTh COOPKH
«CrnpaBa» ¢ miockocTbio «DpoHTanbHas» AeTalin; IOCKOCTU «CBEpXy»; MIOCKOCTh «DpoH-
TanbHasH» cOOpPKH C MIIOCKOCThIO «CrpaBa» aetanu. Jletaab OTHOCUTENIBHO COOPKHU MOJIHOCTHIO
onpeneneHa. IIpy nmomonu komaHael « BCTaBUTH KOMIIOHEHTBD», PACIIOJI0KEHHOU B JIHUCIIETYEPE
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koMaH] («CommandManager»), 1o6aBisieM B 10JI€ MOACTUPOBaHUS MIaBHUKH. CTaBUM TIJIaBHU-
KU TPUOM3UTENFHO B MECTa MX HaXOXKIEHUsS B «ICKu3e 1» neTanu ocHOBaHHs THIpOOHOHTa. B
netanu «OcHOBaHME TUAPOOUOHTA» 1O HEOOXOIUMOCTH CO3J]a€M BCIIOMOTaTeNbHbIE OCH ISl TI0-
CTPOEHUS 3CKH3a; nenaeM «BBITSHYThIA BbIpe3». CompsraeM COBMNAJACHUE OCH TUIABHHUKA C OCHIO
OTBEpCTUSl B OCHOBaHUU 00BeKTa. JlocTpanBamM 3JI€MEHTHI IUIABHUKOB, CIIy)KalllUe OMOpamMH U
BCTaBsieMble B OTBepcTHs Aetanu «OcHOBaHUs TUAPOOHWOHTa». OmpenensieM C TOMOIIBIO
«YCIIOBHI COTPSDKEHUNM» OCTaibHBbIC yacTu m3aenus — «CoBmazeHue» OOKOBOW OIOPHOW IO-
BEPXHOCTH TIJIABHHUKA ¢ OOKOBOW MOBEPXHOCTHIO, PEOPOM MIIM TOYKOM IIEMEHTa OTBEPCTHSI OC-
HoBaHus; «KacarenbHblit» pebpa WM TOYKM TUIAaBHHKA K MOBEPXHOCTH OCHOBaHUS; «Paccros-
HUE» MEXIy TPaHbIO WM TOYKOH TJIABHUKA U TPAHBIO TIIyXOTrO OTBEPCTHSI.
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Pucynok 14 — 3D-mozens ruapoduonTa Salmo salar LINNAEUS B cbope
(mpo3pauHoe oToOpakeHHe COOPKN)

CuntaeM HEOOXOIMMBIM MOTYCPKHYTh, YTO ISl TTOTYUSHHST MOJIEIN TTOJABOAHOTO OOBEKTa —
ruapobuonTa Salmonidae myTéM 3aTMBKY TIOTUYpETaHa B mpecc-PopMy, HEOOXOUMO yBEITHIUTh

MOJIEJIb OCHOBaHUSI 00BEKTa HA BEIMYMHY YCaJKH MaTepuana. [Ipw 3ToM moiydeHHas MOJAETh
TUIpOOHOHTA B cOope OyAeT OTIINYAThCs OT TOTOBOTO U3/IEINNS, a CONPSDKEHUs Oy IyT HapyIICHBI.

[IpencraBieHHBIH aNTOPUTM MOCTPOCHHUS T'€OMETPUN MOBEPXHOCTH OMOIMOJOOHOTO MOABOJI-

HOTO armapara sBISETCS MEePBHIM IIAaroM B CO3JaHUU JIEUCTBYIOMIEH MOJAENTH phIOONOTI00HOTO
MOJIBOJHOIO armapara.
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AanTHUBHAasA cMCTeMa yNpaBJieHUs THEBMONPUBO/IOM TPYOONIPOBOHOW apMAaTypbl

Annomayus: PaccmarpuBaercss pa3paboTKa yCOBEPIICHCTBOBAHHON CHUCTEMBI YIIPaBICHHS
TpyOOnpoBogHON apMaTypoil. OmHMcaHO yCTPOWCTBO PETyIMpPYIOMIETo KialaHa ¢ MHEBMO-
IPUBOJIOM, a TAKXKE PACCMOTPEHBI IPUHLUIBI €ro padoThl. OriamieHa KOHIENIUs HHTEIIeK-
TYaJbHOTO YIPABIISIONIETO yCTPOHCTBA, OOECTIEYMBAIONIETO ABTOMATHYECKYIO0 HACTPOWKY
IIapaMeTpOB 3aKOHA YNPAaBJICHUS B COOTBETCTBUU C KaXKIBIM KOHKPETHBIM IIPUBOJIOM U PETY-
aupyromuM KiarnaHoM. [IpoexkTupyemas cuctema ympaBieHHs CIIOCOOHA ajanTUpoBaTh Ma-
paMeTphl 3aKOHa YIIPAaBJICHHS B MPOLIECCE HKCIUTyaTaluu IJIsl KOMIICHCALIMK BIIUSHUS U3MeE-
HSIOILMUXCS YCJIIOBUM DKCIUTyaTallUu.

Kniouesvie cnosa: TpyOOIpOBOJIHAs apMaTypa, MHEBMOIPHUBOJ, IO3UIHOHEpP, CUCTEMA
yIpaBJIeHUs: ¢ 00paTHOW CBA3BIO, MHTEIJICKTYalbHAsl JUArHOCTHUKA, MOHUTOPUHT, OOHapyXe-
HUE OTKA30B.

Alexey D. Kondratenko

Far Eastern State Technical Fisheries University, Cadet, Russia, Vladivostok, e-mail:
kondratenkoaleshka@gmail.com

Scientific adviser — Sergey V. Kulichkov, PhD, Associate Professor

Adaptive control system for pipeline valve pneumatic actuator

Abstract. The paper deals with development of advanced control system for pipeline valve.
Control valve device with pneumatic actuator as well as examination of its operation princi-
ples are described. The concept of smart control device to provide automatic setting of con-
trol law parameters according to each specific actuator and control valve is suggested. Con-
trol system to be designed is able to adapt control law parameters during operation to com-
pensate influence of changing operation conditions.

Keywords: pipeline valve, pneumatic actuator, positioner, feedback control system, hierar-
chic, adaptation, monitoring, failure detection.

Paszputue u COBCPHICHCTBOBAHUC CUCTEM YIIPABJICHUA TCXHOJOTMYCCKUMHU IIPOUCCCAMU TPY-

OONpPOBOAOB NMPUBOJUT K YJIYUILIEHUIO YIPAaBJICHUS B LEJIOM 32 CUET MPEUMYLIECTB paclpene-
JIEHHOTO YIPAaBJIEHUS. DTU yCOBEPLICHCTBOBAHUS I10KA3aJy OTPaHUYEHHBIE BO3MOYKHOCTHU CH-
CTEMBI YIIPaBJICHHS Pa0OTOH NCTIOTHUTEILHOTO MEXaHU3Ma.

Perynupyromye kinanaHbl, MpUMEHsieMble B TpyOONpOBOAAaX COBPEMEHHBIX YCTaHOBOK,

OOBIYHO MPUBOAATCA B JACHCTBHE MHEBMAaTUUYECKUMHU MPUBOJAMU. Takol MPUBOJA UMEET OIpeie-
JICHHBIH 00beM, pa3/ieNleHHbIN mopIiHeM Wwin MmeMOpanoii 3 (puc. 1). C oxHOM CTOPOHBI, HA MOP-
IIEHb WJIKM MEMOpaHy BO3AEHCTBYET CUIIa, BbI3BAHHAS MEPENaIoM JaBlICHUs B pabOUnX MOJIOCTAX
NpUBOJA, C JPYTOil CTOPOHBI, 3TO BIMSHUE KOMIIEHCUpPYeTCs MpykuHOW. Takum oOpaszom, npu
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YBEJIMUEHUU Mepenaja JaBieHus MOpIIeHb WK MeMOpaHa U COeMHEHHBIN IITOK epeMenatoTCs
JI0 TeX TOp, OKa CHJIA, BBI3BAHHAS MEPeagoM AaBlIeHHs, He OyIeT KOMICHCHPOBAHA MPYKHUHOM.

ACtuator
P--------------------------- -ﬁ
Positioner a==
a—=
B 3
] D e e e e e e e wi l
1 1! vy | ]
1 1 21 |
1 I L - s
r lL ~ 1|u 2 hd ] = 5 y
Controller Air Module & T Roxd Position
y - 4
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. ' M SOuce
--'T-—------—---—-------—--—-‘
' '
: [ |
1 |
| : ‘e
) ® ,o
1 Maedum n tube | |
I | |
: Controlable parameter of medim z i Throttke :

Pucynok 1 — Cxema paboTBl CHCTEMBI YIIpaBJICHHS TPYyOOIPOBOIHBIM KJIANTAHOM: 1 — KOHTPOJIIED;
2 — BO3AYIIHBIN MOAYNb; 3 — MTHEBMONIPUBOA; 4 — ApoccenbHas 3aCI0HKA; 5 — NaTYMK MOJI0KEHNUS;
6 — DaTYMKK NapamMeTpoB; 7 — AOMOJIHUTEIbHbIC JATYMKHA COCTOSHUS IPUBOJIA;
8 — UICTOUHHK [TO/1a4X BO31yXa

Jlns yaep)kaHust JpoccenabHOM 3acioHKU 4 (puc. 1) B MOJ0XKEHUH, HEOOXOIUMOM B COOTBET-
CTBUU C TPEOOBAHUSMHU TEXHOJIOIMUYECKOTO MPOIECCA, UCIOIB3YIOTCS CHEIHalIbHBIE YCTPOIiCTBa
— no3unuoHepsl. [lo3unnonep ynpasiser nojgadeil Bo3ayxa B paboyee MPOCTPAHCTBO IMHEBMO-
IPUBOJA 3 WM BBIIYCKOM BO3/yXa U3 HETO, TEM CaMbIM MPUBOAS APOCCENBbHYIO 3aCJIOHKY B IO-
JIO’)KEHUE B 3aBUCHUMOCTH OT OIIOPHOTO MOJIOXKEHUS T, CHTHAJIa y OT JaT4YMKa IOJOKEHUS 5 IITOKA
IPUBOJA U AJITOPUTMA, 33JAHHOT0 B KOHTPOJUIEpe 0OPaTHOM CBS3U NO3ULIMOHEPA.

B nacrosimee Bpems 3AO «Komnanus POOCT-95» paspaboran nosunuonep OIIII1300 Ha
OCHOBE TEPEKII0YAIOIINX THEBMOKIIAMaHoB (puc. 2) OH crocoOeH padoTaTh ¢ pa3IMYHBIMU TH-
amMH ITHEBMOIIPUBOIOB, o0ecleyrBas aBTOMATHUYECKYI0 HACTPOMKY MapaMeTpoB 3aKOHa yIpaB-
JICHUS 11 K&KIAO0T0 KOHKPETHOTO MpHUBOAA nepea padoroil. Takke ecTh BO3MOXKHOCTD BBIOPATh
OJIMH U3 ILIECTH TUIIOB HEJIMHEHHBIX XapaKTEPUCTUK 3aBHCHUMOCTU MEXIy yCTaBKOH U Tpelye-
MBIM TIOJIO)KEHHEM KJIaraHa, 9TOObl KOMIEHCHPOBATh HEIMHEHHOCTh PACXOIHBIX XapaKTEPUCTHK
JpoccenabHOM 3acioHkU. Kpome Toro, mo3sunuoHep npeagaraeT onpeAeaeHHY0 (YHKLIHUIO IUIOT-
HOTO 3aKpBITHSI U ONIpeAeNICHHbIH paboumii Auana3oH OTKpbITUS KianaHa. KpoMe Toro, mo3umuo-
Hep EPP300 MoxeT 0OMeHHMBATbCs TaHHBIMH MO TMPOTOKOJY LU(PPOBON CBSI3U B COOTBETCTBHH C
pOMBbINUIEHHBIM cTangapTtomM HART.

Kaxk nmoka3zano Ha cTpykTypHoi cxeme puc. 3, nozunronep EPP300 cocToutr u3 tpex mony-
JIEH: 2JIEKTPOHHOIO MOAYJIsl, BO3AYIIHOTO MOMYJIsL U MOAYJIsl OOpPaTHOM CBSI3U.

ONEKTPOHHBIM MOAYJb — 3TO MUKPOIPOLIECCOPHASI CUCTEMA, NTPEAHA3HAUCHHAS I aHAJIn3a
komanp npotokosia HART, curHanoB ynpaBieHus 1 0OpaTHOM CBSI3U, OTOOPaXCHUS U IPUHSATHUS
KJIaBHATYypHOTO yNpaBJIeHUs ee pabOTON MpH BEIpaBHUBAHWU M HOPMAJIbHOW pabore.

Bo3nymHbiii MOgysb COCTOMT M3 JIBYXCTYIEHYATOTO JIBYXKaHAJIbHOIO IpeoOpaszoBatrens U
YCHIIATEISI, OCHAILIEHHOTO 3JIEKTPONME30KIIANIaHOM Ha IEPBOIl CTYIIEHU U THEBMOYCHUJIMTENIEM Ha
BTOPOMU CTYIICHHU.

Monaynabs 00paTHOM CBSI3U MpelHa3HaueH Ul MOAAaYM AJIEKTPUUYECKOr0 CUrHajla, IPOIOpLUO-
HAJIbHOTO TEKYILIEMY IOJIO)KEHHIO CTEpKHSA. OH COCTOMT W3 MOBOPOTHOTO IMOTEHIMOMETPa U
OJIHOCTYIIEHYaTOI'0 PeLyKTOpa.
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Pucynok 2 — Ilozunmonep II1T1300

CKOPOCTH
J k NepeMemeHHA CTePKHA

IIOCTOsIHHaA 30Ha
BBIXJIOIIa IIMITYJIBCHasI 30Ha

(BBIXJIOITHANA)

P, P, P, P

IIOCTOAHHAA 30HA
IIMITYJIBCHAasI 30Ha BIIPBICKa

(IIHBEKLIIS)

r

Mepreaz sona
Pucynok 3 — Anroputm pa6otsl mo3urmonepa D1111300

Ecnu BenuumHa paccornacoBanust 6 (puc. 3) Mana U HaXOAUTCS B IMAna3oHe MEPTBOM 30HBI
no3unnoHepa (pa << p), To K MPUBOJY HE MPUJIATaeTCs HU BIYCK, HU BBIMTYCK BO3ayXa. B ciyuae
00JIBIIIOTO paccorijacoBaHus (6<p WM > p4 — MOJIHAS BIIYCKHAs WM BBITYCKHAs 30Ha) MUKPO-
KOHTpOJUIEp 00ecreunBacT MaKCUMAIbHYIO CKOPOCTh JBHKCHHSI IITOKA B CTOPOHY YMCHBIICHUS
paccoriacoBanus. B apyrux ciydasx mo3uiponep o0ecrneyrBaeT UMITYJIbCHOE YIPABICHHE C KO-
3G PUIMEHTOM 3aMOTHEHNUS, TIPOTTOPIIUOHATBHBIM PACCOTIACOBAHHIO.

PaccmoTpuM meton pacueta kodddunmenta nmouinHel. OHa 3aBUCUT OT paccoriacoBaHus k
M OT TEKYIIEro MOoJIoKeHus1 cTepxkHs P (B mporeHTax ot xoxa crepxkHs): Lap — f(d,Y). 3aBucu-
MOCTh OT PacCOTIacOBaHUs J1aeT MPOMOPLMOHANBHBIN 3aKOH YIIPaBJICHUS, a 3aBUCUMOCTh OT TI0-
JIO)KEHUS TITOKA JOOABIISCTCS KaK MOMpaBKa Ha HEJTMHCHHOCTD YIIPaBIsIeMON YCTAHOBKH, TaK KaK
pacxoj BITyCKa M BBIMMYCKa 3aBUCUT OT JaBIIEHUS BO3/yXa B paboueM MPOCTPAHCTBE U, CIEA0Ba-
TEIBHO, OT TOJIOKEHUS IITOKA.

B pesynbrare mnanupyercs pa3paboTaTh €AMHBIN MO3ULIUOHED, COAEPKAIINI KOHTPOJUIEP C
pacIiMpeHHBIMU (DYHKIIMSIMA aBTOMATHYECKOTO BBHIPABHUBAHMS, aIalITAIIUN U TUATHOCTUKU. DTO
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MO3BOJIUT JAOOUTHCSI HAJIE)KHOTO M KaUECTBEHHOTO YIIPABJICHUS TEXHOJIOTMYECKUMHU MpPOIeccaMu
MIPH CYIIECTBEHHO MEHSIIOIIMXCS YCIOBUAX dKCIUTyaTanuu. HoBbIi MO3UIIMOHEP 00ECTICUUT BaXK-
HYIO ¥ CBOEBPEMEHHYIO IMarHOCTUYECKYI0 HH(POPMAIIHIO O COCTOSIHUU CUCTEMHBIX y3JI0B U arpe-
raToB, YTO TIOMOXKET U30€KaTh HEOKUTAHHBIX OTKA30B CUCTEMBI M CHU3UThH MOTPEOHOCTH B ILIa-
HOBOM TEeXHHYECKOM oOciykuBaHuWU. Ha camoM nerne 3To MHTEIUIeKTyalbHOE MO3ULIUOHUPYIO-
iee YCTPOWCTBO SIBJISETCS OKOHYATEIbHBIM PEIICHHMEM MHOTMX MPOU3BOJICTBEHHBIX 3a/1au.
Hacrosiee yctpoiicTBo He OyAeT HyKIaThCs B BEpXHEM YPOBHE CHCTEMBI YIIPABIICHUS TEXHOJIO-
TUYECKUM MPOIECCOM 3a CUET KACKaJHOI0 PETYJISITOpa, YIPABIISIONIETO HEKOTOPHIM apaMeTpOM
cpelbl. DTO MO3BOJIUT CHU3UTH 3aTPaThl HA Pa3padOTKy U SKCILTyaTallMI0 CUCTEMBI.

Monudukarysi mo3uIOHepa U MPHUBOJA, KOTOpas HE TpeOyeT MoJadyu BHEIIHETO BO3AyXa,
MOIaBa€MOTO CPEION M3 camMoro TPyOHOro KaHaja, SIBISETCS CYIIECTBEHHONW HOBOM Moauduka-
nueil. Takue KiamaHbl COCOOHBI padOTaTh HE TOJBKO C ra3oM, HO U C KHUJAKUMH cpenamu. B
HACTOSIIIEE BpEMsI CYIIECTBYIOT PEryJIsATOPHI JABJICHHS C AHAJIOIMYHONW KOHCTPYKLUEH, OAHAKO
HAaCTPOMKAaMHU 3THX PETYJSITOPOB MOXKHO YIPABISATH TOJIBKO BPYYHYIO, a 3aJaHHOE 3HAUCHUE
HEJb3sl U3MEHUTh JTUCTAaHIIMOHHO. MexXy TeM OnucaHHas BbIIIE KACKaJgHAs CXEMa yIpaBICHUS
MO3BOJIUT KOHTPOJIUPOBATH KaK MOJIOKEHHE APOCCEIBHOM 3aCIIOHKU 3TOro KjamnaHa, Tak U pa3-
JUYHBIE TaPAMETPHI MIOTOKA CPEJIbl, TAKHE, KAK JIaBJIICHUE NEPE] WIM 3a KJIAIaHOM, PacXo[l, TEM-
neparypa u T.1. B To e Bpemsi OH 00ecniequnT moTpeOuTeNs TOCTOBEPHON U CBOCBPEMEHHOM TH-
arHOCTUYECKOW MH(popmaIei o paboTe yCcTpoucTBa.
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Separation of power flows in wind power systems

Abstract. This paper deals with the performance of power split transmissions in wind energy
systems. Through such systems, it is possible to bring significant benefits to the turbine and
the generator. The aim of this paper is to identify the power split configurations that require
the minimum rated power of the regulator system (mechanical CVT or servo mo-
tor/generator), to reduce costs and the power losses.

Keywords: wind energy, power split transmission, CVT, efficiency, variable speed.

[TpeoOpa3oBaHue YHEPTHH BETPa B IEKTPOIHEPTHIO OCOOEHHO MPOOIEMATUYHO M3-3a KOJe-
0aHUll CKOPOCTU BETpa, TaK KaK POTOPBI BETPSHBIX TypOUH JOCTUTAIOT MaKCUMalIbHOU 3¢ dek-
TUBHOCTH TOJIBKO IIPU ONPEIEICHHOM IepEeJaTOYHOM YHUCIIe KOHEUHbIX ckopocTel [1]. BeTpsnbie
TypOUHBI C TOCTOSIHHON CKOPOCTBIO, B KOTOPBIX POTOP COEAMHEH C T€HEpaTopoM ¢ (PUKCHPOBAH-
HBIM TIepeJaTOYHBIM YUCIOM, paboTaroT ¢ oueHb Hu3kuM KIIJI, mosTomy amns moBbiieHUs 3¢-
(EeKTUBHOCTH BETPSIHBIX TYPOUH OOBIYHO MPUMEHSIOTCS CUCTEMBI TIEPEMEHHON CKOPOCTH, YTOOBI
W3MEHATH YTIOBYIO CKOPOCTh POTOpA B COOTBETCTBUH ¢ Mpoduiiem ckopoctu Betpa [1, 2]. B atux
cuctemMax TypOuHa paboTaeT ¢ MpeAeIbHbIM MepeIaTOYHBIM YHCIOM, YTO O0ECTIeUnBaeT €¢ MaK-
cumanbHbIi KITJI.

B nHacrosimiee BpeMs TS MOAKIIOYCHHS BETPSHON TYpPOUHBI K DJIEKTPOTEHEPATOPY UCTIOIB3Y-
eTCsl IepeaTOYHOe yCTPOMCTBO. J{Jisi MalllH MEHBIIIETO pa3Mepa BECh BBIXOJ JOKEH OBITh Ipe-
00pa30BaH C MOMOIIBIO CUIOBOM 3JEKTPOHUKH, YTOOBI 00ECIIEUUTh Pa3BsA3Ky CKOPOCTU TeHepa-
TOpa OT 4acTOThl ceTu [2, 4]. ['eHepaTop OTAENEH OT ceTH Mmpeodpa3oBareneM, pabOTAIOIUM C
TOH K€ HOMHHAJIHHOW MOIIHOCTHIO. B Takoii KoH(pUTYypaluy reHepaTop BpalaeTcs ¢ MepeMeH-
HOW CKOPOCTBIO, TOITOMY BO MHOTHX CIy4asx OH paboraeT B ycnoBusx ¢ Hu3kuM KIIJI. Ha 60-

181



Jiee KPYIHBIX MAIIMHAX 3TO CTAHOBUTCS OYEHBb JIOPOTUM, OITOMY OBLIO PEIIEHO MCIOJIb30BaTh
MHIYKUHUOHHBIN reHepaTop ¢ ABOMHBIM muTaHuem [2, 4]. B 3ToMm ciyyae ckopoCTh poTopa HE
00513aTENIbHO JTOJKHA OBITH CHHXPOHHOM € CEThIO, TOTJa OH MOXET OBITh TOKIIIOUEH HAMPSIMYIO.
DTO JOCTUraeTcs 3a CUeT YIpPaBICHHUS YacTOTOM MAarHUTHOTO MOJsl pOTOpa, TaK YTO OH OOJIbIE
HE SIBJISIETCS IOCTOSIHHBIM TOKOM BO BpAIlAIOILENCsl paMe poTopa.

Pa3paboTka HOBBIX, Oosnee HamEKHBIX M I(PPEKTUBHBIX CHUCTEM BETPSHBIX TYPOWH HMEET
(dyHIaMEeHTaIbHOE 3HAYCHHUE JUUTsl ONTUMU3AIUH PEKYyTIepalluy SHEprun BeTpa [5—7].

B03MOXXHOCTh BKJIIOUEHHUST OECCTYyNEeHYATOW TPAHCMUCCHU MEXKIY BETPSHOW TypOWHOW U
AIIEKTPUYECKUM TeHepaTopoM Oblila uccienoBaHa B pabotax [8, 9]. CymecTByIOT TakKe MEXaHHU-
YeCcKHe BapHaTopbl Ha OCHOBE U(POBOM THIPABIMKH, KOTOPbIE IPUMEHSIOTCS B BETPOIHEPIeTH-
ke [10]. OTo pemieHue naer NpeuMyIlecTBa ¢ TOUKU 3pEHUS PEKYNEpali SHEPIUHu, MOCKOIbKY
TPAaHCMHCCHUS MOKET aBTOMAaTUYECKU MU3MEHATh MEepeAaTOYHOE YHUCIO B COOTBETCTBUH C JIIOOBIM
M3MEHEHUEM CKOPOCTHU BETPA, U CHUIKAET 3aTpaThl, CBA3aHHBIE C IOPOrOCTOSIIEH CUIOBOM 3JIEK-
TPOHUKOM, IOCKOJIBKY T€HEPAaTOP MOKET MPOU3BOAUTH ANEKTPUUECKUN TOK C MOCTOSSHHOM 4acTo-
toil. Oxgnako Bapuatop umeeT Hu3kui KIIJl mo cpaBHeHHIO C cHUCTEMON mepeaayu ¢ PUKCHPO-
BaHHOU nepenayet [9].

TpancMuccuu ¢ pa3aeaeHueEM MOIIHOCTH YacTO MCIOJb3YIOTCS IS YIYUIIEHUs XapaKTepH-
cTuk O6eccrynenuatoit Tpancmuccuu [11, 12]. FIx 6a3oBas cxema BKJIIOYAET B ce0s TUIaHETApHBII
PEAYKTOp W Bapuarop, OyIb TO MEXaHWYECKUM, INMEKTPUICCKUI WM TUApaBIUYecKuil. beccTy-
IeHYaTasi TPAHCMUCCHS C pa3/ieIeHHEM MOIIHOCTH MCCIIEN0BAIACh MHOTUMHU aBTOPaMH, KOTOpPbIE
OCHOBHOE BHMMaHue yaessu 3¢ dexruBHocT [12—-14], sKxcIepuMEeHTaIbHO MTOTBEPKACHHON Ha
ucneITaTenbHOM cTeHae [13—15], pyHKIMOHATBPHOM KOHCTPYKIIMU U OpUTHMHAIBHBIM, Thma [1C-
Bapuatopos [16].

HenaBHO B HEKOTOPBIX CTAaThAX OBUIO MPEIJIOKEHO COEIUHSATH POTOP BETPSHOW TypOUHBI C
reHEpaTOpOM 4epe3 IMIAPOCTaTUYECKYI0 TPAHCMUCCHUIO € pasjieneHueM MouHoctd [17, 18], uto-
OBl MaKCUMH3UPOBaTh A(HPEKTUBHOCTH TYpOUHBL. B npyrux mpeapimynux crathsix [19-23] ru-
OpuIHBIE TPAHCMUCCUH OBUIN MPEJIOKEHBI ISl BETPSIHBIX TYPOUH C PETYIHPYEMOM CKOPOCTHIO,
B KOTOPBIX TPAHCMUCCHUHU COCTOAT U3 OJHOM IJIAHETAPHOW MEepeaadu, yIpaBisieMoil CepBOIPUBO-
JIOM MOTOPOM.

3nech onMchIBaeTCs KOHQUrypalus paszaeseHus BeiBoja. [lnmanerapuas nepenava pazmenia-
eTcs HUXKE IO MOTOKY OT BETPSIHOM TypOMHBI, a BapHaTop — MEXIy IUIaHETapHOH mepenavend u
BETpsIHOM TypOuHOU (puc. 1). BHyTpeHHSS MUPKYISAIUS MOIIHOCTA TPAHCMHUCCUU DPa3CICHUS
BBIBOJIa COOTBETCTBYET KilaccuduKkanuu, nanaoi Mantriota [13], u u3o0pakena Ha puc. 1.

Pucynok 1 — Kondurypanust pasaeneHus BHIX0Oa: a — MOTOK MOITHOCTH THIIA [; 6 — TOTOK MOIITHOCTH
II Tima; B — moTok momHocTH 111 THITa

bbI10 MOKa3aHo, 4TO B CHUCTEME NEPENAYN BO3ZHUKAIOT TPU BO3MOXKHBIX ITOTOKA MOIIHOCTH:
tun | u II, xapakrepusyromuiicss COOTBETCTBEHHO MPSIMON M 0OpaTHOW pEeLUPKYJIALIHUEH MOITHO-
cty, ¥ tan 1, B KOTOpOM MOITHOCTH pa3zeiseTcs Ha JBE BETBU U PELMPKYJALHS HE MPOUCXO-
qut. Mantriota [13] 6bUT0 MOKa3aHO, YTO MOTOK MOIIHOCTH THma II mosBiseTcs TONBKO B TOM
clly4ae, €CIIi Uana3oH MepelaTOYHOro YHCiIa BapuaTopa MeHsble riodansHoro. Kak mpasuio, B
BETPOPHEPreTUUECKUX CHCTEMaX peryiiarop (MeXaHW4eCKUH BapuaTop WJIH CEpBOJBUIA-
TEJIb/TEHEePaToOp) UMEET OONBIINIA TUara30H MepeIaTOYHBIX YMCET 10 CPAaBHEHHIO C TII00AIBHBIM,
MO3TOMY B 3TOH paboTe OyayT paccMaTpuBaThCs TOIBKO NOTOKM MoIHOCTH Thna I u tuna III.
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Kak npaBuio, CymecTByIOT TpU OCHOBHBIX pabounX perroHa AJisi BETPSIHBIX TYpOUH C pery-
aupyemoii ckopocTbio [1, 25]. Ha puc. 2 mokazaHa 3aBUCHMOCTh MOIIIHOCTH TypOUHBI OT CKOPO-
ctu Betpa (V) (T.e. KprBas MOIIHOCTH) BMeCTe C pabOUYMMHU OOJIACTSIMHU BETPSIHON TYpOHUHBI C
perynupyemon ckopoctbio. O6macte 1 — 3T0 00J1acTh ¢ HU3KOW CKOPOCTHIO BETpa, B KOTOPOU
TypOWHA HE NMPOU3BOJANUT HUKAKOH YHEPTUH, POTOP BCE €IIe CTOWT, a TypOMHA OTKJIIOYEHA OT Ce-
. PoTop Bpamaercs 1o moporoBoro 3HaueHus Vg, U TypOMHA Tiepemeniaercs B 00acTp 2.
Bropas o6nacts — 310 00:1aCTh MEXIY CKOPOCTBIO BETpa, IPU KOTOPOH TypOrHA HAYMHAET pabo-
tath (Vs ), 1 CKOPOCTBIO BETPA, IPU KOTOPOH MakCHUMallbHas MOIIHOCTh (HOMHHAJIbHAsI MOILI-
HOCTb TypOuHbL: Prg ) (Vi g, HOMUHAIIbHAS CKOPOCTH BETPA).

Cuna TypOHHEI

R

Obnacts 1 Obnacts 3

CKOpPOCTE OTKIIFOYCHMA

L cccccccnccccccccccnncccccccccnnnnay

<
&

VWR CropocTts BeTpa
Pucynok 2 — TurioBasi MOIIIHOCTH TypOMHBI.

OcHOBHas 1Ie7b YMpaBlICHUS MPU paboTe B palioHE 2 — MaKCUMaJIbHOE BOCCTAHOBJICHHE
SHepruu Berpa. JJjig 3TOro CKOpocTh poTopa BETPSAHON TypOUHBI PETYJIUPYETCS TAKUM 00pa3zom,
yTOOBI XapaKTepucTUIeCKuii KO3 dunneHT MontHOCTH (Cp) OBLIT MAaKCUMAJTbHBIM.

O06J1acTh 3 OTHOCHUTCS K COCTOSTHUIO, KOTIa TYpOMHA paboTaeT MpH BBICOKOH CKOPOCTH BETpa,
a BBIXOJIHAsI MOIIHOCTb MOJJIEPKUBAETCA MOCTOSHHOW HAa MAaKCUMAaJbHOM YPOBHE, HE3aBHUCHUMO
OT CKOpocTH Betpa [1, 25]. MakcuManbHas MOIIHOCTh BapuaTopa (HOMUHAJIbHAS MOIIHOCTH Ba-
puaTtopa) coctapisieT Juiib 0kosio 10 % OT MakcuManbHON BXOAHOW MOIIHOCTH (HOMUHAJIBHOMN
MOIIIHOCTH TypOUHBI).

JIyist BBIXOJHOW pa3iesieHHOW MOIIHOCTH YA00HEE CIPOCKTHPOBATH Tepeaady, 4TOObI MMOITy-
YUTh MOTOK MOIIHOCTH Tuma I. [Ipu moToke mMomiHOCTH THna | HOMUHANBHAS MOIIHOCTH Bapua-
Topa OyleT mpUOIH3UTENHLHO TOIBKO 10 % OT MOIIHOCTH JIEKTPUYECKOTr0 TeHepaTopa, B CiIydae,
KOT'Jla BapHaTop HaXOJUTCS MKy IIaHETapHOU nepenadeil u renepatopom (puc. 3).

BT BT
42
g e | P S T
. |
o [I1 et ——— [II =—le— TEH
L 13 5 IEd _]| 3005
a) 0)

Pucynok 3 — Kondurypanus pasnencHus BxoJa:
a — IMOTOK MOITHOCTH TuIa I; 6 — morok moutHoctu I Thna
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CepBOMOTOp HOMHUHAIBHON MOIIHOCTH 3aBUCUT TOJILKO OT Auama3oHa kodddummenra cep-
BoaBurarens. CreqoBareabHo, pe3yabTaThl HE 3aBUCAT OT pa3Mepa MalluH.

Toraa ynobHee mpoeKTUPOBATh CUCTEMY C MOTOKOM MoinHocTH | Tuma. B 3akmtouenue, ans
BXOJIHOM pa3fieNibHOI Mepenayu ¢ MOTOKOM MOITHOCTH TUla | HOMHHANbHAs MOLTHOCThH PEryJis-
TOpa COCTaBIIsIET BCETO OKOJIO 15 % BXOMHOM.

Ha puc. 4 nmoka3aH NOTOK MOIIHOCTH BapuaTopa B 3aBUCUMOCTH OT HOMHHAJIBHOW MOIIIHOCTH
TypOuns [19], [21]. dns 106010 KOHKPETHOTO 3HAYEHUS CKOPOCTH BETPa MOITHOCTh BapuaTopa
yMEHbIIaeTcsi ¢ yBenudeHueM rr. CKOpocTh BeTpa, IPHU KOTOPOM MepenaeTcss MaKkCHUMaabHas
MOIIHOCTh BapHaTopa, MOXKET ObITh paccuuTaHa MO HIDKeNpuBeAeHHOH (opmyne. Korma rr >>
7y, MaKCUMaJbHas MOIHOCTH BapuaTopa coctapisieT 0,105 HOMHHATBEHOM MOIITHOCTH TYPOUHBI
MIPU CKOPOCTHU BeTpa 9 m/c.

0Pcyr 3VwsVwr(r—1) 3 rr—1
W = 0= VwFeyrmax = 4 Vs — Vwr - 4 WRpp Ty
0.60 PCVT/PTR .
0.50
0.40
0.30
020
0.10
0.00

0 1 2 3 4
Pucynok 4 — Kondurypanus ¢ pa3neneHrneM MOITHOCTH ¢ TOTOKOM MoIHocTH Tuma I11:
COOTHOUIIEHHE MOITHOCTH B 3aBUCUMOCTH OT CKOPOCTH BETpa

CrnenoBatenbHO, KOHGUryparws ¢ morokoM MorHoctd tuna Il ocobeHHo BITOHA, TTOCKOIBKY
JUI Hee MoTpedyeTcs BapuaTop ¢ ropaszio 0ojaee HU3K0i HOMUHAJIbHON MOIIIHOCTBIO FE€HEPATOopa.

[To uToram paccMOTpeHUs: BOZMOXXHBIX MOTOKOB MOIIHOCTH W MOIIHOCTH CHCTEM yIpaBJie-
HUsl (MEXaHHYECKUN BapuaTop, CEPBOJIBUTATEINb / TEHEPATOP WM THIPABIUYECKAsE CHCTEMa) ObI-
JI0 OMPEJETIEHO, YTO MAKCUMAaJIbHAasl MOLIHOCTh CUCTEMBI YIIPABJIEHUS 3aBUCUT TOJBKO OT JUara-
30Ha ee MepeJaTOYHBIX uncen. To ecTh pe3ynbTaT He 3aBUCHUT OT pa3Mepa TypOMHBI WM Xapak-
TEPUCTUK FeHepaTopa.

B wacTHOCTH, /17151 BEIXOJIHOM pa3/eIeHHONW MOIIHOCTH ONpEIeNICHHO 0ojiee YI00HO CIIPOeK-
TUPOBATh Mepeaady, YToObl NOTYUUTh MOTOK MomiHocTy Tuna III. B 3ToM ciydyae MOIIHOCTD cH-
cTeM ympasienus Oyaer npumepHo 10 % oT MOIIHOCTH 3IEKTPUUECKOT0 TenepaTopa. Takum o0-
pa3om, KoHpurypamnus ¢ moTokoM MomHocTH Tumna Il ocobeHHO BBITOHA, TOCKOIBKY AJS HEe
noTpedyeTcst peryJsTop C HOMUHAIBHON MOLTHOCTBIO HAMHOTO HMKE TeHepaTopa.

Jnis KoHGUTYparuu C pasJelieHHeM BXOJIOB C MOTOKOM MOIIHOCTH THma | HOMHWHaIbHas
MOIIHOCTh CUCTEMBI yNpaBJIEHUsS cocTaBisieT Bcero 15 % oT MakcHMManabHOW BXOAHOW MOIIHO-
cTH. B mocneqHeM cirydae KOHTPOJIIEP MOXKET OBITh CEPBOBUTATEIIEM.

Cy1ecTByI0IIME TPAHCMUCCUH MOKAa3bIBAIOT MPEUMYIIECTBO HAIMYUS T€HEPATOPA, KOTOPBIN
BCerJa paboTaeT C MOCTOSHHON CKOPOCTBIO M, CIEAOBATEIBHO, C MaKCUMaIbHOU 3((PEeKTUBHO-
CTBIO, B TO BPEMS KAK PETYJIMPOBAHHE OCYILIECTBIISIETCS C MOMOILBIO CHUCTEMBI, HOMUHAJIbHAS
MOIITHOCTh KOTOPOH HAMHOTO HU)KE, YEM y T€HepaTopa, 4TO O3HavyaeT 0ojiee HU3KYI0 CTOMMOCTh
1 00JbIIyI0 3P PEKTUBHOCTS.
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Gearing analysis of planetary gears with floating solar gear

Abstract. The purpose of this study is to propose an analytical approach to the analysis of the
gearing of planetary gears with a floating solar gear. Focusing on the basic geometric rela-
tion, we derive a system of equations based on the exact geometry of the involute gear to cal-
culate the gaps between the gaps between the engaged unmodified or modified side surfaces
of the gears having the corresponding errors.
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KomnakTHasi KOHCTPYKIIKS, BBICOKAs YJeJIbHAs MOIIHOCTh M COOCHOE PACIIONOXKEHHE BXOJ-
HOI'O U BBIXOAHOI'O BAJIOB IJIAHCTAPHBIX 3y6‘~IaTI>IX nepeaad urparoT OYCHb BAXKHYIO pOJIb B II€PEC-
Jadye MOIIHOCTH. BceneacTBue HamuuMs HECKONBbKUX IJIAHETAPHBIX IIECTEPEH B3aUMOJICHCTBUE
3alleTUIEHHBIX 3yObhEB IIAHETAPHOTO psifa 0ojee CI0KHOE, YeM y MapauIeIbHOTO MPsSMO3y00To
WM KOCc03y0oro 3ybuaToro kojieca.

[Ipn wamuuum ommOOK B TUIAHETApPHOW TEepenade BO3HUKAIOT PA3HOCTHBIE 3a30pbl WM
CTOJIKHOBEHUSI MEXIy 3allelIeHHbIMU 3yObsMu. B pe3ynbTaTe Harpy3ku MexAy IUIaHETaMH pac-
MIPEACIAIOTCS. HEPAaBHOMEPHO, U B KpallHEM Clydyae MOXET OKa3aThCsl HEBO3MOXHBIM COOpaTh
TUTAHETApPHBINA psA. 3a30p MexaAy 3yObsSMH, KOTOPBIM HTpaeT BaXKHYIO POJIb B TaKOM clydae,
OMpeACIIICTCA KaK PAaCCTOAHUC MCKAY AKTHBHBIMU OOKOBBIMH MMOBCPXHOCTAMMU 3alCIIJICHHBIX
3yoneB. OT mrodTa OH OTIMYAETCS TOJIBKO OOKOBOW CTOPOHOM, T.€. aKTUBHOM WM HEAKTHBHOMN
CTOPOHOM.

OTHoleHUS 3alerieHus 3y0UaThIX KOJIeC TakKe MOTYT ObITh MCIIONB30BaHBI AJIs OIpeeie-
HUS TIOJIOKECHUH JPYTUX KOHTAKTHBIX Map 3yObeB IIAHETAPHOW M MJIM COJHEYHO-TUIAHETAPHOMN
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3yOuateIX map. Kpome Toro, ¢ momomipo mpeasiaraeéMoro mojaxoja MOXHO HACHTH(PHUIIMPOBATH
OJIMHOYHBIN WM IBOWHOW KOHTAKT 000 3y0UaToi mapsl B IUIAHETAPHOU mepeaade. JTa UIeH-
TUUKAIMS OYEHB TTOJIe3HA ISl aHajm3a (a3l 3aleIyICHHs TUTaHETAPHBIX IECTEPEH.
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PI/IcyHOK 2 - FCOMGTpI/I‘lCCKI/Ie COOTHOIICHHUSA KOHTAKTUPYIOINX aKTUBHBIX ITap 3Y6BCB

B o0mewm, pacnpeneneHne Harpy3ku 3y04aroil mapsl B 3alCIUICHUH PE3KO H3MEHHUTCS OT
JIBOITHOTO KOHTaKTa 3y04aToi mapbl K OJUHOYHOMY, U Ha000poT. biaronaps pensedy Ha KOHUU-
K€ U / WM KOpHE OOKOBBIX CTOPOH HArpy3Ky Ha OTACIBHYIO Tapy 3y0OOB MOKHO BapbUpPOBAThH 00-
nee paBHOMepHO. JIuHeinbIi penbed ams Moaudukanuu mpoduis HIMPOKO MPUMEHSETCS B MPO-
MBIIUICHHON MPAKTHKE M PacCMaTPUBACTCS B JAHHOM HCCIICTOBAaHHUU JUTS JAJBHEHUIIIETO aHan3a
Harpy3ku. Penbed mompasnensercs Ha KOPOTKHM WM JJIMHHBIA JTUHEWHBIM B 3aBUCUMOCTH OT
npoTspKeHHOCTH penbeda (puc. 3). IIpoTsHKEHHOCTh MPOTSHKEHHOTO JIMHEHHOTO peibeda paBHA
pa3HoCTH IIUHBI TUHUH AericTBus g (AE) u mara ocHOBaHUSA p e, (pUcC. 3), a MPOTSKEHHOCTH KO-
pOTKOTO perbeda cocTaBisieT MOJOBHHY MPOTSHKEHHOCTH UIMHHOTO penbeda. Bemmunmna pas-
rpy3ku C a unu C raBnsercs QyHKIMeH nepeaaBaeMoi Harpy3KH.
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~—=- Long Linear Relief
De —— Short Linear Relief

Pucynoxk 3 — Cs3b quHEIHHOTO penbeda ¢ mpoduieM IIaHeTapHBIX mmecTepeH [§]

[InanerapHbie MEeCTEPHH TUIAHETAPHOTO PsAla OOBIYHO MOIUDUIIUPYIOTCS C TOMOIIBIO Peib-
eda BepIINHBI U KOPHSL.

HemanoBaxHyto posb urpaet JodT MIaHETapHOrO PEAYKTOpa HE TOJIBKO ISl BHITOJIHEHUS
TpeOOBaHUI K SKCIUTyaTallld, TaKWX, KaKk cMa3Ka, TepMudeckas aedopmaius u T. A., HO U A
npeoTBpalieHns cO0osi cOOPKU M3-3a HAIMYMs OMHMOOK M3roToBiIeHUs / cOopku. Ecmu modra
HET, IJIaHETapHBIA PsII MOKHO COOMPATh TOJIBKO U3 MCIPABHBIX KOMIOHEHTOB. bonbmunii modt
03HAYaeT, 4TO OOJNBIINE JOMYCKHM KOMIIOHEHTOB Ui COOpKU (DMKCHUPOBAaHHOW CONHEYHOH IIie-
CTEepHHU BHYTpHU 3yOuaToil mepenayu. J[pyrumu ciioBaMu, IJIaBaroIas COJHEYHAsS IIECTEPHS MO-
KET mepeMentaThbest mo Oosbiel miomaan. OAHAKO IMIaHEeTapHbIE PeIyKTOPbI ¢ 0ONBLIINM JHO(h-
TOM HE MOAXOJISAT JJIsl MPEIU3UOHHBIX WA BEICOKOCKOPOCTHBIX Tepeay.

Ecnu conmneynast miecTepHs B IJIaHETapHOM 3yOuaToil mepemade paccMaTpUBAETCs Kak Iia-
BaloIllasl, B Cllydyae IJIaHAPHOTO aHaIHM3a COJHEYHAsl IIeCTepHs OyJeT UMETh TPU CTEIEHU CBOOO-
IbI. DTO 03HAYAET, YTO COTHEUHAs MIECTEPHS MOXKET HE TOJIBKO MEepEeMENIaThes B Mpeeiax ooa-
CTH Ha IJIOCKOCTH, MEPIEHANKYJIIPHOH OCH Bajia, B JIIOOOM HAaNpaBieHUH, HO U BpallaThbcs BO-
KpYT TOH ke ocu Bana. ['paHUIBI TOABMKHON 0OJIACTH OMPEACIISAIOTCS YCIOBUSIMH OTPAaHUYEHUSI.
ConHeyHas MECTEPHS, KaK MPaBWIIO, OTPAaHUYCHA JBYMS NapaMu 3yObeB ISl YMEHBIIICHUS TPEX
crenieHei cBo0oabl. OTpaHNYEeHNE MOKHO Pa3JeIUTh HA JIBA PAa3HBIX COCTOSIHUS: COJTHEYHAs IIe-
CTEpHS OTpaHHYCHA JABYMS 3yObSIMU OJHOW TUIAHETAPHOU MIECTEPHH WU OJHUM 3yOOM KaKIoi
U3 JIBYX Pa3HBIX TJIaHETapHBIX IIECTEPEH.

YyBCTBUTEIHHOCTh 3230pPOB MEXAY 3yObsMU, BbI3BaHHAS OLIMOKaMH, CBSI3aHHBIMU C ILIAHE-
TapHOU mepenayeil, mokaszana Ha puc. 4. OUeBUAHO, YTO TAHTCHI[MAIBHOE OTKJIOHEHHUE MOJIOXKE-
HUS TJTAHETHI BHI3BIBAET HAaWOOJBIINMA 3a30p MEXAy 3yObsSMHU, TOT/Ia KaK MOTPEUIHOCTh pagralib-
HOTO TIOJIOKEHUS B 3TOM Cllydae He MEHsETCS. 3a30p MEeXy 3yObsiMH, BI3BAaHHBIN OTKIOHEHUEM
TOJIIIUHBI 3y0a, COCTABIIAECT MPUMEPHO MOJOBUHY M3-32 OMIMOKM TAaHTECHIIMAIIBHOTO TMOJIO0KEHUS.
W3 puc 4 Takke BUIIHO, UTO 3a30p MEXKAY 3yObsIMU M3-3a OLIMOKH TAaHT€HLIUAJIBHOTO MOJIO0XKEHUS
MOJKET OBITh KOMIICHCHPOBAH OTKJIOHEHHWEM TOJIIUHBI 3y0a TOM e MIaHeTapHOU IIIECTePHHU.

3yOuaThlif 3a30p Tak:kK€ MOKHO KOMIICHCHPOBATh, N3MEHHUB TIOJIO)KEHUE COJTHEYHOM IIECTEp-
Hu. M3 nuarpaMMbl BUIHO, YTO M3MEHEHHE MPOCBETa IUIAHET 00pa3yeT CHHYCOUIAIbHYIO KpHU-
ByI0 ¢ ¢azoBeiM yriaoM 60. KiupeHc miaHeThl 3/1eCh OCTaeTCsl PaBHBIM HYJIO, TOTOMY YTO OH
CUUTAETCS UCXOJHOM TOYKOH JJIsl pacdyeTa. UToObl HCKITIOYUTEH OTPHUIATSIIBHBINA 3a30p WU ITOMe-
XM MPpH cOOpKe, 3a30p MOKHO U3MEHHUTb.
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Pucynok 4 — BnusiHue TIOTpENIHOCTEH TIIaHETAPHOM Iepeiaun Ha 3a30p 3yObeB [ 7]
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Pucynok 5 — BiusiHEE IOTpEITHOCTEH COTHEYHOH MeCTepHH Ha 3a30p MEXIy 3yObsMU:
(a) mo (6) mocie peryIrpoBKH 3a30pa MEXKIY 3yObsiMH st cOOpKH [7]

B xone TeopeTHuecku pacCMOTPEHHOTO MEXaHW3Ma, MOXKHO CJIeNaTh BBIBOA. UTO co3maaHue
TUTABHOTO JeMI(UPYIONIETO MEXaHU3Ma Ha TI0CAIKe COTHEYHOH IIeCTEPHU OUYEHb BAXKHO, TaK KaK
npu e€ IBWKCHHHM MOXHO TOpPa3lo JOJbIE IKCIUTyaTHPOBAaTh MEXAHM3M, CATCIUIUTHI MEHBIIE
MOJIBEPTarOTCsl U3HANIMBAHUIO y KOPHS 3y0a M y OrOJIOBBsI, YTO TIO3BOJISET HE TOJIBKO MPOIUTH
CPOK CIIy»ObI, HO 1 U30€KaTh pa3daJaHCHPOBOK.
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