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Cexmus 1. CYJOBOKIEHUE

YK 629.12. 073

P.B. Barpaes, A.P. 'ogyn
Hayunsrit pyxkoBoautens — E.E. ConoBreBa, cTapiimii npernogaBaTeib
OI'bOY BO «/lanbprioBTY3», BiagusocTok, Poccus

3ATPSI3HEHUE MOPCKOM CPEJIBI C CYJI0B

K uucny naubonee cepvesnvix npobiem 3azpasneHus MOPCKOU cpedvl ¢ cy008 OMHOCUMCS 3a2ps3He-
Hue Hegmenpooykmamu, npu ux nepesoske exce2o0Ho 6 Mupoeoii okean nonadaem 6onee 10 man m
Heghmu, u 0o 20 % e2o niowaou ysice noKpuImMo He@PmaAHOU NIEHKOU.

OTHOCHTENBHO HU3Kasi CTOMMOCTh TPAHCIIOPTUPOBKU MOpPEM OOYCIIOBJIMBAET UHTEHCHUBHOE
pa3BUTHE MOPCKUX NEPEBO30K HEPTH, HEPTEIPOAYKTOB, PA3THUHBIX MPOTYKTOB XUMHUECKON
IIPOMBIIIJIEHHOCTH U, KaK CJIEACTBHE, TAHKEPHOTO (hi1oTa.

Heobxonumocts moBbieHUST 3()PEKTUBHOCTH MOPCKHX TEPEBO30K BbI3Baja POCT 4YHCIA
CpellHe- ¥ KPYNHOTOHHA)XHBIX HAJUBHBIX cyn0B. lllupokoe mcnonp3oBaHue KPYMHBIX TaHKEPOB
BBISIBUJIOA PSIT TPOOJIeM, CBSI3aHHBIX ¢ HEOOXOAMMOCTBIO MPENOTBPAIEHUS 3arps3HeHuss Mupo-
BOT'0 OKe€aHa, o0ecriedyeHneM 06e30nacHOCTH U () (HEeKTHBHOCTH SKCILTyaTalHH.

3arpsiHeHue ruApocdepbl BOJHBIM TPAHCIOPTOM IMPOUCXOIUT MO JABYM KaHaiam. Bo-
NIEPBBIX, MOPCKUE U PEUHBbIE Cy/a 3arps3HAIOT €€ OTXO0JaMH, IOJy4YaeMbIMH B PE3yJIbTaTe IKC-
TUTYaTaIl[MOHHOM JesITeNbHOCTH, U, BO-BTOPBIX, BHIOPOCAMU B Cllydae aBapuil TOKCUYHBIX TPY30B,
OompIielt yacThio HePTH U HEPTENPOAYKTOB. DHEPTETUUECKUE YCTAHOBKHU CYJIOB (B OCHOBHOM
JIu3ebHbIC BUTATENN) TOCTOSHHO 3arpsi3HAIOT atMocdepy, OTKy/1a TOKCHYHBIE BEIIecTBa Yac-
TUYHO WJIM [TOYTHU MOJHOCTHIO MONA/Ial0T B BOJBI PEK, MOPEH U OKEaHOB.

OrpoMHBIN yiepd MOPCKOHM cpele HaHOCIT aBapUiiHbIe MOPCKHE MPOUCHIECTBHUS C TaH-
KepaMmH.

CymectBoBanue u 3hdexTrBHOE (HYHKIMOHUPOBAHHE COBPEMEHHOMN IHMBHIM3AIMA HEBO3-
MOXKHO 0€3 TaHKepHOTro CyJnoxocTBa. OKOJO 7 THIC. TAHKEPOB €XKETOIHO MEPEBO3AT MOPSAKA
60 % Bceiil morpedisiemoil B Mupe Hedtu (uto cocraBiser A0 40 % mMepeBO3UMBIX MOpEM Ipy-
30B). B To e Bpemsi ¢ pOCTOM MHTEHCHBHOCTH TAHKEPHBIX MEPEBO30K (TOJIBKO 3a MOCIEIHUE
10 neT 00BEM TaHKEPHBIX MEPEeBO30K Bo3poc Ha 80 %) CyIIECTBEHHO MOBBIIIAETCS PUCK aBapUii-
HBIX 3arpsI3HEHUN MOPH.

MupoBoe notpebiienne HepTu ¥ HEDTENPOAYKTOB MOCTOSTHHO PACTET U COCTABIISECT HBIHE
cBbimie 3150 mutH T B roa. O6beM MeXIyHapOIHBIX TIEPEBO30K HEPTH OyIeT BO3pacTaTh MO MpPo-
rHo3aMm B cpenHeM Ha 4,5 % B rox. [IpumepHo Tak ke OyJeT pacTu U MOTPEOHOCTh B TaHKEPaX.
YBenuuuiack U JaTbHOCTh TIEPEBO30K Chipor HedTH ¢ 6,4 ThiC. 10 10,5 THIC. T/KM, a HedTenpo-
IyKTOB — ¢ 1,6 ThIC. 10 2,2 THIC. T/KM.

C pocToM TaHKEpHOTo (pJ10Ta YBEIUUMBAETCS M YUCIIO ABAPUIHBIX MOPCKHUX MPOUCIIECTBUI
¢ He(TCHAIMBHBIMH CyJaMH, PACTyT MAaCIITAObI 3aTPSA3HEHUS MOPSL.

[IprueM Kaxplii MHIUJAEHT IPUBOAUT celyac KO Bce 0ojee TSHKKUM HocaeAcTBUSIM. Eciau B
1966 r. skcrutyaTrpoBacs BCEro OJIMH TaHKep AeaeiitoMm 170 Teic. T, TO celyac UX HaCUUTHIBA-
etcst onee 400.

3a necatunerue nocie karactpodsl Tankepa « Toppu KaHon» B MOpsIX U okeaHax MOTHOIIO
6onee 750 KpyNHBIX TaHKEPOB. BONBIIMHCTBO ATHX KpPYIIEHHH COMPOBOXKIAJIOCh MAacCOBBIMHU
BbIOpOocaMu He(hTH U HEPTETPOIYKTOB B MOPE.



CraTtucTHKa CBHIETEIBCTBYET O TOM, YTO 3arps3HEHHUE C CYIOB, B MEPBYIO o4yepeap HedTe-
IPOAYyKTaMHU, IPEACTABIsET pealbHyl0 yIrpo3y MupoBoMy OKkeaHy.

Konsennus OOH no mopckoMy mpaBy 1982 r. Bbigenser mecTh UCTOYHUKOB, IPEIOTBpa-
IIEHUE 3arpsi3HEHUs] U3 KOTOPBIX CBA3aHO C OCOOBIM MPABOBBIM PETYJIMPOBAHHEM: 3arps3HEHUE
U3 HaXOJSILUXCS Ha Cylle UCTOYHUKOB (cT. 207); 3arpsi3HEHUE, BbI3bIBAEMOE JI€ATEIbHOCTHIO Ha
MOPCKOM JIHE B Hpejenax HaluoHalbHOM ropucaukuuu (ct. 208); 3arps3HeHue, BbI3bIBAEMOE
JESTEIbHOCThIO B MEXAYHApOIHOM paiioHe Mopckoro aHa (ct. 209) 3arpsi3HeHue, BbI3bIBAEMOE
3axopoHeHueM (ct. 210); 3arps3HeHue ¢ cynoB (cT. 211); 3arpsizHeHne u3 atMocepbl WK yepe3
Hee (cT. 212).

[IpuMeHUTENBHO K CYA0XO/ACTBY CIENYET TOBOPUTH B MEPBYIO odyepeab 00 3KCIIIyaTallMOH-
HOM 3arpsi3HEHUHU.

DKCIUTyaTallMOHHOE 3arpsi3HEHUE BKJIIOYAeT KaK aBTOMAaTHUECKHUH cOpOC 3arps3HSIOLIMX
BEIIECTB B Iporecce paboThl CyAHA, TaK U MpeIHAMEPEHHbIE COPOCH 0TXO0I0B, 00Pa3yIOMINXCS
B IIpoLiecce AKCIUTyaTallMu Cy[Ha (HalpuMep, OYUCTKA I'Py30BBIX TAHKOB M T.II.). /It yMeHb-
IIEHUS WU MOJIHOTO MPEOTBPAIlleHHs] TAKUX cOPOCOB YCTaHABIMBAIOTCS HOPMBI M CTaHAAPTHI,
OTHOCSIIMECA K KOHCTPYKLHHU CYZI0B U UX 000PYJOBaHMIO, a TAKXKe CAaHKI[UU B OTHOLIECHUH BU-
HOBHBIX JIULI.

OpnHako aBapuilHble 3arpsi3HEHMs, BbI3bIBAEMbIE PA3JIMYHOTO pOJia aBapUHHBIMU MOPCKHUMHU
IIPOUCHIECTBUSIMU (CTOJIKHOBEHHE, OCaJKa Ha Melb U T.I.), CaMU M0 cebe He MOryT ObITh 3a-
npeuieHsl. B 3ToM citydae 11e51b IpaBoBOrO peryiaMeHTUPOBAHUS COCTOUT B MPUHATUU MPOHUIIAK-
TUYECKUX MEp IO MPEJOTBPAIICHNUIO TAKUX aBapUUHBIX MOPCKHX IMPOUCIIECTBUN, YMEHBIICHUIO
UX BPEIHBIX MOCJIEICTBUN, a TAKXKEe B PEIICHUH NMPOoOIEeMbl BO3MEIIEHUSI HAHECEHHOT 0 yuiepoa.
BbIHYKIeHHBIN aBapHifHBI COPOC MOXKET OBITh MpeIHAMEPEHHO POU3BENCH ISl CIIACCHUS Ye-
JIOBEYECKOH JKU3HU M CaMOro CyJIHa.

B HacTosiliee BpeMsi B Me:KAYHAPOJHO-NIPABOBOM NPAaKTHKE CJI0KMJINCH YeThbIpe OcC-
HOBHBIX €I0C00a TAKOI0 perjiaMeHTHPOBAHHUS:

1) nmonHoe 3ampelieHne, NpelyCMaTpUuBaIOLIEE, YTO TO UM MHOE BEIECTBO HU IPU KaKUX
00CTOATENHCTBAX HE JOHKHO COpPachIBaTHCS B MOPE;

2) cranaapThl cOpoca, ONpeeNsIomue J0MYCTUMOE COIepKaHUe 3arpsI3HSIONIETO BEIECTBA
B cOpoce;

3) TEeXHOJOTHYECKUE CTAHAAPThI, OTHOCSIIUECS K KOHCTPYKIUH U 000pyIOBaHUIO CyNIOB, a
TaKXe K IPy30BbIM U OYHKEPOBOUHBIM OIEPALIUAM, MOTYILIUM IIPUBECTU K COpOCY;

4) pa3spermuTeNbHbIe PEXHUMBI, YCTaHABIMBAIOIINE, YTO COPOC MOXKET OBITh NPOHM3BEACH
TOJIBKO IO CHEIMATIBHOMY Pa3peLIeHHUIO JIN00 B CIEHUAIBHBIX pailoHax.

Hepenxo TpeGoBaHMs TeX MM MHBIX MEXIYHAPOAHBIX KOHBEHIMH HOCAT KOMOWHUpPOBaH-
HBII XapakTep, IPeICTaBISIONINI cO00i CBOCOOpa3HbIN «CHMOMO03)» yKa3aHHBIX BBIIIE CTIOCOOOB.

Mepbl 00pb0bI € 3arpsi3HEHUEM

B 1954 r. B Jlongone mporuia MeXayHapoaHas KOH(EpEHIIHs, CTaBUBIIAs 1EJIbI0 BBIPabo-
TaTh COTJIACOBAaHHBIE ACUCTBUS MO0 OXpaHe MOPCKOM cpenbl OT 3arps3HeHus Hedreio. Ha Heil ObI-
Ja TPHUHATAa KOHBEHILMA, ONpelesomas o0s3aHHOCTH rocyiapcTB B 3Toi obnactu. Ilozxke B
1958 1. B JKeneBe ObLTM MPUHATHI €Ille YEThIpE JOKYMEHTAa: 00 OTKPBITOM MOpE, O TEPPUTOPHU-
aJIbHOM MOpE U MpHIIeXKallel 30He, 0 KOHTUHEHTAIbHOM IleNb(e, 0 PHIO0IOBCTBE U OXpaHEe KHU-
BBIX PECYpCOB MOps. DTH KOHBEHLUHU IOPUANYECKH 3aKPENWIA MPUHIUIBI U HOPMBI MOPCKOTO
npaBa. OHU 0043bIBAIM KaX/YI0 CTpaHy pa3paboTaTh U BBECTU B JECHCTBUE 3aKOHBI, 3alpellaro-
M€ 3arpsI3HATh MOPCKYIO Cpelly HEeThIO, PaJOOTX0JaMHU U JPYTUMHU BPEIHBIMU BEIIECTBAMH.
[Tpomenmas B 1973 r. B Jlonnone koHbepeHIUs NpUHSIIA JOKYMEHTBI TI0 TTPEIOTBPAICHUIO 3a-
rpsi3HeHus ¢ cyAoB. CorjacHO MPUHATON KOHBEHIMU KaXJ10€ CYTHO JOJDKHO UMETh CepTU(UKAT —
CBUJIETEJICTBO O TOM, YTO KOPITyC, MEXaHU3MBbI U IIPOYasi OCHACTKA HAXOAATCS B MCIIPABHOM CO-
CTOSIHUM U HE HaHocAT yuiep6a Mopio. CooTBeTCTBUE cepTU(UKATaM MPOBEPSETCS MHCIEKINEH
P 3aX07€ B MOPT.

3amperieH cIuB HePTECOAEPKAIINX BOJ C TAHKEPOB, BCE COPOCHI C HUX JIOJDKHBI BBIKAYH-
BaThCsl TOJBKO HAa OeperoBble MPHUEMHbIE MYyHKTHI. JlJI1 OUUCTKU U 00e33apaKMBaHUs CYIOBBIX
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CTOYHBIX BOJI, B TOM YHCJIE€ XO35lICTBEHHO-OBITOBBIX, CO3JJaHbI JIEKTPOXUMHUUECKUE YCTAHOBKH.
WuctutyT okeanonorun PAH paspaboTan 3MyJIbCHOHHBIN METOJ OYMCTKM MOPCKHX TaHKEpPOB,
MOJTHOCTBIO MCKITIOYAIONINK nonaganue Hedtu B akBaroputo. OH 3akioyarcs B J00aBICHUU K
IIPOMBIBHOW BOJIE HECKOJIBKUX TIOBEPXHOCTHO-aKTHBHBIX BelecTs (mpenapar MJI), uto no3Boss-
€T OCYLIECTBUTh Ha CAMOM CyJIHE OYHCTKY 0€3 cOpoca 3arpsi3HeHHOM BOJIbI WIIM OCTATKOB He(dTH,
KOTOPYI0 MO>KHO BIIOCJIEICTBUU PEreHEPUPOBATh ISl JAIbHEUIIEr0 UCIoNIb30BaHuA. C KaXI0ro
TaHKepa ynaercs oTMBITh 10 300 T HedTH.

B nensx npenoTBpalieHus yTeueKk HE(TH COBEPLICHCTBYIOTCS KOHCTPYKLUUHU He(TEHAIMB-
HBIX CyJ10B. MHOI'MiE€ COBpEMEHHBIE TAHKEPBI UMEIOT ABOMHOE AHO. [Tpu nmoBpexaeHun 0JHOTO U3
HUX HE(Th HE BBUIBETCS, €€ 3aJACPKUT BTOPast 000JI0UKa.

KanuTansl cyqoB 00s3aHbl (PMKCUPOBaTh B CIELMANBHBIX XypHajlaX CBEACHUs 000 Bcex
IPY30BbIX ONepanusx ¢ HeThio U HEPTENPOIYKTaMU, OTMEYaTh MECTO U BPeMsl ClauM MJIU CJIU-
Ba C Cy/JlHa 3arpsA3HEHHBIX CTOYHBIX BOI.

Jla cucreMaTndecKol OYMCTKU aKBATOPUM OT CIIy4alHBIX Pa3IMBOB IIPUMEHSIOTCS IUIABYYUE
HedTecOOpIIMKN 1 OOKOBBIE 3arpakaeHus. Taioke B LENsIX NpeAoTBpallleHus pacTekaHus HedTu
UCTIONB3YIOTCS (PU3UKO-XUMUYeckne MeToabl. Co3maH mpenapaT MEHOIUIACTOBOM TPYMIIbI, KOTO-
PBIil TIPY COMPUKOCHOBEHUH C HE(PTSHBIM MATHOM ITOJHOCTBIO €ro oOBojakuBaeT. [locne oTxiMa
MIEHOIJIACT MOJKET MCIIOJb30BaThCS BTOPUYHO B KauecTBe copOeHTa. Takue mpemnaparsl O4eHb
yO0OHBI U3-3a MPOCTOTHI MPUMEHEHUS U HEBBICOKON CTOMMOCTH, OJHAKO MX MAacCOBOE MPOU3BOJ-
CTBO TOKa HE HaTaXeHO. Takke CyIIECTBYIOT COPOMPYIOIINE CPECTBA HA OCHOBE PACTUTEIHHBIX,
MUHEpaJIbHBIX U CUHTETHUECKUX BellecTB. HekoTopble u3 HuX MoryT coobupatsb 10 90 % paznuroit
HedTu. ['maBHOE TpeboBaHKE, KOTOPOE K HUM MPETbSBISETCS, — TO HEMOTOILIIEMOCTb.

[Tocne cbopa HepTu copOESHTAMH UM MEXAaHUYECKUMH CPEACTBAMH Ha MOBEPXHOCTH BOJBI
BCET/JIa OCTAeTCs TOHKAs IUICHKA, KOTOPYIO MOXKHO YIAJIUTh ITyTeM pa3OpbI3TUBAaHUS pasjiararo-
MIMX €€ XMMHUYEeCKHX mpemnapaToB. Ho mpu 3TOM 3TH BelecTBa JOJKHBI ObITh OHMOJOTHMUYECKU
0e30macHsI.

B SInonuu co3znana u anpobupoBaHa YHUKaJIbHAs TEXHOJIOTHS, C IIOMOILBIO KOTOPOH MOKHO
B KOPOTKHE CPOKH JIMKBUINPOBATh TMIaHTCKoe IATHO. Kopriopanus «KaHcall canre» BelycTHiIa
peakTuB ASWW, OCHOBHOI KOMIIOHEHT KOTOPOT0 — CIelHanbHO 00paboTaHHast pucoBasl LIETy-
xa. PacnplieHHBIN O MOBEPXHOCTH, Mpernapar B TEYEHHUE 0Jydaca BcachblBaeT B ce0sl BEIOPOC U
IIPEBPALIACTCS B TYCTYIO MacCy, KOTOPYIO MOKHO CTAIIUTh IPOCTOM CETBIO.

OpurvHanbHbIM CIOCO0 OUMCTKH MPOJAEMOHCTPUPOBAH aMEPUKAHCKUMHU yUYEHBIMU B ATJaH-
TH4ecKoM okeaHe. Ilog HedTAHyIO TUIEHKY Ha ONpeeseHHYIO IIyOWHY OIMyCKaeTcsl KepaMuyie-
ckasg muactuHka. K Hell moacoeauHsiercs akycTudeckas miaacTuHka. [loj aeiicTBuem BUOpanuu
IUIEHKAa CHayaJla CKaIUIMBAETCS TOJCTBIM CIIOEM HaJ MECTOM, I'/I€ YCTAaHOBJICHA IUIACTUHKA, A 3a-
TEM CMEILIUBAETCS C BOJAOH M HayMHAET (POHTAHHPOBATH. DJIEKTPUUECKUN TOK, MOABEICHHBIN K
MJIACTUHKE, MO/KUTaeT (POHTAH, M HEPTH MOJHOCTHIO CrOpaeT.

Jlns ynaneHusi ¢ HOBEPXHOCTU MPUOPEKHBIX BOJ MATEH Macel aMEpUKaHCKUE YYEHbIE CO3-
Jand MOIUGUKAIMIO TOJMIIPONWIEHa, NPUTATUBAIOIIEro XHUpoBble dacTHlbl. Ha kartepe-
KaTamMapaHe MEeXIy KOpIycaMH IMOMECTHIM CBOCOOpa3HyIo IITOPY U3 ATOTO MarepHasa, KOHIIbI
KOTOpOH cBucaroT B BoAy. Kak Tonbko Karep momajaer B MATHO, HE(YTh MPOYHO MPHUIUMAET K
«mropey». Ocraercst JIUILIb MPOIYCTUTh MOJIUMMEDP YEPE3 BAIMKHU CHEUAIBHOTO YCTPOWCTBA, KO-
TOpPOE OTKUMAET HE(PTH B MPUTOTOBICHHYIO €MKOCTb.

C 1993 r. 6bu1 3anpenieH cOpoc KUAKUX paanoakTUBHBIX 0TX0/10B (XKPO), HO uncio ux He-
YKIOHHO pacteT. [ToaTomMy B 1IeTsX 3auThl OKpY Karolien cpenbl B 1990-e ronbl ctanu pa3zpada-
THIBaThCsI MPOEKTHI ouncTKU JKPO.

B 1996 r. npencraBuTeny AMOHCKUX, aMEPUKAHCKUX U POCCUHCKUX (HUPM MOIIHCATH KOH-
TPaKT Ha CO3/1aHMe yCTaHOBKHU 1o mepepadoTke XKPO, ckonuBmuxcs Ha lansHem BocTtoke Poc-
cuu. Ha peannsannio npoekra npaBUTENbCTBO SMOHUM BBIACINIIO 25,2 MITH T0JLI.

OnHako, HECMOTpPS HAa HEKOTOPBIE YCHEeXU B MOUCKE 3()(HEKTUBHBIX CPENICTB, JTUKBUAUPYIO-
IIMX 3arpsA3HEHUs], O PELUIEHUU NPOOJIEMbl TOBOPUTH paHO. TOJIbKO BHEAPEHUEM HOBBIX METOAMK
OUYHUCTOK aKBaTOPUN HEBO3MOXKHO O00ECIEeYUTh YUCTOTY MOpel U okeaHoB. LleHTpanbHas 3anaua,
KOTOPYIO HEOOXOIMMO pelIaTh BCEM CTpaHaM cO00IIa, — MPEAOTBPAICHUE 3arpsI3HEHHUS.
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MARINE POLLUTION FROM SHIPS

Among the most serious problems of pollution of the marine environment from ships is the pollution
by oil products, during their transportation More than 10 million tons of oil annually to the world ocean
and up to 20 % of its area is already covered by an oil film.
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AHAJIN3 ABAPUHHOCTH MOPCKHX CYJIOB 3A 2016-2017 I'T.

bezonacnocmo Mopeniasanusl A6aAemcs 2Jlad6HblM Ka41eCnmeom MOpCKo2co cy()Ha u npedcmaeﬂﬂemc;z
BAICHEUUUM ycaosuem 603MOHNCHOCMU €20 Bd)d)eKmMGHOZZ aKcnryamayuu.

3HaUUTENbHBIE pa3MepPbl MOPCKHUX CYJOB, POCT CKOPOCTEH ABUKEHUS, YBEIIMUEHUE HUHTEH-
CHUBHOCTHU JIBIJKEHHSI HA MOPCKHUX MYTsX, IUIABAHHE CYJIOB B CJIOXHBIX METEOPOJIOTMUECKUX YC-
JIOBUSIX M APYTHE MPUYHMHBI JIEIA0T POoOJIeMy O€30ITacCHOCTH MOpEIUIaBaHus Haubosee IPHOPH-
TETHOM M aKTyaJbHOM NP OLICHKE COBPEMEHHOTO COCTOSIHHS M Pa3BUTHUSI MOPCKOTO TPAHCTIOPTA.

Haubonee TsokenbIMH HapyHICHUSMHU O€30MACHOCTH IUIABAHUS CUUTAIOTCS CIy4yau, KOTna
aBapHH MPHUBOJAT K MOPCKUM KaTacTpodam u K rudenu cyaoB. CiaemayeT MOMHUTH, YTO, KAKOBBI
OBl HM OBLTM WX TIEPBOTPUUYMHBI: CTOJIKHOBEHHE CYJIOB, TTOCA/IKA HA MEJIb, HAPYIICHHE TePMETHY-
HOCTH KOpITyca, MOCIEACTBUS YIapOB O JIeJ WM IUIABAIOUIUI NpeaIMeT U JIp., KOHEUHON NpUYu-
HOM TH0enu CyJiHa SBJISICTCS HAPYIICHUE OJTHOTO MJIM HECKOJIBKUX MOPEXOIHBIX KAa4eCTB, OTHO-
CAIIUXCS K TEOPUHU CyIHA. DTO JIMOO MOTEPs TUIABYUYECTH, JIMOO MOTEPs] OCTONYMBOCTH MJIM aBa-
PUWHOW OCTOMYMBOCTU U HEMTOTOIUISIEMOCTH.

K ocHOBHBIM BuJaM aBapuHHBIX CUTyalluil HA MOpEe OTHOCAT (puc. 1):

- CTOJIKHOBEHHUE CYJIOB — aBApPUUHOE MPOUCIIECTBUE B PE3YyJIbTATE HEMPABUILHOIO MAHEBPH-
POBaHUS CYJIOB MWW YITYIICHUH SKHUMaXKa, a TAKKe KaKUX-TH00 (HOpCc-MaKOPHBIX 00CTOATEIBCTB.
CTONKHOBEHHE CYJOB MOXET MPUBECTH K Pa3pylICHUSIM KOHCTPYKIHUN CyJOB, MAaT€pUaIbHbIM
yOBITKaM, THOCIIH JTFOACH U CIMTACTCS TSHKEIBIM BHJIOM aBapyu;
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- TIOca/ika Ha MeJb — IPUHYIUTENbHAas aBapuii-
Hasi OCTAHOBKA CyJlHAa BCIJIEZICTBHE KacaHUs I'pyHTa
BCEM JIHUIIEM WIM €ro 4YacThl0 IpH TIIyOHWHAX,
MEHbIIUX ocaaku cynaHa. Ilocaaku cynoB Ha Menb
HPOUCXOJAT 110 pa3HbIM NPUYHHAM:

® MpeHaMepPEHHO, YTOOBI n30ekaTh OoJee Ts-
JKEJIOr0 BHJIa aBapUU — CTOJKHOBEHUS WJIM MOTOIN-
JICHHUS;

® OIIMOKN B CYJIOBOXJIECHHH WU MaHEBPUPO-
BaHWH;

® OImMOKY ruporpadun

® HECOOTBETCTBUE INIyOWH Ha Kapre (axkTuye-
CKUM 3HaY€HUSM, CMEILEHHE [IaBy4ero orpax/eHus (papBarepoB, KaHAJIOB.

CraencTBUsIMM MOPCKUX KaTacTpo( M Cepbe3HBIX aBapHUil ABISIOTCS YEJIOBEUECKUE KEPTBBI,
HKOJIOTHUECKUE MPOOIEMBbI, OTPOMHBIE MaTepUalbHbIe MOTEPU M HE MOJAIOUINICS MaTepualb-
HOMY yYeTy ICHUXOJIOTHYEeCKHd GakTop. BermeacTBrue 3Toro Kaxkaplii MHIUMACHT HAa MOpe TpedyeT
JIETaJIbHOIO aHAJIM3a U yUeTa.

OcHOBHBIM BHJOM HMH(pOpMAIMKM 00 aBapuHHOCTH MHPOBOTO (h0Ta B HACTOSIIUNA MOMEHT
ABJIIOTCS CTaTUCTUYECKHE JTAaHHBIE 110 aBapUsIM U THOENN Cy/10B, KOTOpPbIE COOUPAIOTCS U aHAJIU-
3UPYIOTCS OOJIBIIMHCTBOM YYaCTHUKOB MOPCKOM MHIYCTpUU Kak B Poccum, Tak 1 3a pyOeKoM.

CHuxeHue yucia KaracTpod u aBapuid, T.e. obecredeHre MOBBIIIEHUsT 0€30MacCHOCTH CY10-
XOJICTBa, TpeOyeT 0000IIeHNsI CTATUCTUKN aBapuii, HAYYHOTO aHaJIM3a CTAaTUCTUYECKUX JaHHBIX
1 GOpMyJIHPOBaHUS PE3yJIbTATOB 3TOTO AaHAJIN3A B BU/I€ KOHKPETHBIX MPEUI0KEHUI.

B 2016 r. npousomno 82 aBapuiHBIX cllyyas ¢ cyJaMH Ha Mope, yTo Ha 13,9 % Gonbiue,
gem B 2015 r. (72 aBapum).

KonnuectBo aBapuiinbix ciyyaes (gasnee — AC) ¢ cynaMu TOproBoro MOperjiaBaHusl B CpaB-
HeHuu ¢ 2015 r. ymensmuniock Ha 2 AC (4,1 %). KonmnyectBo AC ¢ ppIOONIPOMBICIOBBIMU Cy/ia-
MU yBenmuumioch Ha 52,2 % (B 2016 1. — 35 AC, B 2015 1. — 23).

B 2017 r. npousonuio 84 aBapuiiHBIX cily4asi ¢ cyjamu Ha mope, uro Ha 2 AC (2,4 %)
6ombie, yem B 2016 . (puc. 2).

KomnuectBo AC ¢ cyaamMu TOproBoro MoperuiaBalysl yBeanuniaoch Ha 4 %.

KommaectBo AC ¢ peIOOTIPOMBICIOBBIMU CYJJaMU OCTAJIOCH Ha npekHeM ypoBHe (35 AC).

15

Puc. 1. Iloka3zarenu aBapuitHocTn Ha BBII
10 BHJaM TPAHCIIOPTHBIX MPOHCIIECTBHUI

AHEapE $EBEpanE  MapT  anpens Mai MHHE HMHE aBrycT CeHTAGpE OKTAGPE HOAGPE Oexkabpb

m 2016 m2017
Puc. 2. CooTHoIIEHHE COCTOSHUSA aBapUHHOCTH Ha MOPE 10 MeCsaM
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Juarpamma, n300pa>keHHast Ha pUC. 3, MOKA3bIBAET, YTO HAMOOJBIIIEE YUCIIO aBAPUMHBIX CH-
Tyalui IpUXOIUTCS Ha ciydad 3aToryieHus. KonnuecTBo morudmmx cynoB U JtoJied Takxke s
ATOTO TUIA ABAPUUHBIX CUTYyallMii MAKCUMAJIBHO.

Ha BTOpOoM MecTe (B KauecTBe MPUYMH THOENH) CTOST MOCAAKH Ha MElb, Ha TPETheM — IO-
’Kaphbl U B3PBIBBI HA CY/1aX U HA YETBEPTOM — MOTEPSI OCTOMYMUBOCTHU U TUIABYUECTH.

W 3atonneHue

B CTONKHOBEHWA

M Mocagka Ha Menb
KacaHue nputonieHHoro
npeamerta

H [MoBpex/aeHue Cy/10BbIX YCTPOWCTB
N MEXaHU3MOB

M MoTeps OCTOWYMBOCTU

MoBpesxaeHWe Kopnyca

Puc. 3. Iloka3zarenu aBapuilHOCTH Ha MOpe 10 BHAaM

Takum 00pa3oM, OCHOBHBIM HATMpPAaBJICHHEM OOecredeHHUs 0€30MacHOCTH Ha MOpPE OBbUIO H
OCTaeTCsl OBBIIICHUE HAJCKHOCTH MOPCKHUX CYJIOB, COBEPIIEHCTBOBAHUE TEXHUUYECKHUX CPEICTB
CYJIOBOXKJIEHUS U YIyUIICHHE MOPEXOJHBIX KaueCTB CyJOB, CHUKCHHE OMacHOCTH BO3HUKHOBE-
HUS TOXapoB. B HacTosIee BpeMsi TEXHUYECKOE YCTPOHCTBO CYJIOB HE BCETNla COOTBETCTBYET
pETHOHATIBHBIM TpeOOBaHMSIM 0e30macHOro U 3()(HEKTUBHOTO MOPEXO/ICTBA, YTO MPUBOINT K 3HA-
YUTEIHHOMY COKPAIICHHIO BpeMEHH (PPEKTUBHON IKCIUTyaTallid CYJIOB B CJIOXKHBIX M IITOPMO-
BBIX YCJIOBHSIX TUIaBaHus. YenoBeueckuid (hakTop TakKe OCTACTCS OJHUM M3 ITABHEHIINX (aKTo-
POB, BIUSIONIUX HA O€30MAaCHOCTh IKCILTyaTallud MOPCKUX CY/IOB.

CHucoK MCT0Ib30BAHHOI JTUTEPATYPHI

1. bacanenr H.I'. KoHBeHIIMOHHBIE W KJIacCH(DHUKAIMOHHBIC TPEOOBAHUS K OOCCIICUYCHHIO
0€30macHOCTH CYJIOXOCTBA: CIIPpaBOYHO-MeToandeckoe mocooue. Onmecca, 2008. 260 c.

2. http://www.odin.tc/unTepHeT-pecypc.

3. AnekcannpoB M.H. bezonacHocTs uenoBeka Ha mope. JI.: Cynoctpoenue, 1983.

4. MexayHapoiHasi KOHBEHIIHS 10 OXpaHe 4YeJIoBeYecKoi xu3Hu Ha Mope (SOLAS-74).

A.S. Dei, A.E. Snegur
Dalrybvtuz, Vladivostok, Russia

ANALYSIS OF ACCIDENTS OF SHIPS FOR 2016-2017

The safety of navigation is a fundamental quality of a ship and is essential to the ability to operate ef-
fectively.

Caenenust 00 aBropax: [leit Anexcanap Cepreesuy;
Cueryp Anekceit EBrenseBuy, CBc-212.
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A.C. Hei, A.E. Cueryp
Hayunsrit pyxoBogutens — E.E. ConoBbeBa, cTapiinii IpernoaaBaTeib
OI'BOY BO «lanspei0oBTY3», BraguBoctok, Poccus

IHEPEBO3KA OITIACHBIX I'PY30B MOPEM

IIpu HeiHewHeM SKOHOMUHECKOM PA3GUMUU U OPYIHCECTBEHHBIX MOP208bIX MENCOVHAPOOHBIX CBA35AX
B03HUKAEM HEOOXOOUMOCHb NEPeBO3KU PASTULUHBIX cPY3068 MOPEeM, 8 mom yucie u onachuvlx. K dannoil ka-
mez2opuu 2py308 OMHOCAMCS Gewecmsd, KOmopble npu Ux HenpasuibHol MpaHcnopmupoeKe U XpaHeHuu
MO2Ym HAHECTHU CYUWECMBEHHbII 8ped HCUSHU U 300P08bI0 NH00el, 000pY008aAHUI0 U OKpYIcatoujell cpeode.

Mopckure nepeBo3KH TPy30B MPHOOPETH OOJBITYIO TOMYJISPHOCTh B HAIIM JHU. Bricokuit
CIpOC HAa HUX OOYCJIABIMBACTCA TAKHUMH IOJIOXKHUTEIbHBIMH (PAKTOpaMH, KaK IMOJHAs COXpaH-
HOCTb TPAHCIIOPTUPYEMOT'O CHIPhSI 1 SKOHOMHYHOCTH OIOJKETA.

Cy11ecTBYIOT HEKOTOPbIE BUbI IPY30B, OTHOCUMBIX K KaT€TOPUHU OMACHBIX, MEPEBO3Ka KO-
TOPBIX BO3MOYKHA MCKIIOYUTEILHO BOJHBIM TPAHCIIOPTOM U TOJIBKO B MOJIHOM COOTBETCTBHH C
JNEUCTBYIOIIUMHU MpaBuiiamMu, ycTtaHoBlieHHbIMA OOH (111 MOpCKHUX MEepeBO30K) MU corJallie-
HueM eBpornerckux rocyaapcts BOIIOI 2011 (nst BHyTpeHHUX BOJHBIX ITyTEH ).

[TepeBo3UTH OMAaCHBIE TPY3bl MOKHO TOJIBKO Ha CHEIUMAIIEHO 000pyAOBaHHEIX cynax. [IpaBo
Ha TEpPEeBO3KYy OMNACHOIO Ipy3a KOHKPETHBIM CYJIHOM MOJTBEP)KIACTCS KIacCH(PUKAIUOHHBIM
CBUJIETEIHLCTBOM Perucrpa, B KOTOPOM OroBapUBAaIOTCS KOHKPETHBIE KJIACCHI TOMYCTHUMBIX K Te-
pPEBO3KE TPYy30B.

[To cremenu M xapakTepy OMACHOCTH BBIIEISAETCS 9 KIaccOB TPeOYIOMUX O0COOBIX yCIOBUI
TPAHCTIOPTUPOBKH T'PY30B.

1. B3peiBUaThie BEIIECTBA U MPEIMETHI, CIOCOOHBIE CIPOBOIMPOBATH B3PBIB (OOCTIPUIIACHI,
JIETOHATOPHI U T.].)

2. Cxatble, C)KMKEHHBIE JTMOO paCTBOPEHHBIE TOJT JABICHHUEM T'a3bl.

3. )KuIkocTH u cMecH XHUIKOCTEH, KOTOPBIE JIETKO BOCTIIAMEHSIOTCA.

4. BemectBa, KOTOpBIE€ B MPOLIECCE TPAHCIIOPTUPOBKU MOTYT 3aropeThes (B pe3yJibTare Ha-
rpeBa, TPEHUS, XUMUYECKUX PEAKIIUN).

5. Beiaendromuye KUCI0po1 BELECTBA, KOTOPHIE MOTYT JIETKO BOCIUIAMEHUTHCS (B30pPBaTHCS)
IIPU CMEUICHUH C APYTUMHU BEUIECTBAMH.

6. BemiectBa, KOTOpbIE CIOCOOHBI MOCITYKUTh UICTOYHUKOM 3apaskeHUs [T JTIOACH WU JKU-
BOTHBIX.

7. PanroakTUBHBIE BELIECTBA U U3JICIIHS U3 HUX.

8. Enkue BemiecTBa, CrIOCOOHBIC BBI3BATh IMOBPEKACHUE KOXKHU JIHMOO CIM3UCTHIX 000JIOUEK,
OTpaBJICHHE YeJIOBEKa JTUO0 KOPPO3UH TPaHCIIOPTa U 000pyAOBaHUS.

9. Jlpyrue BemiecTBa, 00J1a1al0IIHe OMACHBIMU CBOHCTBAMH.

Kpome TOro, ornenpHbIMU JTOKYMEHTAMH PETYJIHPYIOTCS YCIOBUS TEPEBO3KH BOJIHBIM
TPaHCIIOPTOM:

- pa3psLIHBIX TPY30B;

- HeTH ¥ HEPTEMPOTYKTOB HATTUBOM;

- HE3€PHOBBIX HABAJIOUHBIM I'PY30M.

HecMmoTpst Ha TO 4TO B CyJOXOJIHOM OTpaciu MPOU30LUIA OOJIbIINE U3MEHEHUs! B 00yacTu
0€30MMacHOCTH, Ha CETOAHSIIIHUN JIEHb BCE €lIe MPOJOHKAIOT MPOUCXOIUTH aBaAPUH C OMACHBIMH
rpy3amu. HenpaBuibHasi pakTHUKa yIaKOBKU U KPEIJICHHs TPY30B YBEIMYHMBAET KOJUYECTBO He-
CYACTHBIX CITy4aeB BO BPEMSs TPAHCIIOPTUPOBKH U, KaK CIEACTBHE, HAHOCHUT OOJIBIION yIiepO Kak
Ha MOpe, TaK U Ha CylIe.

besycnoBHo, Hanbos1ee MpoOIEeMHBIM BOIPOCOM B OOJIACTH MEPEBO30K OMACHBIX TPY30B SIB-
JISIETCS CHIDKEHHME MX aBapuiHOCTU. Poccus mo 3ToMy mokasatesnto HaXOAUTCsl Ha YPOBHE IPYTHUX
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HSKOHOMUYECKU Pa3BUTBIX FOCYAApCTB, OJHAKO CUTYallUs y HAC BO MHOTOM OCJIOXHSETCS TEM,
YTO 3HAYUTEIBHOE KOJNYECTBO TPAHCIIOPTA C ONMACHBIMH I'PYy3aMH MOCTOSIHHO HAXOAUTCA B HEIIO-
CPEICTBEHHON OJIN30CTH OT MPOMBILUIEHHBIX NPEANPUATUI U )KUIBIX MACCUBOB, UTO CO3AAET IO-
BBILLICHHYIO YTPO3y BO3HHUKHOBEHUS UPE3BbIUANHBIX CUTYaLUH ¢ 0000 TSKENBIMH IOCIEICTBUSA-
MHU. DTO B TOJHON Mepe OTHOCUTCA K MEPEeBO3KaM OMACHBIX TPY30B aBTOMOOWJIBHBIM, PEYHBIM,
aBUALMOHHBIM U KEJIE3HOJOPOKHBIM TPAHCIIOPTOM.

B nacrosimiee Bpemst B 001acTH epeBO3KH ONAcHBIX Ipy30B B Poccuiickoit @enepanuu aeu-
CTBYIOT COOTBETCTBYIOIIUE MpaBHiIa MO KaXIOMY BHIY TPaHCHOPTA, pa3pabOTaHHbIE HA OCHOBE
MEXTyHapOAHBIX TOKYMEHTOB U pEKOMEHAAIUH.

IlepeBo3kH OmacHbBIX I'py30B MOPCKMM U PEUHBIM TPAHCIOPTOM PETYIUPYIOTCA PSAAOM MEX-
JTYHapOAHBIX M HallMOHAJIbHBIX HOPMATUBHBIX aKTOB, B UMCie KOTOpbIX: [IpaBuia nepeBo3ok rpy-
30B, yTBepXkaeHHble mpukazoM Munpeudnora PCOCP u nepenznannsie B 1989 r., EBponeiickoe
COIJIAIIEHHE O MEXAYHApOJHOW NEpPEeBO3KE ONACHBIX T'PY30B M0 BHYTPEHHHM BOJHBIM MYTSM,
[TpaBusia MOpPCKO MEpeBO3KU OIMACHBIX Ipy30B, IIpaBuia Ge30macHOCTH MOPCKOW MEPEBO3KU He-
3€pHOBBIX HABAJIOYHBIX I'PY30B, OOIIKE U CHIEIMAIbHbIE PaBUJa IEPEBO3KH HAJIUBHBIX I'PY30B.

B kauecTBe MeXAYHapOOHOIO CTaHAApTa HA MOPCKOM TPaHCIOPTE AEUCTBYyeT MeknyHa-
POJIHBIM MOPCKOM KOJEKC MO OMAacHBIM Ipy3aM, pa3paboTaHHbIN U NOAepKUBaeMblii MexayHa-
poaHoit Mopckoil opranuzanueit (MMO). I'naBoit VII «IlepeBo3ka omacHbIX rpy30B» MexayHa-
POJIHOM KOHBEHLIMU IO oXpaHe uenoBeueckoil ku3Hu Ha mope (COJIAC-74) nannomy Konekcy
IpUaH CTaTyc 003aTeabHOTO.

Uto0B! 00ecreunTh 0S30TacHy0 YIIaKOBKY M TpaHCropTupoBKy ToBapoB, UK P & I Club
pa3paboTall CleAyIoLe PEKOMEHIAIUH.

Knaccndukanusi onmacHbIX Ipy3oB: IepBas KJIIOYEBas 3ajada Uil Ipy30lepeBO3YMKa —
yOequThCs, UTO ONacHbIE TPy3bl HA OOPTY UMEIOT NMpaBHIbHYIO Kiaccupukanuo OOH.

Bbi0op ynakoBKkM: rpy30nepeBO3YMKN JOJKHBI TapaHTUPOBATh, YTO I'Py3 ymakoBaH 0e€30-
nacHo u ctabuieH. IMDG 4.1 coaep>XuT onucaHus yrnakoBOK.

MapxkupoBKka rpy30B: COOTBETCTBYIOIINE U JIETKO 3aMETHbIE OTMETKU Ha YIAaKOBKaX MOMO-
raioT IPOU3BOJIUTH O€30MacCHbIE TPAHCIIOPTHBIE POLIETYPHI.

IloaroroBka TPaHCNMOPTHOrO NOKYMEHTa JJisi OPOHUPOBAHMS NMEPEBO3KH: STOT IMYHKT
00BsICHSET, Kakasi MH(opMaIus 10JKHA ObITh MPEJICTaB/IeHa B KOHEUHOM TPAHCHOPTHOM JIOKY-
MEHTE.

Cerperanusi IMDG: cerperanus — 3T0 POLIECC XPaHEHMs OTAEIBHO APYT OT Apyra TaKuxX
OIMACHBIX TPY30B, KOHTAKT KOTOpbIX onaceH. IMDG obecneunBaeT pykoBOACTBO ISl 3TOTO MPO-
ecca.

YnakoBka TPaHCIOPTHOM eIMHUIIbI: YIIAKOBIIUK 10 3aKOHY 0053aH yOeIUThCS, 4TO OIac-
HBII TPY3 NMpaBWIBHO U Oe30macHO ynakoBaH. OHAKO TaKkKe PEKOMEHIYeTCsl IPOBEPATH LIEJI0-
CTHOCTh YIAaKOBKH Ha KaxxaoM stane mepeBo3ku. [1o sroii mpuunne UK P & 1 Club BeimycTun
PYKOBOJCTBO [UIsl MOPSIKOB U OIIEpaTOPOB, KOTOPHIE YIIAKOBBIBAIOT OMACHBIE TPY3bl B IPY30BbIE
€IMHHULIBI JIJIs1 MOPCKUX NTEPEBO30K.

Ceprudukar ynakoBKH: cepTH(UKAT JOKEH OBbITh MOANUCAH YHAKOBIIMKOM C yKa3aHH-
€M, 4TO BCE I'PY30BbI€ €MHUIBI COOTBETCTBYIOT TpeOOBaHUAM Kaxkaoro koxa IMDG.

Be3onacHasi morpyska KOHTeiHepOB HAa CyJAHO: MECTO, rae OyIyT pa3MeIlaThCs IPy30Bble
€IMHHULBI, 3aBUCUT OT KOHCTPYKIIMH CyJIHA U KOHKPETHBIX JIeTalei ornacHoro rpysa. TuiareapHo
COCTaBJICHHBIM TI'PYy30BOM IUIAH IMO3BOJIAT MHUHUMHU3HPOBATh BO3MOKHOCTH IPOMCIIECTBUS BO
BpEMS IIEPEBO3KH MOPEM.

Boganslii TpaHCIOPT sBIsIETCSI HauOOJee BBITOJHBIM, @ YacTO M €JMHCTBEHHBIM JOCTYII-
HBIM CIIOCOOOM TPAaHCIIOPTUPOBKH PA3NUYHBIX Tpy30B. [Ipu yciaoBuu cobmonenus: TpeGoBaHu
JEHCTBYIOIIEr0 POCCUHCKOI0 M MEXyHAPOIHOTO 3aKOHOAATEIbCTBA, BEIOOPA MPUTOJHOIO IS
TPAHCIIOPTUPOBKHU BHUJA CYyJHA, NMPABWIBHON YIaKOBKM U MAapKHUPOBKHU I'PY30B U COOJIOICHUS
YCIIOBUH NEPEBO3KH U MOTPY30YHO-Pa3rpy304HbIX pabOT BOJHBIM TPAHCIIOPTOM MOTYT TPaHC-
MOPTUPOBATECS JAXKe T€ IPY3bl, KOTOPBIE HHBIM CIIOCOOOM MEPEBO3UTH 3aIPEIEHO MM KpaiHe
3aTpyAHUTEIBHO.
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Cnmcox uCnoIb30BaHHOM JIUTEPATYPHI

1. https://studopedia.ru/4 22867 morskie-perevozki-opasnih-gruzov-perevozka-opasnih-
gruzov-morskim-transportom.html.

2. http://deckofficer.ru/titul/study/item/perevozka-opasnykh-gruzov-morem.

3. http://dispetcher-gruzoperevozok.info/more-volnuetsya-raz-osobennosti-perevozki-
opasnyih-gruzov-vodnyim-transportom/.

4. KoncomuaupoBanubiii TekcT koHBeHIIMH COJIAC-74/83. CII16.: HHUNUM®, 1993. 757 c.

A.S. Dei, A.E. Snegur
Dalrybvtuz, Vladivostok, Russia

TRANSPORT OF DANGEROUS GOODS BY SEA

With the current economic development friendly trade and international relations there is a need of
transportation of various cargoes by sea, including threat. This category of goods are substances which in
their improper transportation and storage can cause significant damage to the life and health of people,
equipment and the environment.

Caenenus 00 aBTopax: [leit Anexcannp CepreeBuy;
Cueryp Anekceit EBrenseBuy, CBc-212.

YK 629.12. 073

T.A. Jomapenko, .M. Pe3HnueHko
Hayunsiii pyxkoBogutens — E.E. ConoBbeBa, cTapiiuii penojaBaTesib
OI'bOY BO «/lanbpsioBTY3», Bnagusocrok, Poccus

ITEPEBO3KA CKOPOIIOPTAINUXCA I'PY30B

B nacmosuwee pems mopckue nepeso3xku Habuparom ece OOIbULYIO NONYTIAPHOCHTb.
Csudemenvbcmeom momy A6aAomcs yugpol, a umento, boaee 60 % muposozo epy3oobopoma 3aHu-
Marm MoOpcKue nepesosKu, U IMom NPOYeHMm pacmenm.

KitoueBbiMu (pakTopamu, BAUSIOIIMMU Ha POCT CIIPOCa MEPEBO3KHU IPy30B MOPEM, SBIISIFOTCSA
CIIEyIOIIHE:

- IPU TPAHCKOHTHHEHTAJIbHBIX MEPEBO3KAX MOPCKOW TPAHCHOPT HE UMEET aJIbTEPHATUB (3a
UCKJIIOYEHHEM aBHAllMH, a, KaK U3BECTHO, C €€ MIOMOIIbI0 MHOT'O I'PY30B HE OTIPABUIb, U CTOUTh
3TO OyzAeT oueHb 1oporo). bonee 90 % BHEIIHETOPTOBBIX TPAHCIIOPTHHIX onepaluii Snonuu, Be-
mukobputanuu, CIIA obecrieunBaroTcss MOPCKUM TPAHCIOPTOM;

- JUI1 MHOTHX CTpaH, Takux Kak Snonus, MHnoHes3us, ABCTpanus, MOPCKON TPaHCIOPT SB-
JSIeTCs CBA3YIOIINUM 3BEHOM C OCTAJIbHBIM MUPOM;

- MEPEeBO3KH MOPCKHM TPAaHCIOPTOM MOAXOAST NMPAaKTUYECKH AJIS JIIOOBIX Ipy30B. Mopem
MOJKHO TEPEBO3UTH ChIy4YHE IPY3bl, )KUAKUE, T€HEPAIbHbIE, XPYIIKUE, TPY3bl C TEMIEPATYPHBIM
PEXKUMOM U MH.JP.;

- pa3BHTas CETh MOPCKUX MOPTOB. boee MoNoBUHBI CTpaH MHUpa 00JIaJaf0T BBIXOJOM K MO-
pIo, YTO MO3BOJIAET Hanbosee F3(PPEKTUBHO MCIIOIB30BATh BOZMOKHOCTH MOPCKOTO TPAHCIIOPTA;

- MOPCKO#1 TpancnopT obciyxuBaet nmpumepHo 80 % MHUPOBOI TOPTOBIIH.
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Takum 00pa3oM, MeXJTyHapOIHBIE MOPCKHE NMEPEBO3KHU SIBIISIOTCS HEOTHEMIIEMOHM YacThIO
MHUPOBON IKOHOMHUKH U TOprosiu. HecMoTps Ha HalM4ue aJbTEpPHATUBHBIX BHUJIOB TPAHCIIOPTA,
NEePEeBO3KM MOPCKUM TPAHCIIOPTOM BCeraa OyayT 3aHUMATh TJIaBHBIE TIO3UIIUN B TOPTOBJIE MEXKTY
KOHTMHEHTAaMH, B JOCTaBKE I'Py30B B TPYAHOAOCTYIIHbBIE PAlOHBI.

Mopckue nepeBo3ku 007a/1al0T Kak IPEUMYIIeCTBAMU, TaK U HEJJOCTAaTKAMU B CPAaBHEHHUH C
JIpyTUMH crioco0aMu MepeBo3KU rpy30B. KitoueBble mpenMyIecTBa, KOTOPIMU 00J1a/1al0T MOP-
CKHE MEPEBO3KHU I'PY30B, CIEAYIOIINE:

- HM3Kasg CTOMMOCTb IE€PEBO3KM IPy30B MOPCKUM TpaHcmopToM. OObsCHsSETCS 3TO, BO-
MEPBBIX, BMECTUMOCTBIO CYJIOB, U YeM OOJIblIIe y Cy/IHA IPy30M0IbEMHOCTh, TEM JICLIEBIIE TIepe-
BO3Ka €IMHULIBI IPy3a, BO-BTOPBIX, MOPCKUM CYJIaM HY>KHO TOpa3/l0 MEHbIIE TOIUIMBA U 3HEPTUU
JUISL ABUOKEHUS TIO MOPIO;

- OrpOMHasi HOMEHKJIaTypa I'py30B, IPUHUMAEMBIX K NIEPEBO3KE, U MPAKTUUYECKH IIOJHOE OT-
CYTCTBHME OTpaHUUYEHUIN Ha rabapuThl IEPEBO3UMBIX IPY30B;

- BBICOKAsl 0€3011aCHOCTb Ipy3a MPU NEPEBO3KE MOPCKUM TPAHCIIOPTOM;

- KOHTeHHepH3aIisi MOPCKUX MEPEBO30K MHOTOKPATHO YBEINUMIIa 000paunBaeMOCTh IPY30B
B [IOPTaX;

- CTaHJApTHU3alMsl B CTPOUTEIBCTBE CYAOB IPUBENA K COKPALIEHUIO BPEMEHHU IOIPY304HO-
pasrpy304HbIX OIeparui.

Hapsiny ¢ nocrouHcTBaMu MOpPCKHE MEPEBO3KU 00JIajaloT U HeJocTaTkaMu. PaccMoTpuM nx
HIDKE:!

- HU3Kasi, 10 CPAaBHEHHUIO C IPYTHUMH BUJIAMH TPAHCIIOPTA, CKOPOCTh JTIOCTABKU I'Py3a;

- BBICOKAs 3aBUCUMOCTbH OT MPOIMYCKHON CIIOCOOHOCTH MOPTOB, KAHAJIOB;

- HeOJIaronpuUsATHBIE TIOTOAHbIE YCIOBHS MOTYT MPHOCTAHOBUTH KaK BBIXOJI/3aX0 Cy/IHA U3/B
HOPT, TaK U MOTPY304HO-PA3TPy30UHbIE PAOOTHI;

- MOPCKO€ MTUPATCTBO.

Cxoponoprsmuecs rpy3sl — 3TO TpylIia NPOAYKTOB WM PEKHUMHBIE TPY3bl, KOTOPbIE IPH
MEPEBO3KE, a TaKXkKe MPH XPAHEHUU TPeOYIOT TOYHOTO COOJIIOJEHUS TeMIIEpaTypHOro PEXuMa,
OTIpEe/ICNIEHHON BIIA)KHOCTH, BBHITIOJTHEHUH CAaHUTAPHO-TUTHEHUYECKUX TPeOOBAaHUHN U MpelebHO-
ro CpOKa JOCTaBKHU.

CKoponopTsIuMCsl UM CPOYHBIM IPY30M Ha3bIBAIOTCSI MaTEpUAIbHbIE OOBEKTHI, YbH CBOM-
CTBa MOTYT IPOMNACTh, MOBPEAUTHCS WX OOECUEHUTHCS MO MPUYMHE BO3JIEHCTBUS PA3IUYHBIX
YCIIOBHUI.

Cpenu Takux yCJIOBHUM: yCTapeBaHUE CaMOM Bl M3-3a 3aTSHYBUICHCS TPaHCIOPTHUPOBKY;
naJiecHue, BO3pacTaHWe WM CKauKH TeMIIepaTypbl, N3MEHEeHHe BiIaKHOCTH. [lomyuenne puznyie-
CKHX Ae(EeKTOB M3-3a yIapOB, CAABIMBAHUS U T.II. OTHOCUTCS K TpyMIe OOIMUX PUCKOB U HE UMe-
€T UCKJIIOYUTEIBHOTO OTHOLIEHMS K JaHHOMY THITy IPY30B, MOCKOJIbKY MOJOOHbBIE HapyLICHUS
LEJIOCTHOCTH HE 00YCIIOBIEHBI «CPOYHOCTHION» IPy3a, a MOSABUIUCH IO TPUYHUHE XPYNKOCTH.

Kaxmomy rpy3y cOOTBETCTBYET ONpeeNEHHbII YPOBEHb TeMIlepaTypHoii 06padotku. Beero
MOHO BBIJICIUTH MSATh TUIIOB I'PY30B.

Ceeorcue. B ux ciydae mpearonaraercsi, YT0 OHU HE JOJDKHBI OBITh MOJIBEP>KEHBI BBICOKHM
WM HU3KUM TeMIlepaTypam, KOTOpble MOTJIM Obl K3MEHUTh UX COCTOSTHHE.

Oxnascoennbie, T.€. TPY3bl, KOTOPHIM HEOOXOIUM MPOXJIATHBIA BO3AyX oT —6 10 +4 °C.

3amopoorcennsvie. 3nech npeanoaraercs Temmneparypa ot —7 g0 —17 °C.

I'nybokoszamopooicennvie. Camasi CuiIbHasE CTEIICHb 3aMOPO3KU 0€3 KpaifHero mpejena: oT —
18 °C u Huxe.

Ilooozpemvie. B ux cimyuae TpeOyercs MoanaepKaHWe TEMIepaTypbl BBILIE, Y€M B OKPY-
KAIOILEM BO3JIyXe€.

OCo0eHHOCTh NEPEBO3KU CKOPOIOPTSIIUXCSA TPY30B 3aKII0YAETCs B TOM, YTO, KaK ObI Ore-
pPaTWBHO OHA HU BBITIOJHSIIACK, TIOYTH BCETAa TpeOyeTcs COOMI0ICHNEe MUHUMAIIBHBIX Mep o0ec-
nevyeHus: 0€30MacHOCTH MPOBO3UMOM MPOAyKIUMU. MUHHMaIbHasE HEOOXOAUMOCTh — OCHAILEHUE
TPaAHCIOPTa XOJIOAUIBLHBIM 000pYyIOBaHUEM, CIIOCOOHBIM MOJIEPKUBATH HEOOXOIUMBIM TeMIie-

12



paTypHbIil peXUM Ha MPOTSKEHUM Bcero myTd. OmacHOCTH Ha 3TOM HE HCYEPIIBIBAIOTCS, BEIb
€CTh PUCKM XMMHUYECKOIO WM OAKTEPHOJIOTMYECKOIO XapaKTepa, OJHAKO NMPUHATHE Mep IO OT-
HOILIEHHIO K 3TUM BO3JEHCTBUAM OyJeT Oecrose3Ho, eciau He 0OpaTUTh BHUMAaHUs Ha IVIABHOE.
Cnenyromee, 0 4éM ciaenyeT n03a00TUThCA, 3TO:

* COCTOSIHHE YTIaKOBKH, B KOTOPOM OyJIeT HaXOAMUTHCS MPOIYKT, €€ COOTBETCTBHE CTaHIAp-
TaM 0€30MaCHOCTHU M yCIOBHUSIM MEPEBO3KHU;

¢ YCIIOBHSL BHYTPU KaMepbl, NPEAHA3HAYEHHOM U NEPEBO3KU CKOPOIMOPTAIIUXCS I'PY30B, a
KOHKPETHEE YPOBEHb TEMIIEPATyphl, HAIMYNE LUPKYJIUPYIOLIMX BO3AYIIHBIX IOTOKOB, YHCTOTA,
TEKyLIasi CHTyal|sl C BIQXKHOCTBIO U YUET BO3MOKHBIX U3MEHEHUH B MPOLIECCE TPAHCIIOPTUPOBKU;

¢ BApUAHTHI PA3MEILECHUA I'Py3a B JAHHON KaMepe;

* CPOK, HEOOXOIUMBIH JIsI IEPEBO3KHU.

ITonroroBka CKOpONOPTAIIETOCs I'py3a — OTBETCTBEHHBIHN MTPOLIECC, OT KOTOPOTO BO MHOTOM
3aBHCHUT JaJIbHEHIIasi COXPaHHOCTh NEepeBO3UMBbIX 00BEKTOB. I[IpemycmaTpuBaercs mnepeyeHb
JecTBUM, PEKOMEHIOBAHHBIX OTIPABUTENIO Ul 00s3aTEIbHOIO OCYLIECTBICHUS, MIPEKAE YeM
HayaThb IIEPEBO3KY:

Crnenuduueckoil 0COOEHHOCTbIO MOPCKHX MEPEBO30K CKOPOMOPTALIMXCS MPOAYKTOB SIBIIS-
IOTCSl PUCKM MEXAHMUYECKHMX ITOBPEXKIACHUM I'Py3a, BBI3BAHHBIC CHIIBHOW Kaukoil. B 3ToH cBsA3M
HE00XO0IMMO MCIIOIB30BaTh IJIOTHYIO YKJIA/Ky, 00ecTIedrBaollyt0 0€301acHOCTh OT YJapoB MU
HENPEABUICHHOTO CKOJIbKCHMS.

Cxoponopraiuecs: rpy3bl BO BpeMs OTIIPAaBKH IOCPEACTBOM MOPCKOI'O TPAHCIIOpPTa NEPEBO-
3aTCst MO0 B peprKepaTopHBIX KOHTEHHepax, 1100 Ha pedprkepaTopHbIX cyaax. Pedprkepa-
TOPHBIE KOHTEHHEPHI BBIIIOJHEHBI U3 HEPXKABEIOLIEH NMUILEBOM cTanu. OHM 3a1paBIIIOTCS dKOJIO-
TMYHBIM (DPEOHOM U MOJAECPKUBAIOT MOCTOSHHYIO TEMIIEPATypy IpU MOMOIIHM UHTETPUPOBAHHO-
r'0 XOJIONWJIBHOTO 060pyaoBanus. PekoHTelHEpbl 0071a/1al0T BEICOKOW CTENEHBIO TepMETU3aLNN
Y HU3KUM YpOBHEM 3Hepronorpedienns. CoBpeMeHHbIE MOJIENN OCHAILEHbI CUCTEMaMU CaMOJIU-
arHOCTUKU U IPY>KeTI0OHBIM HHTEp(eiicoM.

PedpmwxepaTopHoe CyTHO OCHALICHO CHEIHMAIM3HMPOBAHHON XOJIOIWIBHOW cucTteMoi. Ped-
pH>KEepaTOpHBIE CyJ1a Pa3AeysaioT Ha AT BUJOB:

¢ HU3KOTEMIIEpaTypHbIE U JOCTAaBKHM OXJIAKICHHBIX IPY30B;

¢ BBICOKOTEMIIEPATYPHBIE 1JIs1 TPAHCIIOPTUPOBKH 3aMOPOKEHHBIX IIPOALYKTOB;

¢ YHUBEPCAJIbHBIE;

 (DPYKTOBO3BI — CyJla C YCUIIEHHOW BEHTHJIALINECH;

* PEIOOTIPOMBICIIOBBIE pePpPHKEPATOPHBIC Cy/Aa BBHIIOIHIIOT (QYHKIUU JOOBIYH, 3aMOPAKH-
BaHUS U TPAHCIIOPTUPOBKH.

Tprombl TEpPMON30JIMPOBAHBI U 000PYI0BaHbl CUCTEMON BEHTHIIALINU.

IlepeBo3ka CKOPOMOPTAIIMXCS IPYy30B — OTBETCTBEHHBIH Mpoliecc, TpeOyomuil yuéra MHO-
JKECTBEHHBIX (haKTOPOB, MO3BOJISIOMIMX 00ECIIEYNTh €r0 COXPAHHOCTh. TpaHCIIOPTHPOBKA BCeria
COMpSDKEHA C PAIOM PUCKOB, IIOCKOJIBKY I'Dy3 Ha BCEM €€ MPOTSHKEHUM HYXAACTCA B CO3IaHUU
0COOBIX yCIIOBHH, OTBEYAIONINX CTaHIAPTaM €ro XpaHeHHs. ['apaHTHPOBaTh MX MOJHOE BBIMOJI-
HEHME Ha MPOTSHKEHUH BCEro MyTH — ropaso 0osiee ClIo)KHas 3ajayda, 4eM MOAJEepKAHNUE TeX Ke
YCIIOBUW BHYTPH OOBIYHBIX CKJIQJCKUX TOMEUIEHHUH. B 3TOi cBs3u HeoOXoanma KauyecTBEHHAs
OpraHu3anys MepeBo3KH, IpeaycMaTpUBaroIlas HelpeIBUICHHbIE 00CTOATENBCTBA U CIIOCOOHAs
yOepeub Ipy3 OT UX pa3pyIIUTEIbHBIX BO3AEHCTBHHA. DTO MpeAnoiaraeT rpaMoOTHOE IPUMEHEHNE
TEXHUYECKHUX CPEJICTB, IOHUMAaHUE OCOOCHHOCTEH MX paboThl, B TOM YHCJE BO3HUKAIOIIUX BO
BpEMS TPAHCIIOPTUPOBKH.

CHHCOK HCII0JIb30BAHHOM JIMTEPATYPbI

1. https://www.logeast.ru/stati/pravilnaya-upakovka-v-morskix-gruzovyx-perevozkax/.
2. http://mydocx.ru/8-36270.html.

3. http://www.seaterms.ru/.

4. http://helpiks.org/8-13286.html.
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THE TRANSPORT OF PERISHABLE GOODS

Currently, shipping is gaining popularity. This is evidenced by the figures, namely, more than 60 %
of the world's cargo turnover is marine transportation and this percentage is growing.
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HEPCIIEKTUBBI PABBUTHUA ITPUBPEKHOI'O PBIBOJIOBCTBA

Hanvnuti Bocmok umeem mHodcecmeo ocobeHnocmell, Kacaowuxcsa 2eozpaguu u KiumMama, coyu-
ANIbHBIX YCMOes pe2uoHa, be3 yuema KOmopvix pa3euns NpudpesicHoe pblO0I08CME0 00 OOIIHCHO20 YPOBHS
HeBO3MOJCHO. [[1a e20 yCneuwiHo2o pazeumus HeoOX00UMO paspadomamsv KOHYEnyuu J0SUCTHUYECKUX
cucmem, yeavio pabomul KOMOPLIX OYOem AGIAMbCA YCneuwnoe QyHKYUOHUPosanue OaHHOU OMPACI.

JlanbHeBOCTOUYHBIN perroH Poccun mMmeeT BBIXOJ K TPEM OMOIOTMYECKH TNPOIYKTHBHBIM
MopsiM: Anonckomy, OxoTrckoMmy u bepunrony.

[Tpubpexusiit npompicen B JaabHEBOCTOYHOM pPHIOOXO341CTBEHHOM OacceiiHe exXeroaHo
coctainsieT okosio 400 ThIC. T, uau 0Kkoyio 14 % yCTaHOBIEHHOrO OOIIEro JOIMYCTUMOTrO YJOoBa
(O1Y) B Gacceiine.

Kpome Toro, mpomeicen AaqbHEBOCTOYHBIX JIOCOCEH, OCYIIECTBISEMBIM B pexuUMax Kak
NpUOPEKHOT0, TaK U MPOMBIIIJICHHOTO PHIOOJIOBCTBA, 00ECIIEUMBAET JAONOIHUTENBHO €KEroj-
HBbIH BbUIOB 0T 250 110 500 THIC. T.

KpynHeiM pezepBoM npubpexHoro pbidoosioBcTBa Ha JlansHem BocTtoke MoeT craTh THXO-
OKEaHCKHU KaJbMap, 3amachl KOTOPOTO MO3BOJISIIOT €XeroJHo no0bBaTh B Ilpumopse u Tatap-
CKOM IpOJIUBE SIMOHCKOr0o MOPs AONONHUTENBbHO nopsika 80—120 TeIC. T.

Taxum 00pazom, CyMMapHBIA pECYPCHBIN TOTEHIIHAT PUOPEKHOTO PHIOOIOBCTBA HA Jlaib-
HeM Boctoke cocrapnser 750—-1000 Thic. T, pu 3ToM (PaKTHUECKHI MPUOPEKHBIN BBLIOB B IO-
cieHue roabl He npeBbimaeT 620 Thic. T.

ITpu 3¢ hekTHBHOM HCIIOIB30BAaHUM 3TH PECYpPChl MOTYT HE TOJIBKO 00ECHEeUnTh LEHHBIMU
NPOAYKTaMH NMHUTAaHUS HACEJIEHHE, HO M NpPU JOJDKHOM pa3BUTHUU MPHUOPEKHOIO PbIOOJIOBCTBA
o0ecrnieuynTh paboure MeCTa U MOBBICUTh YPOBEHb PA3BUTHUSI PETHOHA B LIEJIOM 32 CYET HHTEHCUB-
HOT'O KOMIIJIEKCHOTO OCBOEHUS IOOEPEXKbSI.

Takum oOpa3zom, mpUOpPexKHOE PHIOOTOBCTBO MOXKET CIIOCOOCTBOBATh PA3BUTHUIO BCETO pe-
T'MOHa.

Opnnako [anpHuii BocTok mMMeeT MHOXKECTBO OCOOEHHOCTEH, Kacaromuxcs reorpaduu u
KJIUMaTa, COLIMaJIbHBIX YCTOEB PEroHa, 0€3 y4eTa KOTOPBIX Pa3BUTh MPUOPEKHOE pPbIOOTIOBCTBO
JI0 TOJKHOTO YpOBHS Oy/1eT HEBO3MOXHO. JIJIsl €ro yCrneuHoro pa3BuTHs He0OX0uMo pa3pabo-
TaTh KOHLIETILIHU JIOTUCTUYECKUX CUCTEM, LIENbI0 padOThl KOTOPBIX OYAET SBIATHCS YCIEHIHOE
(YHKIIMOHMPOBAaHUE TAHHON OTPACIIH.

B nacrosimee BpeMsi mpuOpekHOE PHIOOJIOBCTBO HE CIIOCOOHO TOCTHYD JIOJKHOTO YPOBHS
pa3BUTHS.
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B uacTtHOCTH, paccMaTpuBasi cTpaHbl A3HaTCKO-THXOOKeaHCKOro pervoHa uinu CeBepHOUN
EBporibl, MOXXHO MOHSTH, YTO B pabOTy ATON OTpPACIM BTSHYT OOJBIION MPOLEHT HaceleHus, u
OHa CIIOCOOHA MOAIEP>)KUBATH Pa3BUTHE MPUOPEKHBIX PETHOHOB 3TUX CTPaH.

UToOB! MOHATH MPUYUHBI, 10 KOTOPHIM MPUOPEKHOE PHIOOIOBCTBO B paMKax HaIlIel CTpaHb
HE CIIOCOOHO BBIMTH Ha TaKOW ypOBEHb, HEOOXOJMMO M3YUYHTh IMPOOIEeMbl, N3-32 KOTOPHIX B Ha-
CTOSIIIIMKA MOMEHT OHO HE CIOCOOHO Pa3BHBATHCS JTOCTATOYHBIMHM TEMIIAMH, YTOOBI CTaTh 3HAYHU-
MOM OTpacibO0 HAPOIHOIO XO35AMCTBA.

Hamnpumep, B cootBeTcTBHM ¢ DeaepanbHbIM 3aKOHOM «O PBHIOOIOBCTBE M COXPAHEHUHU BO/I-
HBIX Onosorudeckux pecypcoB» ot 20 nekabps 2004 r. Ne 166-D3 (nanee — 3akoH) npuoOpexHOe
PBHIOOJIOBCTBO OMPEIEICHO KaK «IpeANpUHUMATENbCKAs NEATEIbHOCTh MO TMOUCKY U J00BIYe
(BBUIOBY) BOJIHBIX OHOPECYpPCOB, IPHEMKE, 00pabOTKE, TPAHCIIOPTUPOBKE, XPAHEHHUIO U BBITPY3Ke
YJIOBOB BOJHBIX OMOpPECYpCOB B ONPE/EIICHHbIE OpraHaMu TI'OCYJapCTBEHHON BIACTH MPUMOp-
ckux cyowpekToB Poccuiickoit @enepanuy Mecta JOCTaBKH Ha TEPPUTOPHSIX ITHX CYOBEKTOB, B
TOM 4HCJIe B MOpcKHe MopThl Poccuiickoi denepannmy.

3aKOHOM BBOJMTCS OTPaHUYCHHE HA MCIIONIb30BAHKUE YIOBOB, JOOBITHIX (BBUIOBICHHBIX) MIPH
OCYUIECTBIIEHUU PUOPEKHOTO PHIOOIOBCTBA, KOTOPBIE AOMYCKAIOTCS AJIs TPOU3BOJICTBA PHIOHOM
¥ MHOW MPOAYKLUUHU U3 BOAHBIX OMOPECYpCOB TOJNBKO HAa TEPPUTOPUHU COOTBETCTBYIOIIETO MpU-
Mopckoro cyowsekTa Poccuiickoit denepanuu.

[Mocnennsisi HOBeIuTa 3aKOHA CYIIECTBEHHO CICPKMBACT PAa3BUTHE MPUOPEHKHOTO PHIOOIIOB-
CTBa, OCOOEHHO B ps/ie¢ MaJOHACEJIECHHBIX PailoHOB JlahbHEBOCTOYHOTO PHIOOXO3IMCTBEHHOTO
Oaccelina, riae 00beMbl BO3MOKHOM JOOBIYM (BBUIOBA) BOAHBIX OMOPECYPCOB BEChMa 3HAUUTENb-
HBI, TOT/Ia KaK MECTHasl nepepadaTbiBaromias HHPPACTPyKTypa cnabo pa3BuUTa.

3akoHOAATEIbHbIC aKThl, OTPAHUYUBAIOLINE 30HY NMPUOPEKHOTO pbIOOIOBCTBA 12 MUIAMHU
TEPPUTOPHAIBHBIX BOJ, HE TOJBKO HE OKAa3bIBAIOT MO3UTHUBHOTO BIUSHHUS, HO U SBISAIOTCS
CIepKUBaOIUM (aKTOPOM B Pa3BUTHH NMPUOPEKHOTO phIOOIOBCTBA. Tak, k mpumepy, deme-
panbHbIN 3aK0H «O KOoHTHHEHTaNbHOM menbde Poccuiickoit denepamum» (ot 30 HOs1Opst 1995
r. Ne 187-®3 B penakuuu ot 21.11.2011 N 331-D3) He nomyckaeT BeAeHHE MPOMBICTA HA KOH-
TUHEHTAJIBHOM HIETb(e B PeKUME MPUOPEKHOTO PHIOOTIOBCTBA, YTO, B CBOIO OUYEpEb, SBISIETCS
OTPaHUYHUTENIEM IS TOBBIIIEHUS 00HEMOB JJOOBIUH.

[TomMumo mpobiiem ¢ 3aKOHOAATENbHON 0a30i CyIIECTBYET €li€ OJHA, HE MEHEE BaKHas U
TpeOyroIIas KapAMHAIBHOTO PEeIIeHus, Ipodiema.

B Mopsix [danpHero BocToka, TpyJHO OpraHu30BaTh KPYIJIOTOAUYHBINA MPOMBICET B MIpPH-
OpexxHOU 30He. DTOMY MPEMITCTBYET psl ¢akTopoB. bacceiHbl Mopeil Hallero peruoHa UMEroT
CIIOXHYIO JIEJIOBYIO0 0OCTaHOBKY. EsxkeromHo ¢ koHIa ceHTs0ps B bepuHroBom mope obpasyercs
n€x, KoTopelii TaeT B utose. [loBepxHOCTh MOpst (kpome beprHrosa npoauBa) €KeroJHO MOKPbITa
JIbJIOM OKOJIO JIECSITH MECSILIEB.

3anuB JIaBpeHTHUSI B HEKOTOPbBIE TOJbI COBCEM HE OYHMILNAETCS OTO Jibja. Takke HempocTas
oOcTaHOBKa B O0Jiee 10KHBIX MOPsIX, SInoHCKOM 1 OXOTCKOM, B KOTOPBIX 3HAUUTENIbHAs IJI0IIAIb
NpUOPEKHBIX BOJ MOKPHIBAETCS JIBJOM, UTO SIBISIETCS MPEMSTCTBUEM JI BbIXO/a MaJTOTOHHAXK-
HBIX CYJIOB Ha ITIPOMBICEIL.

[ToMuMoO TsKETIOM JIeT0OBOM 00CTaHOBKHM B JIETHUH Tmepuoa B Mopsix [lampHero Boctoka He
PEAKH U IITOPMBI, KOTOPBIE CO3/1al0T ONACHBIE YCIOBUS Il TpoMbicia. [Ipu 3ToM ynaneHHOCTh
000pyAOBaHHBIX OyXT-YKPBITHI SIBISIETCS TaK)KE€ 3HAUUTEIbHBIM CIIEP’KUBAIOIINM (DAKTOPOM st
pabotsI rora.

@®akT Manoro KOJM4ecTBa MOpTOB Ha MPOTSHKEHUH O€peroBOi TMHUU MPSIMO 3aBUCHM OT KO-
JMYECTBA HACEIEHMsI, KOTOPOE IPOXKUBAET B JAHHOM peruoHe. MiMeer MecTo U 3HaUuTeIbHAs U3-
HOIIEHHOCTH (y1oTa. Tak Kak OCHOBHAs 4acTh PbI0O0OBIBAIOIIMX CY/IOB ObLIa TOCTPOEHA eIIé B
COBETCKOE BpeMsl, TO MUHUMAJIbHBIM UX BO3PACT COCTABIAET 1BAALATh JIET.

B cocraBe (uioTOB pHIOOTOBELKHX KOMITAHUN BCTpEUAIOTCS Cyla, KOTOpPhIE HAXOASTCS B
CTPOIO M COPOK TISITh JIET (T.€. MOCTPOCHHBIE eme B KoHIe 60—Havane 70-x rogoB XX B.). O6cy-
JKUBAaHUE W, TTIABHOE, PEMOHT Takoro (jora TpeOyroT OOJbIINX (PUHAHCOBBIX CPEICTB, YTO, B

15



CBOIO OYepe]lb, OTpaykaeTcsl Ha Oro/pkeTax KommaHuid. IlocTpolika HOBBIX CyJIOB €CJIM HE HEBO3-
MOJKHOE, TO KpailHe 3aTpyJHUTEJIbHOE JIeJI0, TaK Kak Bepdell ¢ HyKHBIMU MOIIHOCTSMU B CTpaHe
HPAaKTUYECKHU HE OCTAJIOCh.

PenTaGenbHOCTh MOKYIKU CYZOB MHOCTPAHHOM MOCTPOWKM TakkKe MOYKHO MOCTaBUTH IOJ]
COMHEHHE, OCKOJIbKY UX CTOMMOCTh Oy/eT HAMHOTO OOJIbIlIe, YeM CTOMMOCTH CyJIOB, KOTOPBIE
TEOPETUYECKH MOKHO OBLIO ObI MocTpouTh B Poccuu.

Cpeay BUIMMBIX MEPCIEKTUB Pa3BUTHS MPUOPEKHOTO pHIOOIOBCTBA, B MEPBYIO OYEPE.b,
MOJKHO BBIJICJIUTh UCIOJIb30BAHNE JIOTUCTUYECKOTO MOAX0a, YTO MPUBEAET K CO3/IaHUIO HEempe-
PBIBHOTO LIMKJIA, KOHEUHOW LIEJIbI0 KOTOPOro OyAeT peanau3alus ruIpoOMOHTOB Kak B ONTOBOM,
TaK ¥ B PO3HUYHOH TOPrOBJIE.

Taxolf moAX0/1 MOMOXET YCTAaHOBUThH B3aUMOCBSI3b MEKY BCEMH CTPYKTYPaMH, Y4aCTBYIO-
IMMHU B TIPUOPEKHOM PBHIOOJIOBCTBE, M CTOPOHHUMHM, HO CBS3aHHBIMU C HUM. B CBOIO ouepens,
CO3/IaHUE JIOTHCTHYECKOW CHCTEMBI, KOTOpas CMOXKET 3(PPEKTHBHO OpraHW30BaTh padoTy MpH-
OpEXXHOro PHIOOIOBCTBA, MPUBEAET K POCTY TEMIIOB Pa3BUTHS JAHHOM OTPACIIH.

Crenyromas 3HauMMasl TEHACHLUSA — 3TO MPOSKTUPOBAHKWE HOBOTIO 00uKa (hoTta aiis pado-
Thl B IPUOPEKHOM NIPOMBICIIE.

Jns ycnemHoro (GpyHKIIMOHUPOBAHUSA OTPACIM HEOOXOOUMBI CyJla HE MPOCTO HOBOH IIO-
CTPOWKH, a MPUHIUIINAIFHO HOBOTO TUIA C TEXHOJIOTUYECKON TOYKHU 3PEHHS. DTO TIOMOXKET Kap-
JTMHAJILHO U3MEHUTH CUTYAIUIO, TOBBICHTH PEHTA0CIBHOCTh pabOThHl HA POMBICIIE, U MBI JTOJDK-
Hbl YBEJIMYNUTh 0OBEMBI BBIJIOBA, YTO B AAJbHEHIIIEM NPUBEIET K YBEINUECHUIO PEHTA0EIbHOCTH.

Kakum TpeGoBaHUAM JI0JKHBI OTBEUaTh Takue cyaa?

OHM 10JKHBI OBITh MaJJIOTOHHAXXHBIMHU M BBICOKOABTOMATH3UPOBAHHBIMU C TOM 1IEJIbIO, UTO-
ObI HEOOJIBIION IO YHCICHHOCTHU SKHITaXX MOT CIIPABUTHCS ¢ pabOTON Ha HUX.

B naeansHOM BapraHTe OHH JTOJDKHBI 00ECIIEYUTH KPYTIIOCE30HHYIO JOOBITY THAPOOHOHTOB,
4TOOBI TTOBBICHTH YPOBEHb PEHTAOCIBHOCTH, WM 00/1a/1aTh TAKUMU KOHCTPYKTUBHBIMU OCOOCH-
HOCTSIMH, KOTOPBIE ITO3BOJIAT YBEIUUUTHh O0BEMBI 100BIUN.

CrouMocTh conepkaHust U 00CITyKUBaHUS 1OJDKHA OBITh OTHOCHUTENIBHO HU3KOU, OCKOJIBKY
ATO MPSAMO BIHSIET Ha ce0ECTOMMOCTD JOOBITHIX THIAPOOUOHTOB.

Cnucox ucnoIb30BaHHOM JIUTEPATYPHI

1. Kypmazo A.A. Ilpubpexnoe pridonoBcTBo [Ipumopbs: ocobernHoctu passutus // W3B.
THUHPO. 2000. T. 127, Ne 1.

2. Ilpubpexnoe prrdonoBcTBO Ha JlansHeM Boctoke Poccuiickoii @enepannu // PridHOE X0-
3siicTBO. 2014. Ne 3.

3. Konnenmus pa3BuTusi mpuOpEKHOTO PHIO0IOBCTBA B MPUMOPCKHUX pernoHax Poccuiickoi
®enepanun 10 2020 roga. Pen. ot 2012 1.

A E. Efremova
Dalrybvtuz, Vladivostok, Russia

PROSPECTS FOR THE DEVELOPMENT OF COASTAL FISHERIES

The Far East has many features relating to geography and climate, the social fabric of the region,
without which to develop coastal fisheries, to the proper level — it is impossible. For its successful devel-
opment, it is necessary to develop the concept of logistics systems, the aim of which will be to the success-
ful functioning of the industry.

Caenenusi 00 aBtope: EdpemoBa Anacracus EBrenbeBHa, CBc-414, e-mail: pillers@
mail.ru
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YK 629.12.053

M.K. JIeonenko
Hayunsiii pykoBoaurens — E.I'. bynax, noueHnr
OI'bOY BO «/lanbprioBTY3», BiaguocTok, Poccus

ITOBBIITEHUE YPOBHSI BE3OITACHOCTH MOPEIUIABAHUSI ITPH ITIOMOIIA
PEI'MOHAJIBHOU CUCTEMBI YIIPABJIEHUA IBUKEHUEM CY0B 3AJINBA
IHETPA BEJIUKOI'O

Komnnexcnoe ocywecmenenue meponpusmuil no 0Opeanuzayuu, pe2yiuposanuio U KOHMpOMO 3d
o8udICeHUeM CYO08 HA 6aze COOMBEMCMBYIOWUX MEXHUUECKUX CPeOCME Npuseio K CO30aHUI0 CUCmem
VNPABIEeHUSL OBUNCEHUEM CYOO8.

Poct MHTEHCHMBHOCTH MHPOBOTO CYJOXOJCTBA, IMOSIBIEHHE BBICOKOI((EKTUBHBIX JOPOro-
CTOSIIIMX CYJIOB, YBEIMUYEHHE UX Pa3MEpPOB U CKOPOCTEH ONMpeAEssOT NOBbIILIEHHbIE TPeOOBAaHUS
K o0ecrieueHHI0 6e30MacHOCTH MOPEIUIaBaHusl.

IIpoBonka cysnHa U3 mopTa U B MOPT OTHOCUTCS K CIOXKHBIM 3a7auyaM yrpasieHus. Ee Heop-
JUHAPHOCTb OOBSACHSETCS CICAYIOUMMU IPUYUHAMU:

® CJO0XHOCTb CyJIHA KaK 00ObEKTa YIIPABICHMUSI;

e MHOrooOpasue BIIMSHUS BHEIIHEH Cpeibl Ha CyIHO, MMEIOIee HEPEAKO ONacHbIN XapakTep;

® HE0OXOAMMOCTb 0OPAaOOTKH OOJBIIOTO KOJMYECTBA JaHHBIX KaK OT BHYTPEHHUX, TaK U OT
BHEIIIHUX UCTOYHUKOB MH(POPMaLIUY;

® CJIO0XHOCTb HAaBUT'ALIMOHHOW anmaparTypsl;

® OrpaHUYEHHME BPEMEHH ISl IPUHATHUS PELICHMUI;

e MHOroo0Opasue BUJOB yIPABIICHUS;

® CII0’)KHOCTb CHUJIOBBIX CPE/ICTB;

® psijl ApyTUX 0OCTOSATENBCTB.

XapakTepusys CII0)KHOCTb CYZI0B KaKk O0BEKTOB YIIPaBIIEHUS, HEOOXOAUMO OTMETHUTD:

® pa3nuuus B YNPaBIIEMOCTH W3-32 MHOTO00pa3usi JBH)KUTEIBHO-PYJIEBBIX KOMIUIEKCOB,
pa3mepoB U (HopM KopIyca;

® OOJIBIITYIO0 MHEPIIMOHHOCTB;

® HEMOJIHYIO YIPABISEMOCTh U BO3MOKHOCTb ITOTEPHU YIPABISIEMOCTH;

® BIIMSHHME Ha JAMHAMUYECKHE CBOMCTBA CyJO0B M3MEHEHHUW 3arpy3Kd M IyTEBBIX YCIOBHM
(MenKOBOIBE);

® 3aBHCUMOCTDH ((PEKTUBHOCTH CPEJACTB YIPABICHUS OT X0Ja, peKUMa padOThI IBUKHTE-
Jeif, Bu/ia nepeMeIleHust U ApYTuxX NpUudrH;

® 3HAYUTEIBHOCTH BIUSHMS Ha IBUKEHHE BO3MYILIEHUH cpex;

® HEOJIHO3HAYHOCTb B PsI/IE CIIy4aeB PeaklU Ha YIPABIAIOLINE BO3AECHCTBUSL.

Cuctema ynpasnenus asrkenueM cynoB (CY/IC) npencrasnser co00i COBOKYIHOCTb 37a-
HU (COOpYKEHHIT), TEXHUYECKUX CPEACTB, IEPCOHANAa M OPraHU3allMOHHBIX Mep.

CVYJIC co3natotcst U IEUCTBYIOT B IEJISIX MOBBIIMIECHUST YPOBHS 0€30MMaCHOCTH MOpEIJIaBaHUS
U 3QPEKTUBHOCTH CYyJO0XOACTBA, OXPaHbl )KU3HU HAa MOpe, 3allUThl MOPCKOM cpeabl U mobepe-
Kbs1, 0EPEroBBIX U MIETH(POBBIX COOPYKEHUH.

[epeie CY/IC (wmu TO, YTO MOXKHO CUUTATh UX MPO0OPa3oM) MosBIIIMCH B KoHIE 1940-Ha-
gaie 1950-x romos. 3a mMunyBmue aecatuiaetuss CYJIC mpomuiy myTh OT OOBIYHBIX CYIOBBIX
PJIC, ycTaHOBIIEHHBIX Ha Oepery, 10 CIOXKHEWIINX MHPOPMALNOHHO-TEXHUYECKUX CHCTEM, HC-
MOJIB3YIOLUX MOCJIETHUE TOCTUKEHUS PaJUO3IEKTPOHUKY U BBIUNCIUTEIbHOW TEXHUKH.

ITo Haznauennto CYIC noapasaenstorest Ha ClIeAyoIre KaTerOpyuH:

® [IOPTOBbIE, JEHCTBYIOIINE HA AKBATOPUAX ITOPTOB U HA MOAX0/1aX K HUM,;

e peuHble, ACHCTBYIONIME HA BHYTPEHHUX BOJHBIX MyTAX, HA MOAX0AAaX K IOpPTaM, pacroio-
’KEHHBIM B PEKaX U ICTyapusix;

¢ pHOpPEKHBIE, OCYIIECTBISIONNE KOHTPOIb 32 CYIOXOJCTBOM B TEPPUTOPUATBHBIX BOJAX
NpUOPEKHBIX TOCYAAPCTB UM B MEXYHAPOAHBIX IPOJIUBAX.
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B 3aBucumocT OT paiioHa JEHCTBHS, BHIONHAEMBIX (QYHKIUH U OCOOCHHOCTEH OpraHm3a-
nuu CYJIC noapas3nensiorcs Ha TpU THIIA:

1) nopToBHIE;

2) npuOpesKHEIE;

3) peruoHaIbHbIE.

Paiion nefictBus noprosoii CYJIC BKiIIO4YaeT akBaTOPUIO 00CITYKMBAEMOT0 MOPTa U OCHOB-
Hble MyTH ABW)KEHUS CynoB Ha noaxone k nopty. Iloproeeie CYJIC moryT oGciyxuBaTh He-
CKOJIBKO ITOPTOB, UMEIOIIUX OOLI1E MOIXOAHbIE TyTH W/UIIM aKBATOPUHU OOILEro MOJIb30BaHUs.

Paiion neitcrBust npubpexnoit CYJIC BKIItOUaeT akBaTOPHIO, PACTIONOKEHHYIO BO BHYTPEH-
HUX BOJIaX, TEPPUTOPUAIBLHOM MOpE U Ipuiexaiueid 30He PO ¢ pa3melieHHbIMM Ha HEH TpaH-
3UTHBIMH ITyTSMHU JIBUKCHUS CY/0B, PAalOHAMHU TPOMBICIIA MOPETIPOTYKTOB U TOOBIYHU MOJIE3HBIX
HCKOIIaeMBbIX Ha I1enbde.

Pernonansnas CYJIC obpa3yercsi Ha ocHOBEe WH(GOPMAIIMOHHON MHTErpallii U KOOPAWHU-
POBaHHOM JESITEIBHOCTH HECKOJIBKUX MOPTOBBIX MM MOpToBbIX U mpudpexHsix CY/IC. Paiton
neiictBus peruoHasibHOM CYJIC siBisieTcs COBOKYITHOCTBIO paiilOHOB JA€UCTBUS MOPTOBBIX U IPU-
opexubix CYJIC, obpazytromux peruonanbuyto CYJIC.

B JlameHeBocTouHOM Oacceitne aeiictByror CYJIC B moprax BmagmBocrok, Haxomaka/Boc-
touHblid, Banuno, Maragan. CY/IC Bnaausoctok u CY/IC Haxonka uHTerpupoBassl B Peruo-
HaJIbHYIO CUCTEMY YIIPaBJIEHUs ABMKEHHEM cya0B 3ail. [letpa Benukoro, HauaBiyto cBoro pado-
Ty B 2006 T.

C ucnonbs3zoBanueM peruonansHoi CY/IC 3an. Ilerpa Benukoro ocyuiecTBisitoTcs:

® KOHTPOJIb 3a JBIKEHUEM CYJIOB U 3a IOJIO)KEHUEM CYJI0B Ha AKOPE;

® [iepeava CyiaM HaBUTaIMOHHOM, METEOPOJIOTHUECKOM, OnlepaTHBHON M MHOM MH(OpMAIINK;

® OpraHu3alys IBWKEHUS CYJI0B;

® OKa3aHUe IIOMOIIH B CyJOBOXKICHUHU.

Pernonansnas CY/IC 3an. Ilerpa Benukoro nMeer B yCTaHOBJIEHHOM IOPSAKE BbIIAHHbBIE
CBHJIETENLCTBA, yaocTtoBepstomue cootBercTBre CYJIC TeXHUKO-IKCIUTyaTallMOHHBIM TpeOoBa-
HusM Ne M®-02-22/848-70 u Pesomrormu IMO A.857(20), npeabsisembiMm kK CYJIC BoIcIICH
KaTEerOpHH.
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Pados geacTena Permosanswon CYOC B 3anwes Netpa Benmeora:;

M

Coxmop 1 = OTEpITAA 43CTE JAnKoa Nerpa Bensoor Cowmop 4 - CNANANCEME XD W KNS 4a0Th

Cacrep 2 - sk Hamysa AarypCEGro JANHED & NOAXGSAMH

Cermop 3 - manuen NooweTta
Cawvop 3 - nopT BAISGABOCTOR & NSRS EEEH

Pernonansnas CY JIC 3anuBa Iletpa Benukoro
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Taxkum oGpazom, Tpaaunuonnsie CYJIC, coxpaHsis CBOIO OCHOBHYIO (DYHKITHIO 1O obOecte-
YCHUIO0 0E30MaCHOCTH MOPEIIABAHUS W OXPAHBI JKU3HU HA MOpE, CTAHOBSTCS SIPOM UHPOpMa-
ONUOHHBIX CUCTEM TPAHCIIOPTHBIX TCPMHUHAJIOB, pCliasad OJHOBPECMCHHO 3a/laid IMMOBBIIICHUA 3(1)-
(EKTUBHOCTH TIEPEBO30K, 3aIIUTHI OKPYKAIOMICH CPElbl, aHTUTEPPOPUCTHUICCKHIE U IPYTHE 3a/1a-
YH U BBI3OBBI, TIOSBUBIIMECS B TIOCIICTHEE BPEMSI.

Cnucox uCnoIb30BAHHOM JIUTEPATYPHI

1. TTonoxenue o pernonanbHol CYJIC 3anmuBa Iletpa Benukoro. YTBepKIE€HO reHEpasb-
HbIM 1upekTopoM OAO «HOP®EC)y B.IO. Bantokosbim 03 nronst 2006 r. CornacoBaHo Hayallb-
HUKOM YyripaBiieHHst obecnieueHust cyaoxonacrsa ®AMPT A H. Onpmesckum 02 uronst 2006 r. u
reHepasibHbIM JupekTopoM PI'VIT «MOPCBA3SBCITY THHUK» B.A. bornanossim 02 nrons 2006 r.

2. Kypunan «Mopckue noptb». 2010. Ne 8 (89).

3. [TonoxxeHue o cucreMax yMHpaBJICHUS ABIKEHHEM CyIOB / MHHHUCTEPCTBO TpaHCIOpPTa
Poccwiickoit @eneparuu; ['ocynapcrBeHHas ciryx06a Mmopckoro ¢iiora. M., 2002.

4. BpemeHnHo pykoBoJcTBO 1Mo ucnoib3oBaHuio AVC Ha cyngax m B OeperoBbIX ciryxoOax /
OAO «<HOP®DEC». 2002.

5. Kypnan «Mopckue noptei». 2011. Ne 7 (98).

M.K. Leonenko
Dalrybvtuz, Vladivostok, Russia

IMPROVING THE SAFETY OF NAVIGATION THROUGH THE PETER THE GREAT
BAY REGIONAL VESSEL TRAFFIC MANAGEMENT SYSTEM

The integrated implementation of measures for the organization, regulation and control of the
movement of ships on the basis of appropriate technical means has led to the creation of systems for the
management of the movement of ships.

Caenenusi 00 aBtTope: Jleonenko Makcum Koncrantunosuu, CBc-614, e-mail: meks-
201 1@inbox.ru

VIIK 656.62(47)(09)

N.A Tlectpukos
Hayunslii pykoBogutens — A.M. BaHOB, cTapiinii nmpenoiaBaTeib
OI'bOY BO «/lanbprioBTY3», BiaguBocTok, Poccus

POJIb TUYHOCTH U BKJIAL AIMUPAJIA @.@. YIHHAKOBA
B MOPCKOH ®JIOT POCCHUHA

Paccmompum nuunocmo aomupana @.@ Ywaxoea u e2o éxkiad 6 poccutickuti gpnom. Paccmampu-
8AIOMCA €20 MEOPemuYecKds U NPAKMU4ecKas 0essmeabHoOCmb, U300pemeHus, HayyHvle mpyoul.

BBenenue

Brinaromuiicst pycckuit hprotoBojiell, oAuH U3 co3aarenei YepHomopckoro ¢uiota, 6€3yMHO
xXpaOpsIii, o0JagaTeNb 6JaropoaHeuiero cepama, rpyooBateiii B oOpamieHiun — BOT 0opa3 DEno-
pa ®énopoBuua YIIakoBa, 3alIOMHHUBIINNICA €ro0 COBpeMeHHUKaM. HamoMuHaTh, 4TO 3TOT 4eso-
BEK — aJMHpaJl, TaK ke U3JHUIIHE, KaK MOSICHATH, yTo [1ymkuH — mosr.

Bo Bpemst pyccko-Typenkoit BoiiHbI 1787—1791 rr. YimakoB pa3rpoMus Typeukuii ¢pioT B
cpakenusix Bozne Kepuu u Tenaper (1790 r.), y meica Kanmnakpust (1791 1.). Yenemso mposén Cpe-
JM3eMHOMOpPCKUi oxoa YepHomopckoro ¢uiota Bo Bpemst BoiHbI ¢ Ppanrmeit 1798—-1800 rr.,
LITYPMOM C MOPS B3sJ1 GpaHIly3CKYIO KpernocTh Ha rpeueckoM octpose Kopdy (1799 r.).
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Muoroe pogaut YmakoBa ¢ CyBOpOBBIM, CEpIEUHO ero JroouBmuM. O0a oHU — repou pyc-
CKO-TYpEIKUX BOMH U mepBoil BoiHbI Poccun ¢ @pannueit; oda — co3aaTenu MKOIbl MOJIKOBO/I-
YECKOT0 UCKYCCTBa, 00a — HEMOOSAMMEI.

KOHnocTh ¢uioToBOAIA

VYurakoB poauncs B 1745 r. B cembe HeOorathix TaMO0Bckux qBopsaH. B XVIII B. mansunkoB
U3 JIBOPSHCKUX CeMEH y)Ke C JETCKHUX JIeT OblI0 IPUHATO 3alMChIBaTh «B cIyk0y». Otery ®Eno-
pa, 3a4MTHIBAaBIIMIICA Ha focyre «3anuckamu o Ceelickoil BoitHe» Ilerpa I 1 MOIHBIMM NPUKITIO-
YEeHUECKUMU pOMaHaMH O MHUpaTax, ¢ OONBIINMHU YCHIMSIMH AOOMIICS, YTOOBI €r0 ChIHA 3a4KCIIU-
JM MUYMaHOM B MOpCKOM 3kunax. [locnenyromnye 3BaHus NPUCBAUBAINCH 110 MEPE B3POCIEHUS
peO&HKa U B HEMAJIOH CTETIEHHU 3aBUCENN OT CBS3€H NPHU JBOPE U Pa3MEPOB B3ATOK YHHOBHHUKAM.
Tak win nHade B 17 seT mutaqmmii Y1akoB cran KalnuTaH-OPYyYHKOM. Beckope Mostonoi ueno-
Bek npuoObuT B Caskt-IleTepOypr n moctynmmn B Mopckoii kaaerckuii kopiyc. [To okoHuaHumM
y4€0bI OH MOTYYIII JUILIOM C OTIIMYHEM U STOJETH OpUraaupa.

[Mpencenatens TaiiHo# kanmenspun Auapei MBanoBud YmiakoB J1oOWIICS Ha3HAYCHUS CBO-
ero BHy4Jaroro ruieMsHHuka ®émnopa komanaupom omneparopckoii sxtel «tangapt», coyxda He
obuta oOpemenutenbHO — Exarepuna Il penko coBepmana mopckue mporynku. Karora 20-
JIETHETO KaluTaHa MOCTENEHHO MpeBpaTHiiach B CBOETO poja y4eOHBIN Kiacc, KyJia 3ampocTo 3a-
XOJIMITU MITA/IIHE OQHIIEPHI, YTOOBI 00CYAUTH HOBUHKH MHPOBOI BOEHHO-MOPCKON TAKTHKH.

Korna Havanace pyccko-Typenkas BoiiHa 1768—1774 rr., ®énop YiiakoB nopasajl Ha UMs
reaepan-aqmupana A.I'. OpioBa ouH panopT 3a APYTUM C IPOCKOON MEePEBECTH ero Ha OOeBBIE
KOpalbJii, KOTOpbIe CHEIIHO TOTOBMIINCH K moxony B CpeausemHoe Mope. B 310 ke Bpemsi oH
CTaJl 4acTo MOCeUaTh OJMH U3 HUX — HOBEUIH ¢peratr «Adpuka», KOTOPOMY JOJITO HE MOTIIN
nonobpath koMaHaupa. He xenast cCCOpUThCS ¢ UMIIepaTpuIeii, KOTopas Mo-MpexkHeMy 0J1aroBo-
JuIa K npeacenartento TalHOM KaHLENIpUU U €/1Ba JIX JKeJlaja IoABEpraTh OIAaCHOCTH €r0 MOJIO-
JIOTO poJICTBEeHHUKA, OplioB KaKAbli pa3 oTBeuyan otkazoM. Torna @énop Ymakos oOpatuics K
CBOEMY HEIIOCPEACTBEHHOMY HaudalbHMKy — Buue-aamupainy Camywiny Kapnosuuy ['peitry.
['peitr yroBopui riiaBHOKOMaHAYOLIET0 HAIPABUTh HACTOMYMBOTO FOHOITY HA «TUXUI YYaCTOK,
B JloHCKYIO (IOTHINIO, KOMAaHAOBaTh TajepHON poToi. brectsamue nobenbl pyccKUX BOSHHBIX
MOPSIKOB HaJl TypelKuM (p1oToM B XHOCCKOM MpoJinBe U ipu YecMe YIakoB u3ydal 1Mo KapTaMm.
OH meITanca NpeAcTaBUTh cedst Ha MecTe M3BeCTHHIX ¢uioToBoaleB: OpnoBa, CrimpuaoBa HIn
I'peiira — u, kKak TpaBUIIO, HE HAXOJNJ Y HUX CEPbE3HBIX TAKTUYECKUX MPOMAXOB.

V3ke mocine BOWHBI BO BpeMsl OHOI U3 cBoMX moe3nok B Kepub, craBiryto 6a30ii cTpouBiie-
rocst YepHomopckoro ¢uiota, kasi3b [.A. [lorémMkuH npu pazdope HEyJauyHO MPOIISANINX B UIOHE
1775 1. yueHuil OTMETHII BEpHbIE U CMETIbIe CyKAeHus Opuranupa Yiakosa. ©énop OEnopoBuy
OBLT HA3HAUYECH KOMAaHAMPOM HOBOTO (perara. Temepb cam BCECHIBHBIA (PAaBOPHUT MPUCTATHLHO
CJIEZIIII 32 CBOMM IOJONIEYHBIM, KoTopoMy B [leTepOypre Tak M HEe MOTJIIHM MPOCTUTH YXOJ C HM-
neparopckoi sixTel. OJTHaKO KOpalib Mo BHIMIIETIOM Y IIaKOBAa HEM3MEHHO OKa3bIBAJICS MEPBHIM
B Y4eOHBIX 110X0/1aX M apTHIUIEPHICKUX cTpenbOax. B 006xon AnmupanteiictBa I'puropuit Anex-
CaHJPOBHY YK€ Yepe3 IMATh JICT IOBEPUIJ TATAHTINBOMY OQHUIIEPY CTapbIi S6-ITyIICUHBIN JTUHEH-
HBI KOpabsb «Bukropy. OgHoBpemenHo [IoTEMKHMH mpuriacui ero Ha KopabenbHbIe BephHu B
XepcoHe, Te 3aKiIaabplBallach cepus JIMHEHHBIX Kopabinel «CnaBa ExaTepuHbl»y. Y11akoB BHUKAI
BO BCE TOHKOCTH CTPOMTENbCTBA M, YOSTUBIINCH B TOM, YTO JIEC CTABUTCS CHIPOM, MpuKazan 00-
muTh aauIe «CBsroro [laBma» (kopalias HE UMEN TOT[a KanmuTaHa) MEIHBIMU JTUCTaMH, YTOOBI
NPEJOXPAaHUTh €ro OT THHEHHUs. VIMEHHO Ha 3TOT KOopabiab OH M ObUI Ha3HAUYEH KOMaHIMPOM.
MartpocoB u 6onmanoB @émop PEnopoBny Habupan u yuns cam. OHHM IUIATHIM €My TpU3HA-
TEIbHOCTBIO, YBAXKEHUEM U UCKPEHHEN NIPEJaHHOCTBIO.

IlepBblie modeabI

Ob6octpenne npotuBopeunii Mexxay Poccueil u Typimei Bckope MpHBeNo K HOBOM PyCCKO-
Typeukoit BoitHe 1787—1791 rr. B 310 Bpemst ®@.D. YmakoB Haxoauics B CeBacTonosie B A0TxK-
HOCTH KOMaHAMpa aBaHrapja ¢oTa.
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B nauaze BOIHBI ITaBHBIE CHIIBI PyCCKOT0 YepHOMOPCKOTro (uioTa OBUIH COCPEIOTOUEHBI Y
Mmbica Kammakpus. OgHako u3-3a CHIBHOTO IITOPMA YacTh JIMHEHHBIX KOpalJel mepeoBoro otT-
psiza molnia Ko JIHy, apyrast Belopocuiiack Ha Oeper: moru6ia tpetb YepHomopckoro ¢uora. Ko-
pabnp YmakoBa «Cstoit [laBen» ¢ moIOMaHHBIMHU CHACTSMU BepHyJicsa B CeBacTOMONb UCKITIO-
YUTENBHO Oarojaps XJaJHOKPOBHIO CBOETO KOMaHAMPA U BbIyYKEe KOMaH/IbI.

[onmyuuB cooOmenue [lorémkuna o HecuacThe, Exarepuna Il Bo3Hamepmiiach MOBTOPHUTH
nmoxoj kopaoseit bantuiickoro ¢nora B CpeanzeMHoe MoOpe, Kak 3TO ObUIO B MPEABIAYIIYIO PyC-
CKO-TypelKyto BoiHy. OHa mpurnacuia rpada A.I'. OpnoBa-UecMeHCKOro Ha ayAUEHITUIO, YTO-
OBl IOPYUYUTH OMBITHOMY (DIIOTOBOJILY BO3TIaBUTH GIOT. Anekceii [ puropseBud B pe3koit popme
HANIOMHUJI UMIepaTpuiie OMOIEHCKYI0 HCTUHY O TOM, YTO «HENb3s BIUTH MOJIOJ0€ BUHO B CTa-
pble MeXu», U CKa3al, 4To HamyranHas nodenamu Poccun EBpona He OMyCTUT BTOPOIl SKCIIean-
IIUH, TIOJJOOHOH TOM, KOTOpas 3aKOHYMIACh UeCMEHCKUM pa3rpoMoM Typeukoro ¢uora. Jlyure,
COBETOBAJ OH, OTIpaBUTh B CeBacTOMOJb ONBITHBIX MOPSIKOB ¢ bantuku. PasrueBannas Exare-
pUHa HEMEJJICHHO MoJmucana yka3 06 orctaBke OpiioBa, YTO 03HAYANIO CCHUIKY MPOCTIABICHHOTO
aaMupalia v JUIUIOMaTa B €ro MOoJMOCKOBHOE UMeHHE. OHAKO MPO30PIAUBOCTh ONAIBHOTO BEJb-
MO3KHU BCKope noATepaunack — llIBenus oobsiBuna Poccun BoiHy.

Kamynan-nama Ocmanckoit umnepun ['accan-6eii, B0 BpeMsi UeCMEHCKOTO CpakeHHUS BbI-
TUTBIBINME ¢ cabieil B 3y0ax u3-moj 00JOMKOB cBoero kopabis «Pean-Mycraday, medran Boc-
CTaHOBUTH cBoOO ciaBy Kpoxonuna Mopckux CpaxeHuil, TOMEpKIIyI0 Mocie MOpaKeHUs Mpu
Yecme. OH 0BT yBEepeH, 4TO B Poccuu HE OCTanoCh JOCTOMHBIX MPOTUBHHUKOB. [loTpscEHHBIN
noTepeil caMbIX MOIIHBIX Kopabiei, komanaywomuid YepHomopckuM (iaotom aamupan BoitHo-
BUY OOsINICS 1a)Ke BHIBECTH OCTaBIIMECS KOpaOiM U3 raBaHU HAa BHEIIHHWM peiil, 3a0pachiBal UM-
nepaTpuIly MoJb0aMu O pa3pelieHHH OTBECTH UX B A30BCKOE MOpE, YTOOBI COXPAHUTH YIIEJICB-
mryto 9acth ¢uiora. [ToTEMKUH cBOEH BJIACTHIO TIPHUKa3ai YIIAKOBY JEWCTBOBAThH B CIydyae HE0O0-
XOJIUMOCTU CaMOCTOSITeNbHO. OT KJIaCCUUECKUX MPUHIMIIOB 00s MapalieIbHBIMU JTUHUSIMH CJIe-
JIOBAJIO0 PEUIMTENIBHO OTKAa3aTbCAd M3-32 OTCYTCTBUS B (CeBaCTOIOJIE JTOCTATOYHOI'O KOJIMYECTBA
Kopabieil. Jlonrumu 6ecCOHHBIMU HOYaMH YIIAKOB JeNiajl Pacu€Thl HOBBIX TAKTUYECKUX MpPUE-
MOB, KOTOpbI€ B II€JIOM CBOJMJIUCH K TOMY, YTO CTPOH KOpalOiyiell MPOTHUBHHKA pacCceKaad MOJ
OpSMBIM yTIIOM, (IarMaHcKuii Kopabiab 00s3aTeNbHO MOBEPraii atake, a apTUIIICPUIO IIPHMeE-
HSUJIM B OCHOBHOM Ha JIUCTaHIUH MPSMOT0 MOPaKEeHUS.

B urone 1788 r. rpomannsiii dhiaarman «Kamynanue», Ha KOTOpoM pa3BeBasics uiar camoro
['accan-6est, BEn k OuakoBy 17 Typeukux JMHEHHBIX Kopabneil. Y octpoBa PupoHHCH OHU
BCTPETHJIMCH C aBaHTapJOM PYCCKOTo (ota — oTpsiioM kKopaodseit «Cssroro [laBma», KoTopbIit
U3/1aTTM TIOJIEP>KUBAIM OCHOBHBIE criibl YepHOMOpckoro (iora. Typku HAMHOTO MPEBOCXOHITN
pyCCKHE CHITBI B KOpabiisax u opyausx. Maru va abopaax, uMes 4 ThiC. MaTpOCOB TTpoTuB 10 ThIC.
HenpusTens, Obl1o 6e3ymueM. Tem He MeHee YIIIakoB clienaia MaHEBp, CO3/1aBIINM y MPOTUBHUKA
BIICUATJICHUE, YTO CTPOM PYCCKHUX Kopabiieid uaét Ha cOMMmKeHne ¢ 60pTaMHu €ro roJIOBHBIX Cy-
noB. Typku npekpaTuin cTpenb0y, TOCKOJIBKY IMOChUIAEMbIE UMH SiApa CTANIM TepesieTaTh yepe3
pycckue kopabiu, 1 coOpaiu KoMaHIy Ha mainy0ax mist abopaakHoro 6os. B aToT MoMeHT, y0-
paB mapyca ¥ yMEHBIINB CKOPOCTh, YIIIAKOB MPUKa3ajl OMTh B yIop 1o 0opTaM HENPHUITEIbCKHX
kopabieil. [locnennue, «morepsiB BeTep», COMINCH B Ky4y, U PYCCKHE CHapsAIbl OYKBaJIbHO CMe-
Tanu mojeil ¢ namny6. ["accan-6eil mompITancs MOMOYb UM, U3JIaJTH OTKPBIB OTOHB MO «CBSATOMY
[TaBiry». Ho mponsouuio To, Ha 4yTo M paccuutheiBan PEnop GENOPOBHUY: 3TH CHAPSAABI NOMANAIN
B OoJiee BBICOKHE TypelKHe KOpaliau, KOTOpPbIe KOJIBLIOM 3aKPBIBAIU PYyCCKUE MAapyCHUKH, BEdy-
M€ HEMPEPBIBHBINA OroHb. B pe3ynbrare 1Ba Bpakeckux (hperaTa 3aropeich M MOUUIM KO JTHY.
Typeuxkuii agmupan ObUT BEIHYKICH OTAATh KOMaHAy O Bo3BpaiieHuu. B CtamOyne Ha nmupce ero
O’KMJAJIM BO3MYULIEHHBIE BIOBBI T€X, KTO ObLI PAacCTPENsH CBOMMHM K€ MyIIKaMH. YTo KacaeTcs
MOTEPh PYCCKUX, TO MOCJIE MEPEKINYKY B KOMaH/e YIIIaKoBa HE 0Ka3aJl0Ch HU OJTHOTO YOUTOTO.

Bckope nocnenoBana nobena pycckux B Kepuenckom mponuse u 'y [N'amxubes. OTHbIHE
uMs YIIak-namy, T.e. YIIakoBa, nmpousHocwin B CtamOynie co cTpaxoM U MyTald UM HEmo-
CIIYILLIHBIX JIETEH.
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B 1790 r. Exarepuna II nuuno Bpyumia ®énopy dénopoBuuy YiakoBy SI0JIEThl BHULIE-
aZMMpana v MmaTeHT koMmauaymomiero Yepaomopckum ¢iaorom. Ha Hero Bo3naranach OTBETCTBEH-
Has 3a/1a4ya — Mojiep>kuBath Boiicka CyBopoBa, BeAyLIME HACTYIUICHUE B TyHANCKOM KHSIKECTBE
Banaxus.

B konne neta 1790 r. y TenapoBckoil KOChl ObUTa COCPENOTOUCHA TypelKas dCKaapa, B KO-
TOpYIO BXonuiau 14 muHEeWHBIX Kopabiuel, 8 ¢peratoB u 23 BcmoMoraTelbHbIX cyaHa. OHA TOK-
Ha ObLIa 3aropoAuTh PyCcCKUM BXoJ B ycThe JlyHas. Anmupan Cena-6eit Haxommicsa Ha «Karry-
nanum». [lomyuns cooOnieHne o MOSBICHUH TyPELUKUX Kopabmieil, YiakoB HeMeIJIeHHO TOKUHYI
CeBacTonoJb, 4ToObl HAHECTH yap MO 3cKaape Henpuarens. He MeHAs MOXOAHOTO MOCTPOSHHS
B TPU KOJIOHHBI, OH Ha BCEX Mapycax Muajcs Ha Typeukue cyna. Typku jKaaiu, Korja pyccKui
KOMaHIYIOIIUI paccTaBUT Kopabiu B muHUI0. HO YIakoB, He CHMXKast CKOPOCTH, TIOTHSIT (priask-
HBI curHall: «CocpeoTOUYNTh aTaKy Ha MEPeIOBbIX HEMPHUATEILCKUX cyaax». Typenkuit ¢uar-
MaH B CUMTaHHbIE MUHYTHI ObLJI aTaKOBaH ¢ AByX cTOpoH «CBsAThIM [laBnom» moxa ¢marom Yiia-
koBa U «CsateiM [lerpom» kanutana 1-ro panra CeHsiBUHA, KOTOPBIE C PACCTOSHUS PYKEUHOTO
BBICTpEJIa OTKPBUTH COKPYIIUTENbHBIA OroHb. [lepenyranubie Typku, cOpacbiBasi B BOIY ITyIIKH,
YTOOBI YBEJIMYUTH CKOPOCTh, CMOTJIM OTOPBAThCSl OT PYCCKUX. YIIAKOB CIEA0BAJ 3a HUMH, I1OKa
He HacTynuia Houb. HecMOTps Ha TO YTO BeTep yTUX, TypeUKHEe MOPSAKH, O€3yMHO CJIE€I0BaB-
mue OyKBe ycTaBa, yopaliu rmapyca U OpOCHIIN SKOps. YIAKOB XK€ IMOJIOKUI KOopadyu B Apeid, u
UX CHOCHJIO TEUEHUEM B CTOPOHY TYPELKUX MapyCHUKOB. YTPOM OH C OJM3KON AUCTAHIIUU BHOBb
aTaKoBaJl HEMOJBMKHYIO 3CKaapy npoTuBHHUKA. [lepBbiM morub® kopadnp «Kamymanuey», momo-
HOKEHHBIN ¢ KOpMBbI PperatoMm «CBsTOl AHapeit», 66-mymeunsiit «Meneku-baxpu» u Tpu raie-
pBI BEIOpocHn Oenbiit dutar. TpeTuil TMHEHHbIH KOpaOiib OMPOKUHYJICS MPH MOTBITKE CMaHEBPH-
posaTts. [lotepu pycckux MopsikoB B 000 y Tenapsr coctaBmim 20 4eioBex.

burtea y mbica Kannakpus

OxonuatenbHyto nodeny Yepnomopckuit ¢pinot ogepxain B 1791 r. y mbica Kanunakpus. Cyi-
TaH notpeboBan ot ['accan-6es u ero ¢rmarmana agmupana Ceug-Oess YHHUTOKUTH, HAKOHEII,
ot pycckux, a Yiak-namry npuBe3td B CTamOyI1 B ClIeUAIBHO CeTaHHOM JAepPEeBsIHHOM KieT-
Ke. Mexay TeMm YIIIakoB, MMesl B CBOEM pacropsKeHUH Bcero 16 muHeiHbIx kopaleit u 2 ¢pe-
rara, aTaKoBaJl OTPOMHBIN Typenkuil (iaoT, HacunThIBaBIIMA 18 nuHEHHBIX Kopabneit u 17 ¢pe-
ratoB. B otuére nmneparpuiie @énop OEmopoBuy Tak OMUCHIBAI 3TO cpaxkeHue: «Hamr ke ¢uot
BCEIO JIMHHUEH MepPeOBBIMU U KOHIIEBBIMU KOPAOIIIMU COBCEM €TI0 OKPY>KWIJI U MPOU3BOJUI C Ta-
KOM OTJIMYHOM JKUBOCTBIO OTOHb, YTO, MIOBPE/AS. MHOTO B MauTaxX, CTEHbIaxX, pesiX U mapycax, HE
CUMTasl BEJIMKOTO MHOXXECTBAa NMPOOOMH B KOpIycaxX, MPUHYIWJI YKPHIBATbCS MHOTHE KOpPaOIH
OJIIMH 32 JIPyToro, ¥ (JIOT HENPHUITEIHCKUI IPU Havaje HOYHON TEMHOTHI OBUT COBEPIICHHO yKe
pazOUT 10 KpalHOCTH, O€XKajd OT CTECHSIOIIMX €ro OeCIpecTaHHO POCCHUUCKUX Kopabien crec-
HEHHOM KyueH 1Mo BeTep...». TOJBKO aBryCTEHINNIA yYKa3 UMIIEPATPHUIIBI O TIPEKPAIICHHUH OOEBBIX
JEHCTBUI B CBSI3U C HAYaJIOM MHUPHBIX TIEPETOBOPOB, JOCTABICHHBIN YIIIaKOBY Ha OBICTPOXOAHOMN
OpUraHTHHE, Crlac TYpPOK OT MOJIHOTO pasrpoma. OcMaHCKas UMIepus Juimmiack ¢guora Ha Yep-
HOoM Mope. [Totepu ke pycckux coctaBuin 17 4enoBeKk yOUTHIMU U 28 paHEHBIMHU.

ITypm Kopoy

[Tocne cmeptu Exarepunst 11 e€ cbin ummnepartop IlaBen I cram uckaTh COIO3HMKOB, YTOOBI
OCTAaHOBUTH 3KcmaHcuio @paniysckoil PecryOnmku. TamaHTIuBBINA (paHIy3CKUI TOIKOBOJEL]
Hanoneon bonanapt Hauan nepekpanBaTh noauTuydeckyro kapty EBpomnbl. Korma Besi CeBepHast
Wranus, 3ansTtas ¢paniy3amu, npeBpatwiack B LluzanenuHckyio Pecnybnuky u ¢paniysckue
coyiathl Beicaauinch Ha Morndeckux octpoBax u B Erunre, Typerkuii cynran Cenum III obpa-
tuiicst B Caakt-IleTepOypr ¢ npeanokeHneM OpraHu30BaTh aHTU(PAHILY3CKYIO Koanuiuio. Poc-
CUsl OTBETHWJIA COIVIACHEM, XOTs €€ MHTepecaM MOKa HUYEro He yrpoxkano. K HuM HememseHHO
NPUCOCTUHUINCH ABCTpHUS U AHIIINSA, IO IPOChOE KOTOPBIX pyccKast apMHs 0]l KOMaHJOBAHUEM
CyBoposa 6Ob11a otnipaBiieHa B CeBepHyto Mranuto, a uepHOMOpCKas 3cKaapa Y1makoBa npuObLia
Ha Oepera bocdopa. Cynran nuuno Bctpeuan @énopa OEnopoBuya, Harpajni €ro BHICIIUM BO-
WHCKUM OPJECHOM M OKa3ajl €éMy BbICOYAWIIME MOYECTH. YIIAKOB MHCall uMmmeparopy: «Bo
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BCEX MECTax OKa3aHbl MHE OTJIWYHAas YUYTUBOCTb M OJAromnpusTCTBO, TAKXKE U JOBEPEHHOCTH
HeorpaHuueHHas». [lon KoMaHOBaHME POCCHUICKOIO BHLE-aIMHUpaa MOCTYNWIHM 15 ITUHEHHBIX
KopabJeii, a kamyaaH-nama Kaaeip-0eii moKsuics 0ecpeKOCIOBHO MOAYNHSATHCS Y IIIAKOBY.

Ocenbto 1798 r. pyccko-typenkuit ¢pioT ocaaun octpoB Kopdy — cuipHeilnyro Kpernoctsb
Honnueckoro apxwumesnara, KOTOPYIO 3aHMMajl 3HAUUTENbHBINA 10 UYUCIEHHOCTH (DpaHIy3CKUI
rapHu3oH. Ilepsblii koHCy)1 @panuuu reHepan bonanapt B CBOEM NpuKa3e KOMaHAUPY KPEMOCTH
redepany [llabo HanoMuHaz, YTO TOT CTOUT MEPEN «CPEIU3EMHOMOPCKUMHU BopoTaMu Ha banka-
HbD». CTpemsich B3sTh 0oJibllle OOENpUIAcOB U COJJAT JAJs JlecaHTa, YIIAaKOB COKPAaTUII 10 MHU-
HUMYMa 3arachl MPOJOBOJLCTBUS. B 3TOM CKa3anoch OTCYTCTBHE HAaBBIKOB JajJbHUX IOXOJIOB.
Bckope pycckre MOpSKHM U COJIAThl CTaJIM CTpajaTh OT rojoja. Hanexxna Ha To, 4TO TypKH Op-
raHu3yloT cHaOxeHue (ora, He onpapranack. M YimakoB pemwics Ha TO, 4TO JI0 CHX MOP CUH-
TaJ0Ch HEBO3MOKHBIM: B3ATh XOPOILIO YKPEIUIEHHYIO LIUTAJENb IITYPMOM € MOPSI.

Hourto Ha mobGepexbe octpoBa Obutn BhicaskeHbl 500 mecantHukoB. Korma paccseno, ko-
paliaM OTKPBUIM OTOHb, MOJJEPKUBAs MOAHSABIIMXCS B aTaky cojigaT M MaTpocoB. Bo BTopoit
BOJIHE HACTYIAaBIIUX O€Xalu TYpPKU C OOJBIIMMH MEIIKaMU — B HUX OHU CKJIaJbIBaJId OTpPE3aH-
HbI€ T'OJIOBBI YOUTHIX (PPaHILy3CKUX COJIAT: UX YMCIOM M3MEPsUICS JIMYHBIM Iepor3M TYpEeLKOro
BOMHA U ONPEEIISIICS pa3Mep ero Oyryiiel NpeMun oT KamyJaH-Mamu. JTO CAesaao CONpOTUB-
nenue (paniy3oB 6onee oxxectou€HHbIM. ['enepan [1labo mpukaszan oTOMBaTHCS 10 TEX MOp, MO-
Ka K Oepery He NMPUCTAHET SUIMK C PYCCKUM aJIMHUpPaTbCKUM BbhIMIENoM. CBOIO caliio OH caai
JMYHO YmakoBy. B 3Hak yBakeHus k no0siecty u xpabpoctu ¢paniry3oB dénop DEnopouy
BEpHYJI IeHepaly OpYyKue U MOIpocuia ero ObiTh rocteM Ha «CBsitoM IlaBne». Buue-agmupan
PELIUTENHHO NMpEecEK OECYMHCTBA TYpPOK, PACCTPENsB HECKOJIbKUX MapoJEpoB M HanmoMHUB Ka-
IBIP-0€t0, KTO U3 HUX JBOUX YIIOJTHOMOYEH CYJITAHOM OBITh CTAPILIUM.

[Tocne ocBoboxneHust Kopdy YiakoB CTOIKHYJICS ¢ HENErKOH TUIIOMAaTHYeCKOi mpoobie-
MO — aHTUTYPELIKUMH HACTPOCHUSIMU MOHUYECKUX TPEKOB, HE MKEJIABILIUX BO3BpAILATHCS B MO~
JAHCTBO cysTaHa. M XOTS HUKAaKMX MMCbMEHHBIX MHCTPYKUMN M3 MHUXalI0BCKOrO 3aMKa, pe3u-
nenuuu [lasna I, @énop PENOPOBUY HE MMEI, OH BBIIABUHYJ MICKO co3xaHus I'peueckoint Pec-
ny6muku Cemu OcTpoBOB, KOTOpas npu noanepxke Poccun nomkHa Oblaa MOTY4YUTh aBTOHO-
MU0 B cocraBe OCMaHCKOM HMIIEPUM WM B KpallHEM CIy4yae — POCCHMCKHI IpPOTEKTOpaT
(TTOKPOBHUTENBCTBO C OTTEHKOM TMOJIUTUYECKON 3aBUCUMOCTH). Kanbip-0elt nonéc o6 stom Cenu-
my III, KoTOpBIH, B CBOIO O4Yepenb, 3agBui npotect [leTepOypry. YimakoBy ObL10 MATKO TpEAIH-
CaHO 3aHMMATHCA «CBOMMH JEIIAMM».

Bomnapenne Anekcannpa I 06epHYI0CH Uil TeHHATBHOTO PYCCKOTo (hIIOTOBOJIIA HEOKHIaH-
HOM oTcTaBKOW. Ha 3TOM HacTamBaiM aHTJIMIICKHUE, aBCTPUHUCKUE M TYPELKUE MOCIBI MPU COTJIa-
COBaHUM YCJIOBHM BOCCTAHOBJIEHMS AMILUIOMATHUECKUX M SKOHOMMYECKHX OTHOLIEHHM MEXIY
Poccueii u e€ ObIBIIMMEU MapTHEPAMU N0 aHTU(PPAHITY3CKON KoMK, MOTY4yIO epKaBy IbI-
TAJIMCh OCTA0UTh, TUIINB €€ TaJaHTIUBBIX IMOJKOBOALEB U (ioToBOALEB. B Giiecke renus CyBo-
poBa u Y1IakoBa TpyaHO OBLIO pa3au4uTh BOCHHBIN TamaHT KyTy3oBa u barpatnona, CensiBuna
u JlazapeBa, a TaKXkKe MHOTUX JIPYTUX, BOCIIUTAHHBIX UX IpuMepoM. KpaTkuii neHCHOHHBIN aTTe-
CTaT aJMupaia, COOCTBEHHOPYYHO HAaIMCAHHBIA MMIIEPaTOPOM, HauuHaics npocto: «Ilobenure-
10 Beex Hempusarenel Poccun Ha mopsix rpady YiakoBy @énopy Pénoposuuy...».

Tak B 3eHHTE CBOCH ci1aBel HemoOeauMbiii DEnop DEnopoBry YI1akoB paccTajcs ¢ onepeH-
HBIMU OCJIOCHEKHBIMH MapyCaMy POJHBIMU JTHHEHHBIMU KOpaOisiMu, (pperatamu U rajepamu Ha
CEBACTOIOJIBCKOM PEizie, KOTOPBIE CAIOTOBAIN €My Ha NMPOLIAHUE OPYIUNHBIMHA 3aJIIaMH. ..

Cnucok MCnoJib30BaAHHOM JIUTEPATYPbI
1. Damuknonenus aus gereid. T. 5. Ucropust Poccun u e€ Ommxainmmx coceneit. Y. 2 / ro.
pea. M.JI. Axcénosa. M.: ABanra+, 1997. 704 c.

2. Kopabmm Poccuiickoro umneparopckoro ¢uiora: sHuukiIoneaus / mox oom. pea. A.E. Ta-
paca. Munck: Xapsect, 2000. 336 c.
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HOBBIIIEHUE IOMEXOYCTOHUYUBOCTHU T'HJIPOAKY CTUUECKHUX
PBIBOIIOUCKOBBIX ITPUBOPOB

O6vém anpuopHou uHhopmayuy 6ce20a Ha NPAKMUKe 02PaAHUYeH U 80 MHO2OM ONpedensemcs nome-
XOYCmMOUu4UBOCMuvIo 2UOPOAKYCIMUYECcK020 npubopa.

[Ipu pabote rumpoakycruiyeckoro poidonouckooro npudopa (I"APIIII) na nucmiee cyno-
BOJMTENIO BblAaeTCad UH(OpPMALMS O PacIOIOKEHUH CyJHA M KOCsiKa U 00 MX B3aMMHBIX Iepe-
MmereHusx. OTobpaxxenue HHGOpPMaITUKN Ha SKpaHe JUCILIes] IPOCMATPUBAETCS B rpaduyeckoM U
udpoBoM BuAax. YeTKOCTh U300paKeHUsI U TOUHOCTh CHSTHS OIEPaTOpPOM KOOpJIMHAT BO MHO-
IrOM 3aBUCAT OT IOMEXOYCTOMYMBOCTH mpueMHbIX TpakToB ['AIl. IlpueM mnonesHsIx 3Xxo0-
CUTHAJIOB (OT KOCSIKOB PBIOBI M JTHA), KaK MPaBUIJIO, COMPOBOKIAETCS Pa3IMYHOIO poja rmomexa-
MU, 3aTPYIHSIOIUME paciiupoBKy MMoIydaeMoi HHPOpMAITUH.

[To xapakTepy BO3ACHCTBHUS Ha MPUEMHBIN TPAKT MPUOOpaA MOMEXH TOAPA3ICSIOTCS Ha aKy-
CTHUYECKHE U DIIEKTPUUECKHE.

HcrounnkamMu aKkyCTUYECKUX TIOMEX SIBJISIIOTCS CYJHO-HOCUTENb anmnapaTypbl, MOpe, Apyrue
THIPOaKyCTUYECKHE IPUOOPHI, HAXOAAIIMECS Ha CYAHE, a TAKXKe PhIO0JIOKAaTOPBI COCEAHUX CY/I0B
(TIpu TPYTIIIOBOM TIPOMBICIIE).

Haubonpmmii yiensHbIi BeC B aKyCTHUECKUX MOMEXaX UMEIOT IIyMbl CyJHA, HCTOYHUKAMU
KOTOPBIX SBJSIOTCS pabOTaroliye ABUTaTeN M pa3iIMuHble MEXaHU3MBI, TpeOHbIC BHHTHI, BOJA,
oOTekarolas Koprnyc CyJaHa, ¥ aHTeHHBI (THAPOAMHAMUYECKHE TTIOMEXH), a TakXKe peBepOeparu-
OHHbIE TTOMexH. Bubparus kopriyca cyHa nepefaercs Ha IPUEMHYIO0 aHTEHHY HEIOCPEACTBEHHO
yepe3 Kopiyc ¥ Boay. Lllym rpeGHOro BUHTA BKJIIOYAET YIbTPa3BYKOBbIE, BbI3BAHHbBIE KaBUTAIlU-
OHHBIMU TIPOIIECCAMU, M TOHAIIbHBIE KOJeOaHUs 3BYKOBOM 4acTOThI. [ MIpoaKyCTHYECKHE LTyMbI
00pa3yloTcsl pU JIBUKEHUU CyJlHA B pe3yJibTaTe OOTEKaHUs €ro KopIiyca M aKyCTHUECKOW aH-
TEHHBI HAaOeraroImuMHU BosiHAaMU. [IpudyeM ypoBeHb 3TOTO ITyMa BO3pACTaeT C yBEITUUYEHUEM CKO-
poctu xoja cyaHa. EcTh He3HauuTeNnbHas J0JIs B THAPOAKYCTHUECKHUX [TOMEXax U IIyMOBOIO IO-
71 MOPS, BBI3BIBAEMOT0 MOBEPXHOCTHBIM BOJIHEHUEM, CEHCMHUYECKUMHU MPOILIECCaMU, OKEaHUYe-
CKOH TypOYJIEHTHOCTBIO U T. I., @ TAKXKE IIyMa, CO3/1aBa€MOT0 MOPCKUMH >KUBOTHBIMU (CHUIIbHBIE
MoMeXH HabII0JaI0TCs TOJIBKO OT JA€Th(UHOB).

Ocoboe MecTo cpeair MPOYMX MMOMEX 3aHUMAIOT peBepOepaIliOHHbBIE, MOSBISIONINECS TONb-
KO IIpH paboTe ruApoaKycTudeckon anmnapatypsl. [Ipu u3nydeHrn 30HIUPYIONIEro aKyCTHUYECKO-
ro UMITyJIbca B OJIOKE 3ByKOBOW MHJUKALIMU POCIYIINBAETCS HETIPEPHIBHOE OIMPEEICHHON po-
JOJKUTENbHOCTH 3ByYaHUe, MHTEHCUBHOCTh KOTOPOTo ObICTpO yObIBaeT. B 3aBucuMOCTH OT pac-
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npeeNICHIs paccenBaTeliel pa3IndaloT 00beMHYI0, JOHHYIO U TIOBEPXHOCTHYIO peBepOepallvH.
OcHOBHOM u Hambosee MIUTETBLHON SBIAETCS OOBEeMHasi peBepOepalusi, 00yCIOBICHHAS IIE€H-
TpaMU paccesiHus, HaXOIAIUMHUCS B TOJIIIE BOJIBI.

[ToBepxHOCTHas peBepOepalisi 3aMETHO BhIpa)K€Ha MPH BOJIHEHUH, TaK KaK MPH ATOM IIy-
3pIphKAMH BO3/yXa HAChIIAeTCs 00Jiee TOJICTBIA TMOBEPXHOCTHBIM cloM. MHTEHCHMBHOCTH MO-
BEPXHOCTHOM peBepOepanu yObIBaeT MPOMOPIHUOHAIBHO, T.€. ObIcTpee, ueM oObeMHas peBepOe-
panusi, KoTopasi yObIBaeT IMPOMOPIIHOHAIBHO.

JlonHas peBepOeparusi, onpeaensiemMas KOIMYEeCTBOM U XapaKTepOM pacceuBaTeNeld B Mpu-
JIOHHOM CJIO€, CTAaHOBUTCSI OLIIyTUMOM B MEJIKOM MOp€ MpH ciadornorioaronieM rpyare. JlonHas
peBepOepalust caMas KpaTKOBPEMEHHAs — €€ MHTEHCHUBHOCTh YOBIBACT MPOMOPIIMOHAIBHO.

NHTeHcuBHOCTD peBepOepaliui B OCHOBHOM 3aBUCUT OT TEXHMYECKHUX MapaMeTpoB I'MJIIPO-
AaKyCTUYECKOW CTaHIMHU, KOJIMYECTBA LICHTPOB PACCESIHUS U UX pacHpe/iesieHUus B BOJHOHM cpelie.
Taxk, A5 HanpaBJIEHHOW aKyCTUYECKOW aHTEHHbl MHTEHCHUBHOCTh 00BEMHOW peBepOepalvu Bbl-
paxkaercs hopMynoi

I, = (a TP, /8mct’y) x 10~

rae o — kodpdunreHT o0beMHON peBepOepaIiy, XapaKTepU3yIOIIHi PacCeUBaIOIIYIO0 CIIOC00-
- 9 T

HOCTBh MOpPs (9KCIIEPUMEHTAIBHO yCTaHOBJIECHO o = 10 7107 M ); P, — akycTHueckasi MOITHOCTh

U3IydarTens; T — JUIMTENbHOCTh UMITYJIbCa; C — CKOPOCTh 3BYKa; O — KOA(Q(PUIHUEHT MOTIOIIEHUS
3BYKa CpeloM; t — BpeMsl OT MOMEHTA ITOCBUIKH.
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Puc. 1. I'paduk uHTEHCHUBHOCTH peBepOepanry BO BpEMEHU
B 3aBUCHUMOCTH OT JUINTEIILHOCTU MMITYJIbCA

——i

W3 npuBeaeHHoi ¢popMyIibl BUIHO, YTO MHTEHCUBHOCTH MPSAMO MPONOPIHOHATIbHA MOIIHO-
CTH U3IydaTelNs, NIUTeILHOCTH UMITYJIhca U 00paTHO MPOIMOPIMOHATBHA KBapaTy BpeMeHu. Ha
puc. 1 mokasaH XapakTep M3MeHEHHUs I, B COOTBETCTBUM C BBILICIIPUBEACHHON (HOPMYIION s
JBYX 3HaUeHUH anutenbHocTH ummyibsca T; u T, (mpuuem T, > T)) npu nocrosinnoit P,. [TyHk-
THUpHAas JINHUSI COOTBETCTBYET PABHOMEPHOMY PaCIIPEACIICHUIO LIEHTPOB paccesiHus. B peanbHbIX
YCIIOBUSIX HaOJIOIAaeTCs HEPAaBHOMEPHOE paCIpe/IeIICHUE pacCeuBaTeNel, a OTPaKEHHBIE OT HUX
BOJIHBI UHTEP(EPUPYIOT, B pe3yJIbTaTe YET0 peBepOepallMOHHbIE IIIyMbI HOCAT (DIIOKTYUPYIOLIUI
xapakrep (Ha rpaduke crulomHble JIMHUN). MakcuManbHas I, HabaronaeTcs B MOMEHT MOCBUIKH,
3aTeM OHa OBICTPO YOBIBaET.
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PeBepOepanimoHHbIe IIyMBI SBIISIOTCS IOMEXaMH B PHIOOJIOKAINHU, TaK KaK OHU MAaCKHPYIOT
noje3Hble curHaisl. Ha (oHe 1mryma HeIerko BBIIEIUTh 3X0 OT KOCSKa PhIObI B MOKA3aHUAX JIFO-
6oro muaamkaropa. [y 3Toro TpeOyroTCs OmpeesieHHBI HABBIK U YMEJIOe MaHHITYJIMPOBAaHHUE
peryaupyeMbIMH TapaMeTpamMu npubopa A CHUOKEHUS ypoBHs noMex. B priGonokaropax ypo-
BEHb pPeBEepOEPALMOHHBIX TOMEX CHIKACTCS MOJKII0YeHNEM cxeMbl BAPY 1 BEIOOpOM COOTBET-
CTBYIOLIEH JAJIMTENBHOCTH nMItysbca. Ha puc. 1 mokasaHo BiaMsSHHUE JUINTEIBHOCTH MMITYJIbCA Ha
IIPUEM 3X0-CUTHAJIOB OT OJHOT'O U TOTro e OkHero oowvekTa. [lpu Oomblieil JIUTENbHOCTH UM-
nynbca (T,) moBbIlIEHHAass MHTEHCUBHOCTH peBepOepaluu ¢ rIyOOKUMU (QUIIOKTyarusiMu (koneba-
HUSIMHM) MacKUpyeT CUTHAJI U BBIIEIUTD €ro Upe3BblyaiiHo TpyaHO. [Ipu T HHTEHCUBHOCTH IIyMO-
BOro (hoHa CHIKEHA M ee KoJieOaHMs HEe3HAYMTENIbHBL: 9XO-CUTHAJ (PUKCUPYETCsS UHIUKATOPaMH.
CnenoBaTenbHO, IEPEKIIOUYECHUEM JUINTEIBHOCTH 30HIUPYIOLIET0 UMITYIbCa MOKHO JOOUTHCS OIl-
TUMaJIbHBIX YCJIOBUH JUIsl OOHAPY KEHUsI KOCSKOB PBIOBI, PACHOI0KEHHBIX HEJAJIEKO OT CyIHA.

B nenax nmoBbIIEHUS] TOMEXOYCTOMYMBOCTH THIPOIOKATOPOB MPUMEHSIOTCS CIIEUATbHbIE
yCTpoiicTBa, Takue Kak «BAPY», «APY», »benas nunusa», «Cepas muaus», «KoHTypHast TMHUAS»
U Jpyrue, KOTOpPbIE MO3BOJISAIOT YBEIUYUTh BO3MOKHOCTH PErHCTPAIK PhIObI IPHU MOBBIIIEHHOM
YPOBHE IIOMEX.

Ha puc. 2 mpencraBieHa tumoBas cxeMma, oOecrneunBaromias padoTy HpUEMHOrO TpakTa
["APIIII B pexumax «benas nuaus», «{Ho» u « KoHTypHas nuHus».
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Puc. 2. Cxema popmMupoBaHHs HMITYIIHECOB IS PEKUMOB «benas muausy, «{Ho» n «KoHTypHas ITHHAS

Taxum oOpa3om, Ha A (HEKTUBHOCTH MOMCKA PHIOBI OTPHUIIATEIIBHO BIUSIOT PA3IMYHOTO pojaa
MIOMEXH, BBI3bIBAEMbIC TTOCTOPOHHUMH HCTOUYHUKAMH 3BYKa, & TAKXKe CBSI3aHHBIE C COOCTBEHHBIM
U3Ty4EHUEM CTaHIUH.

IToBeicuTh IOMexoycToiunBocTh "APIIII MOkHO onTUMHU3aLMEN TapaMETPOB CaMOI0 MpH-
0opa B pa3IMuYHBIX PEKHMMaxX U HMCIOJIb30BAaHHEM CIELMAIbHBIX YCTPOHCTB, TAKHUX KaK CXEMBI
BAPY, «benas nunus», «KontrypHas nuHus», «Cepast TUHUSI», 3JEKTPOHHBIX 3alIOMHHAIOIINX
YCTPOMCTB H T.1I.

Cnmcox uCcnob30BaHHOM JIUTEPATYPHI

1. Bykatsiiit B.M. IIpombiciioBast ruipoakycTuka u peroosokanus. M., 2005.

2. Nonrux B.H. [Ipuknannas runpoaxkycruka. Bnagusoctok, 2005.

3. KoroB I'.T'"., bynax E.I'. OCHOBBI TeOpHH TUIPOAKYCTHKH U PHIOOTTPOMBICIOBBIEC PUOOPHI.
BnaguBocrok: J{anspeioBTy3, 2011.

4. IIpoctakoB A.JI. 'mapoakyctuka u kopadms. JI.: Cynoctpoenue, 1997.

26



S.A. Polynov, K.V. Kunev
Dalrybvtuz, Vladivostok, Russia

IMPROVEMENT OF HYDROACOUSTIC INTERFERENCE
FISHERY INSTRUMENTS

The volume of a priori information is always in practice limited and in many respectsis determined
by the noise immunity of the hydroacoustic device.

Cgenenusi 00 aBropax: [lomeiHoB Cepreit Anekcanaposuy, CBc-315, e-mail: sergio
38835@gmail.com;
Kynés Koncrantun BanepbeBuy, CBc-315, e-mail: kostya5 92@mail.ru

YK 551.515.2 (265.5)

A.B. ITonkparoB
Hayunslii pykoBoaureins — JI.LW. Me3eHieBa, KaHI. Teorp. HayK, JOLCHT
OI'BOY BO «/lanspei0oBTY3», BraguBoctok, Poccus

BJIMAHUE TPOIMMYECKHUX HUKJIOHOB HA ITIOT'OAHBIE YCJIOBHSI B MOPSIX
JAJIBHEBOCTOYHOI'O BACCEMHA

O606wenvl céederusi 0 MPORUYECKUX YUKIIOHAX cesepo-3anadnoil vacmu Tuxoeo oxkeana, 6nusiouwux
Ha nozoowusle yciosus mopetl /larvnesocmounozo baccetna. llpusedena cmamucmuxa Yucia 6vixo008
matihynos Ha 0anrbHeBOCMOYHbBIE MOPSL U NpuLe2arwue meppumopuu, ux 21youna, mpaeKmopuu cmeue-
HUS, paouycvl WMOPMOBOU 30Hbl, Ce30HHbIe 0COOEHHOCT.

Tpormmyeckue ukiaoHs! (TL]) OTHOCATCS K OTOAHBIM CHCTEMaM CHHONTHYECKOTO MaciuTabda
C UMKJIOHUYECKUM BpalleHHeM Bo3ayxa. OHM BO3HHKAIOT U pPa3BUBAIOTCS B TPOIIMYECKUX IIUPO-
Tax HaJl OKEAHOM M OOBIYHO YETKO BBIJCISIOTCS KaK OTAENbHBIE IepeMelaronecss o0pa3oBaHus
B MOJIIX OOJIAYHOCTH, BETPA, MPU3EMHOTO JAaBJICHHS, TEMIEPATYyphl, BIAKHOCTH BO3/1yXa U Ocajl-
kax. [loguepkrBas UX CyIIECTBEHHbIE OTJIMYHUS OT UKJIOHOB YMEPEHHBIX IIUPOT, YACTO YKAa3bl-
BAIOT Ha UX HE(POHTAIBHOE MPOUCXOXKICHHUE U 3apOXKJAECHUE TOJIbKO Haj okeaHamu. Tpomude-
CKH€ IIUKJIOHBI UMEIOT POpMY, OITHM3KYIO K MPaBHILHON KOHIIEHTPUIECKOIH Majoro paamyca.

Knumaronoruueckue cBeieHus O TalyHax MMEIOT OOJbIIOE 3HAUYEHHE NPU COCTABICHUU
HABUTAIIMOHHBIX ITOCOOHA, TUTAHUPOBAaHHH MOPCKUX MEPEBO30K, BHIOOPE pailOHOB MPOMBICTA, 00-
CIIy>KHBaHUM CYJIOB PEKOMEHJ0BAaHHBIMHU Kypcamu. He MeHee BaXkHyIO pOjib UTPAIOT 3TH TaHHbIE
W JJI Hay4YHBIX HCCIIEOBAHUMN, CBSA3aHHBIX C Pa3pabOTKOW METO/I0OB IMPOTrHO3a MEpeMelleHus,
HBOJIIOLMM U TIOBTOPSIEMOCTH Tail(pyHOB.

B nacrosimeit pabore 0000mIeHbI cBeieHUsI 00 OCOOCHHOCTAX Pa3BUTHSA TPOIMYECKHUX ITH-
KJIOHOB CEBEpO-3alaJHoOi yacTu THUXOro okeaHa, BIUSIOIIMX HA MOToJHbIE ycioBus [lanbHEBO-
CTOYHOTO OacceifHa.

Tponuyeckre HUKIOHBI BO3HUKAIOT TJABHBIM 00pa3oM B 00JIACTH BHYTPUTPONUYECKOH 30-
Hbl KOHBEPIeHIUH, B 30HE CXOJAMMOCTH MACCaTHBIX TEUEHUH, HaJ| IEPETPETHIMU OKEAHUYECKUMU
oBEpXHOCTAMU. [IpHy 3TOM 30Ha KOHBEPreHIIMHU AO0JKHA HAXOAUTHCS HE MEHee YyeM B 5° oT HKBa-
Topa (B MojaBistoNIeM OOJILIIMHCTBE CiIydaeB He MeHee 4eM B 10° oT 3kBaTOpa), 4TOOBI OTKJIO-
Hsto1as cuiia Bpamenus 3emnu (cuna Kopuonuca) Obuia qoctaToyHo Benuka [1, 2].

OOBIYHO TPONMUYECKHE LIMKJIOHBI UMEIOT HEOOJBIION 110 CPAaBHEHUIO C APYTUMHU LIMKJIOHAMU
pa3mep, coctaBisromuil okono 200-300 kM B AMamMeTpe, B TO K€ BpeMs AABJICHUE B LEHTPE LIU-
KJoHa omyckaercs 10 950, maorma u mo 900 rlla. Oba >THX dakTopa 0OECIeYnBaOT OYEHBb
OosblIve Oapuyeckue rpaJueHThl. BeTprl nocTurarot cuisl mrtopMa 1 yparaa. Cuna Kopuonu-
ca (OTKJIOHSIOWIAsl CHJIa BpallleHUsl 3eMJIN) SBJIIETCS NPUYUHOW BO3HUKHOBEHHUS BpallleHUs BO3-
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JlyXa B LIUKJIOHE, CJIEJ0BATEIbHO, BETPHI B TPOIMYECKUX HUKIOHAX CeBEpPHOI0 MOTyIIapHsl AyIOT
MIPOTUB YacoBOU cTpenku, a KOxkHOro momymapus — o 4yacoBoii ctpenke. [lo BeicoTe Tpommue-
CKHI IIUKJIOH pacrpocTpansercs 10 16—18 kM U qocTUraeT ypoBHs TPOMUYECKOMN TPOIMOMNay3bl.

B ceBepHoit yactu Tuxoro okeana Tpomuueckue IHUKIOHBI BCTpedaroTcst oT OeperoB LleH-
TpaJIbHOM AMEepHKH 10 A3MAaTCKOro MaTepuka. 30Ha BOZHUKHOBEHUS Tali(pyHOB B OCHOBHOM OT-
panudeHa 5 u 20° c.i1., X0Ts OTJENbHbIE TPOMMMUYECKHUE IIUKIOHBI MOTYT BO3HUKATh HAa 2—5 M Ha
30° c.u1. B ceBepHoit ywactu Tuxoro okeaHa MOXHO BBIJIEIUTH TPU paiioHa BOSHUKHOBEHHUS TpO-
MUYECKUX IUKIOHOB: Mexay DununnuHckuMu U MapuaHCKUMU OCTpOBaMu, B paiione ['aBaii-
CKHX OCTpOBOB U Mexay 90 u 125° 3.11.

Tponuueckue ukiaoHbl B CeBepHOM MOMYMIAPHHA C MOMEHTA UX BO3HUKHOBEHUS CMEIAIOT-
cs Ha 3amaj], ceBepo-3amnan co ckopoctamu 10—15 y3mnoB. JIoCTUTHYB TOYKM TTOBOpPOTA BOJIU3HU
TpornukoB Paka u Kosepora, riie ux cKkopocTh ABMKEHUS elIé MEHbIIIE, OHU TTOBOPAUMBAIOT U J1a-
Jiee IBIKYTCS K CeBepy, ceBepo-BocTOKy (puc. 1) [2]. Ilocne moBopoTa Ha y4acTKe TPaeKTOPHUH,
HAIPaBIEHHOM K CEBEPO-BOCTOKY, CKOPOCTh MepEeMEIICHUs Tail(hyHOB BO3pACTAET 10 TeX ke 3Ha-
YEHUH, YTO M Y BHETPOITMYCCKUX MUKIOHOB (110 3050 kMm/9). B cirydae BbIXOoa HA MaTepUK CKO-
POCTh ABMXEHUS TPOIIMYECKUX LIUKIOHOB, KaK MPaBUIIO, PE3KO YMEHBIIIAETCS.

PAMOHBI ; ; BEN
BO3HUKHOBEHUA | : e o
u [IYTH TAN®YHOB : il w‘*“‘ﬁ e
s i
N0 1100 kn & ‘“.,_ﬂ_"\
s Pan ; mponasaoeck
B T:ﬂ;;:):oanunuoseuun : -'I{: amexu
et [1yTH TaRyHOB

Puc. 1. PaiioHbI BO3HUKHOBEHUS 1 ITyTH Tali(PyHOB ceBepo-3amaaHoi 9actn TUXoro okeaHa

[lepememnienue TaiipyHOB ompenenseTcs BHICOTHBIMU BO3AYIIHBIMU T€UEHHUsIMHU. B Hauanb-
HOU CTauu pa3BUTUA TPOIIHNYCCKUX BI/IXpel\/JI X JABUIKCHUC ONPCACIIACTCA BBICOTHBIMU BOCTOY-
HBIMH BETpaMU TPONHUYECKOM 30HBI Ha IOKHON mnepudepuu cyOTPONUYECKOr0 aHTHUIMKIOHA
(BOMM3M KOTOPOI OHU BO3HUKAIOT). [103TOMY OT MecTa CBOET0 3apOKISHUS MEX Ty MapasliesiMu
10—20° c.m. TponuyecKrue UMKJIOHBI JIBMXKYTCS Ha 3amajl. JTOT YYaCTOK TPACKTOPUU MPHUHSITO
Ha3bIBaTh MPSIMOM BETBBIO. 3areM, orubas cyOTpONMHMYECKHE AHTUIUKIOHBI, elas MOBOPOT B
CBOEM JIBIJKEHUH, TPOMHYECKHE LMKIOHBI CEBEpO-3amagHoi yacTH THXOro okeaHa HaYMHAIOT
MEepPEeMEeIaThCs Ha CEBEPO-BOCTOK M BOCTOK B HAIPABJICHHUU BEAYIIETO MOTOKA YK€ CEBEPHOM
nepudepun CyoTpONMYECKOTo aHTUIMKIOHA. OOBIYHO CYOTPONMUYECKUE aHTUITUKIOHBI TIPOCTHU-
paroTCsl 10 3amagHbIX YacTel OKEaHOB, MOATOMY TPOMHYECKHUE ITMKIOHBI 9acTO MOBOPAYMBAIOT
MMEHHO 3J1ech. Ecim e B CTpOEHUH aHTULIMKIOHOB HAOJIOIAI0TCS Pa3pbIBbl, TOBOPOT M BBIXOJ]
TPOIMYECKUX ITUKIIOHOB B YMEPEHHBIE IIMPOTHI OKA3bIBACTCS Y)KE HE Ha 3arajie OKeaHOB, a BOC-
TO4YHEe, OJMKE K 04ary 3apokJIeHusl. DTOT BUJ TPACKTOPUHU Ha3bIBaeTCs MapaboInYECKUM.
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Ecnu Hayj okeaHOM CyOTpONMYECKHA aHTHIIMKIIOH OKa3bIBACTCS COSIUHCHHBIM C MaTePUKO-
BBIM, TO TPOMUYECKHE [IUKIOHBI YK€ HE MOTYT MPOUTU B BHICOKHE IIUPOTHI U JBUKYTCS TOIHKO
Ha 3amaj, BEIXOS Ha CYIITy, IPOU3BOJIS CTPAITHBIC Pa3pyIICHHS U OBICTPO 3aTyXasl.

[IpumepHO B MONIOBUHE clyyaeB Tall(pyHBI ceBepHOM yacTu THXOro okeaHa ABMXKYTCS IO
TPAEKTOPHSAM C OJTHOM MPSIMOIl BETBBIO, HECKOJIKO peke (B OJTHOM TPETH CIydyaeB) — IO mapado-
JUYECKUM TpaeKTopusM. JIBM>KeHHE MO OJHOW OOpaTHOM BETBH W C METICOOPa3HBIMU TPACKTO-
pusmu HaboaeTces eme pexe (puc. 2) [3, 4].

Haubonpiryro omacHOCTh Afii MoperiaBaTelleld MPEICTaBISIIOT TPOMHYECKHE LUKIOHBI,
CMEIIAIOINECcs] HEe MO «CTAaHAapPTHBIM» TpaeKTopusM. «TonTaHue» NIUKIOHA HAa MECTe, pe3Koe
M3MEHEHHUE HaIPaBJICHUS €r0 CMEIICHHS CO3/Ial0T OIpeieTICHHbIE TPYIHOCTH MPU MaHEBPUPOBa-
HUU BOJIM3H OTIACHON OJTM30CTH K Tal(hyHY.

v

Puc. 2. Ilytu nepemerneHus: TPOMMYESCKUX ITUKIOHOB B CeBEpO-3anaaHoil yactu Tuxoro okeana B 2017 r.
(3amMmcTBOBaHO ¢ www.weather.unisys.com/hurricane)

Knumatonornueckue XapakTepUCTHKN TpomueckuX 1ukiIoHoB (TLI), okazaBimx Bo3aencT-
BHE€ Ha NOroAy AAJIbHEBOCTOYHBIX MOpPEW W MPUJIECTalOLIUX TEPPUTOPHUH, MOTYUYEHbI HA OCHOBE
JaHHbIX 3a nepuoa 1961-2017 rr. [5].

CpenHsisi IpOAOIKUTEIBLHOCTh CYIIECTBOBAHUS Tall(yHOB ceBepo-3amaaHoil yactu Tuxoro
oKkeaHa — 6—8 cyT, MakcuMasibHas — 18 cyT. 3a MpoAOIKUTEIBHOCTD KU3HU Tal(pyHa MpUHUMAIT-
Csl IEPHUOJ OT CTAAUU TPOMUIECKOTO MITOPMA JI0 MOMEHTA JUCCHUITAINU Tal(yHA B TPOTIMKAX WU
yMepeHHbIX mupoTtax. Hanbomnpas npogomKUTeIbHOCTD KU3HA HAOII0AaeTcs y TeX TailhyHOoB,
KOTOPBIC BBIXOJST B YMEPEHHBIC MIUPOTHI U TPAHCHOPMHUPYIOTCS B IIUKIOHBI YMEPEHHBIX IIUPOT,
npuoOpeTasi TOPU30OHTAIBHYI0 TEPMUYECKYIO acuMMeTputo [4, 5].

3a ykaszanHblil nepuona Ha ansHuit Boctok Poccun Bbiuwin 287 TponMuecKUX IUKIOHOB.
[Ipu ananuze Mo JECATHIETUSM MOXHO HaOIIOAaTh pe3Kkoe yMeHbllIeHue uucia Bbixoaa TL]
ot 1961—-1970 rr. (52) x 1971—-1980 rr. (45), 3aTeM HEKOTOpPOE YBEIUYECHHE HMX KOJIUYECTBA K
1981-1990 rr. (50). B Teuenue aecatmneruss 2001-2010 rr. oTrMedanoch YMEHBIICHHE YHCTIA
Bbix0J10B T Ha {aneuuii Bocrok no 37 ciyuaeB. C 2011 mo 2017 r. Ha poccuiickuii lanbHuit
BocTtok Bo3aeiictBoBano 55 TL, T.e. BHOBb MPOCIIEKUBAETCS TEHIACHIMS K POCTY YHCia TPOIH-
YECKUX IIUKIJIOHOB.

[To manHbIM TabOnumBl BUAHO, uyTO Bo3neicTBue Tl Ha moronay JlanpHero Boctoka Poccum
BO3MOYKHO C arpenst 1o aekadpb. Hanbomnee BeposTeH ux Boixoa B aBrycte (37,4 %) u B ceHTs0pe
(30,4 %). Ha utonb, uronb 1 OKTSIOph puxoauTcsi coorBeTcTBeHHO 6,0, 11,3 u 12,5 % cimydaeB
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Bbixoaa TLI. Bepostnocts Beixona TLl Ha peruons! /IB B ampene u aexabpe cocrasiusier 0,3 %
ciydaes, a ¢ siHBaps 1o mapT Tl He BbIxoauaM Ha poccuiickuii Jansauit Boctok. 9T 0c06eH-
HOCTH OOBSICHSIOTCS CE30HHBIMU HM3MEHEHHMSIMU MECTOIIOJIOKEHUSI CEBEPOTHXOOKEAHCKOTO Cy0-
TPONNYECKOTO0 aHTHLMKIIOHA, BHYTPUTPOINYECKON 30HBI KOHBEPI€HUUHU U 30HBI 3alIaJHOTO IIe-
peHoca yMepeHHBIX upoT CeBepHOro MoJyIIapusl.

CrnenyeTr OTMETHUTH, UTO HE Bce paiioHbl [{anbHero BocToka oAMHAKOBO MOJBEPKEHBI BIIUS-
HUIO TPONMYECKUX LUKIOHOB. Yallle Bcero moJ Ux BO3JEHCTBUEM OKa3blBalOTCs SMMOHCKOE MOpe
(25,4 %), Kypunsckue octposa (17,5 %), Oxorckoe (13,9 %) u bepunroso (12,2 %) mops. Be-
positHocTh Beixoga TLI na IIpumopckuii kpaii cocrasiusier 7,2 %, Ha XabapoBckuii kpait — 3,1 %,
Ha Maramanckyro obnacte — Bcero 1,6 % orHocutensHo Beex TLI, BIUsIOMUX Ha MOTOAHBIC YC-
noBus JlanpHero BocToka.

I[MoBTOpPsiEeMOCTH (YMCAUTEIb — YHCJIO CIy4YaeB, 3HaMeHaTedb — %) Bo3aeiicTBus TL{
Ha MOroy pa3jiMYHbIX pailoHOB poccuiickoro /lanbHero Bocroka mo mecsimam
3a mepuoa 19612017 rr.

Pation Mecsan Bcero
1A% \ VI VII VIII IX X X1 XII

SnoHcKoe Mope 2/1,2 | 14/8,1|24/13,9| 72/41,6 | 49/283 11/6,3 | 1/0,6 173/25,4
[Tpumopckwmii 4/8,2 112/24,5| 18/36,7 | 13/26,5 2/4,1 49/7,2
Kpait
XabapoBckuit 1/4,8 | 15/71,4 5/23,8 21/3,1
Kpai
CaxajauH 4/5,8 | 5/74 | 28/41,2 | 21/30,9 | 10/14,7 68/10,0
Kypuist 1/0,8 | 3/2,5 | 9/7,6 | 12/10,1 | 35/29,4 | 37/31,2 |21/17,6| 1/0,8 119/17,5
KamuaTtka 1/1,6 1/1,6 | 4/6,4 | 19/30,7 | 21/33,9 | 13/21,0 | 2/3,2 | 1/1,6 | 62/9,1
OX0TCKOE MOpe 3/3,2 | 9/9,5 | 34/35,8 | 34/35,8 | 14/14,7 1/1,0 | 95/13,9
Bepunroso mMope 1/1,2] 6/7,2 | 9/10,8 | 28/33,8 | 23/27,7 | 14/16,9 | 2/2,4 83/12,2
MaragaHckas 1/9,1 6/54,5 4/36,4 11/1,6
00J1acTh
Bcero Bosgeiict- | 2/0,3 | 6/0,9 |141/6,0|77/11,3 | 255/7,3 | 207/30,4 | 85/12,5 | 6/09 | 2/0,3 | 681/100
Buii Ha /IB

Ha SImonckoe Mope Tponuyeckue MUKJIOHBI BBIXOAAT ¢ Mas 1o HOsIOph, B 83,8 % uX BBIXOJ
oTMevaeTcs B urosie—ceHTsaope. [Ipumopckuii kpait moasepxkeH BiusiHUIO T1] B nroHE—OKTIOpE C
MaKCUMYMOM TOBTOpsieMocTH B aBrycte (36,7 %). Ha XabapoBckuii kpaii 3a paccMaTpuBaeMblit
nepuop Beixoawio 21 TII, 6onee yem B 70 % citydaeB OHU BBIXOJWIH B aBrycTe (Tabiuia).

Ha Caxanun 3a nepuop ucciaenoBanuii okazanu Biausaue 68 TLI. Yame Bcero oHu BBIXOAUIN
B aBrycte—ceHTs0pe (72,1 %). Ha Kypunbsckue octpoBa Bo3moskeH Bbixo TL] ¢ anpens mo cen-
TAOph ¢ MAaKCUMaJbHOW BEPOATHOCTHIO B aBrycTe—ceHTs0pe (61,3 %). Enunnunbie Boixoasr T1]
Ha KamuaTky 3apeructpupoBaHbl B ampene, uoHe U aekadpe. OnHako Hanbosee yacTo MojyocT-
poB noxaseprkeH Boixony TL B aBrycre—centaope (64,6 %).

MakcumanbHoe unciio BbixoaoB (73,8 %) Ha OX0TCKOe MOpe MPUXOAUTCS TaKKe Ha aBryCT—
CEHTSAOPh, MPUYEM C OJMHAKOBOUM BeposTHOCTHIO (10 35,8 %). B mepuon ¢ HosiOps mo mait (3a
UCcKIIIoUeHHeM | cimydas B nekadpe) Ha OxoTckoe Mope Tai(yHbI He BBIXOAWIN. bepuHroBo Mope
Haubosee nmoaBepskeHo BozaerictButo T1 B aBrycte (33,8 %) u cenrsdpe (27,7 %). Ha Maranan-
CKYIO 00JIaCTh 3a paccMaTpHBaeMblil EPHOJ] OKazano Bo3jaeiicTBue Bcero 11 taiiyHOB ¢ Makcu-
MyMOM BBIXOIOB B aBrycTe u ceHTsaope (67,8 %) [5].

CpenHsisi IpoAOHKUTEIBHOCTh CYIIECTBOBAHUS STUX TallPyHOB cocTaBnseT 11 aHei, a Mak-
cumanbHas — 18 gHeil. MuHuManbpHOE JaBJeHHE, HAOMIOAaBIIeecs B TailyHax, BEIXOAUBIIUX HA
Hansauit BocTok, konebnercs B mupokux npeaenax (885-980 rlla) [5].

JlaBneHue B LIeHTpax TallpyHOB, BeIXOAAMIMX Ha fAnoHckoe Mope u IIpumopckuii kpail, Ko-
nebnetcs B mpenenax 960-1005 rlla. B 50 % cnyuyaeB naBnenue B nentpax TL[ — oxomno 990-
1000 rlIa.
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Panuycer talipynos paznuuss! (or 100 1o 900 km). Paguyc mropmMoBoii 30HBI (pacCTOsTHUE
OT IIeHTpa TalyHa 10 TpaHUIbl 6-0aIbHOTO BeTpa) HaxoauTcs B mpenenax ot 100 mo 400 kwm.
B oTHOCHTENBEHO XOpOIIO Pa3BUTHIX Tal(yHax ¢ JIaBieHHWEM B IieHTpe Hipke 995 rlla pamgumyc
mTopMoBO# 30HbI focturaet 800—900 km [5].

[Iponenannas paboTa MO3BOJISET CAENATh CIAEAYIOIINE MPAKTHUYECKUE U HAyYHbIC BHIBOJIBL.

BosneiictBue TaiiyHOB Ha 1albHEBOCTOYHBIE MOPSI CUCTEMATHYECKU MPOSIBIISICTCS B TIEPH-
OJ1 C HIOHS 1O OKTAOph, M3peaka — B Mae U HosA0pe. Hanbonee yacTto BBIXOJ TPONMUYECKUX LIH-
KJIOHOB OCYIIECTBIISIETCSI B aBTYCTE—CEHTSOpE, C sTHBaps 1Mo MapT 3a nepuoxa ¢ 1961 r. mo Ha-
crosiiee Bpems TLl He BBIXOAMIH. DTH OCOOCHHOCTH OOYCIIOBJIEHBI CE30HHBIMU U3MEHEHUSIMU
COCTOSIHUSI ¥ TIOJIOKECHHS CyOTPOITMYECKOT0 MaKCHUMyMa, BHYTPUTPOIIMYECKON 30HBI KOHBEPTeH-
LMY 1 30HBI 3aI1aIHOTO IIEPEHOCA YMEPEHHBIX MUPOT CEBEPHOTO MOTyIIApHs.

JlaBneHue B IIEHTpax Tai(yHOB, BBIXOAALIMX Ha AAJbHEBOCTOYHbBIE MOps, KojeOiercs B
npenenax 960-1005 rlla. B 50 % ciayuaes naBnenue B nenrpax TL[ — okono 990-1000 rlTa.

Pangnyc mTopMOBOM 30HBI TPONMYECKUX LMKJIOHOB B IIEPHOJ BO3ACUCTBUSA HA JTaJIbHEBO-
cTouHble Mopsi HaxoauTcs B npenenax 100—400 km. B oTHOCHTETBHO XOPOIIO Pa3BUTHIX Ta]y-
Hax ¢ JaBJIeHHEM B LieHTpe Hke 995 rlla panuyc mropmosoii 30861 gocturaetr 800—900 km.
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IN THE SEAS OF THE FAR EASTERN BASIN

The information on tropical cyclones of the northwestern part of the Pacific Ocean influencing the
weather conditions of the seas of the Far Eastern basin is generalized. The statistics of the number of ty-
phoon outflows to the Far East seas and adjacent territories, their depth, displacement trajectories, storm
zone radii, and seasonal features are given.
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ABAPHUUN HA CYJAX

Hpuuunamu asapuiinblx cumyayuti Ha 600e 6ce20a OblLIU: MOPCKAs CMUXUS, NOAOMKA MEXHUKU U
ouubouHble OelcmEUs Yel06eKd.
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K Hanbonee tsoxensiM nocneactsusiM npu YC Ha BOJHOM TPaHCIOPTE MOKHO OTHECTH:

® B3pBIBBI OMACHBIX I'PY30B, MPUBOISAIIME K THOETH ACCaXUPOB M KUMAXKEH CyZ0B, paboT-
HUKOB ITOPTOB U MPUCTAHEH;

® [I0’Kapbl Ha TPY30BBIX, MACCAKUPCKUX, MPOMBICIOBBIX U OCOOCHHO HE(TEHAIMBHBIX CY-
Jlax, MPUBOJAIINE K TEM K€ MOCIEICTBHIM;

® pa3nuB HE(PTENPOAYKTOB, 00pa3oBaHHE KPYIHBIX HEPTSIHBIX MSATEH HAa aKBATOPUU MODPS U
noOepexbe, YHUITOXKEHUE TUISHKEH, HAaHeCEHHE OTPOMHOTO HKOJIOTHYECKOTo yIiepda OKpysKaro-
e cpene;

® OrPOMHBIN MaTepHajbHbIHN yiepO MOPCKOMY, PEYHOMY U IIPOMBICIIOBOMY (DIIOTY.

Opranuzanus 1 OKa3aHue MOMOIIX TEPISIIUM OCICTBHE CyJaM OTIMYAIOTCS UCKIIIOYUTEIb-
HOMW CJI0)KHOCTBIO, 3aTPYAHEHBI PO3BICK MOPAXKEHHBIX JIIOJIEH M OKa3aHUE UM MEAMULMHCKOW MO-
MOIILH.

B pe3ynbrare Mopckux kaTacTpod €xeromaHo B Mupe norudaet okosio 200 ThIC. Ye., U3 HUX
50 ThIC. — HEMOCPEJCTBEHHO B BOZE Mocie Kopabnekpymienus, a 50 Teic. morubaer Ha craca-
TEJIBHBIX CPEJICTBAX B YCIOBHSIX, HE SIBIIIOLIMXCS HA CAMOM JieJie upe3BblYaiiHbIMU. OCTalbHbIE
THOHYT BMECTE C IMOTEPIEBIIUMH OS/ICTBUE CyAaMHU B KOPAOIIIMHU.

B kavecTtBe mprMepoB MacCOBOW THOENH JTI0JeH MOXKHO npuBecTH cieayromme YC Ha BOJ-
HOM TpaHCIOpPTE:

e y OeperoB fnoHuu 3aToHyJ AnoHCKUM mapom «Tolis mapy», moru6no 1172 naccaxupa;

e [Ipu CTOJIKHOBEHUHU cyxorpy3a «Ilerp BaceB» ¢ maccaxxupckum naitHepom «Aamupan Ha-
xuMoB» BOsm3Ku HoBopoccuiicka noru6no 423 naccaxupa;

e y OeperoB benbrun onpokunyics U 3aToHyJ Oputanckuii mapom «lepanbn op Ppu DH-
Tepmpaiiz», morudso 209 gen., mponano 6e3 Bectu 164, ciaceno 349 naccaxupos;

e B bantuiickom Mope 3aTOHYJ mapoM «ICTOHUS», BCIASACTBUE yero norudso 6osee 1000
qel.

Kpome «4ncto» MOpCKUX MPOUCHIECTBUI MMEIOT MECTO MPOMBILIUIEHHO-TPAHCIIOPTHHIE Ka-
TacTpo(dbl ¢ MACCOBBIMU CAHUTAPHBIMU U KOJIOCCAJIbHBIMU MaTe€pHaIbHBIMH MTOTEPSIMH.

Tax, B 1917 r. B nopty l'anudaxc (Kanana) napoxon «MoHOIaH» CTOJIKHYJICS € TAPOX0JIOM
«Mmo». BeneactBue 3toro croiakHoBeHUs: « MoHOIaH» B30pBajcs, TaK Kak B €ro TpoMax ObLIO
200 T TpuHUTpOTONIYOHaa, 2300 T TUKPUHOBOM KUCIOTHI, 35 T 6eH301a, 10 T MOPOXOBOTO XJIOMKA.
B pesynbrare Tpareauu nmorubiao 1963 yen., 6onee 2000 mpomnano 6e3 BecTH, Topo ObLT MPaKTH-
YECKU YHUUYTOXKEH, 25 ThIC. )KUTENEH ocTanuch 0e3 KpoBa. T0 ObUI caMblil MOLTHBIN B3pPbIB B HUC-
TOPHUH YEJIOBEUECTBA O MOMEHTA CO3/1aHUSI aTOMHOI OOMOBI.

Ha peiine bomGest B 1942 . B30pBalioch aHTIHiCKOe rpy30Boe cynHO «Dopr-Craiikuny
300 T TpurHTpoTONyOona u 1395 T GoenmpumacoB Ha 60pTy. B pe3ynbraTe ABYX BO3HUKIINX T'H-
TaHTCKUX BOJIH ObUTO pa30MTO M MOBPEXKIEHO 50 KPYIHBIX CYI0B, 3aropesiock 12 cyaoB, moruodiio
1500 u paneno 6onee 3000 yen.; mpaKTUYECKU CMETEHBI MMOPT U 4aCcTh TOPOJA.

JIrobas YC Ha Bozie XapaKTepu3yeTcs N30JIUPOBAHHOCTBIO JIIOJIEH, B TOM YKCJIE U TIOPAXKEH-
HBIX, OTHOCUTEJIBHON CKYJIOCTBIO CHACATENbHBIX CPEJCTB M CHJI MEJUIIMHCKOM MOMOIIH, BO3-
MO>KHOCTbIO BO3HUKHOBEHMSI ITAHUKH Cpeln Teprsuux oenctaue moaei. [Ipu 3ToMm BO3MOXKHBI-
MU BHJIAMH MTOPAKEHUI MOTYT OBITh: MEXaHUYECKHE TPAaBMbl, TEPMHUUECKUE 0XKOTH, OCTPBIE XHU-
MHUYECKHE OTPABJIICHHUS, TIEPEOXIIAKICHHUS B BOJIE, yTOIUIEHU. OOBIYHO MOCIEACTBUS KaTacTpod
OLIEHUBAIOT 10 YUCIY MOTHOMIMX M KOJIWYECTBY PAHEHBIX, XOTS B YUCIIO MOCTPAJABIIUX BXOIAT
TaK)Ke JIIOJH, EPEHECIINE TKENYI0 IICUXUYECKYIO TPaBMYy, U JIFOAH, Ha KOTOPhIX CaMbIM HeOula-
TONPUATHBIM 00Pa30M CKazalMCh 3KCTpEeMallbHble ycloBHs BHewIHel cpenpl B UC (HM3Kas WU
BBbICOKasl TeMIIepaTypa, BETep U Ip.).

BonbmnHCTBO KpyHHBIX aBapuil M KatacTpod Ha cyAax HPOMCXOJUT IOJA BO3JIEHCTBHEM
yparaHoB, IITOPMOB, TYMaHOB, JIbJIOB, a TaK)X€ 110 BUHE JIIOJCH — KallUTaHOB, JIOLIMAHOB U YJie-
HOB JKUIIaXA.

OcTaBneHue cyiHa IPU aBapuu WK KOpaOJIeKpyIEHUH TPOU3BOIUTCS TOJIBKO MO YKa3aHHUIO
KaIluTaHa.
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OH oTHaeT Takoe pacrmopsHKEHUE B CICTYIONINX CIydasX:

® UMEIOTCS SIBHBIE IPU3HAKK HACTyMAloMIel rudenu cynHa (OmacHbIi KpeH, BXOA B BOJY T1a-
TyObl, KOPMBI, HOCOBOI 4acTH);

® CyJHO OCTaeTCs Ha IUIaBY, HO PaCIpOCTPAaHEHUE BOABI 110 CYIHY BEJET K €ro 3aTOILICHHIO,
a OCTATOYHBIX CPEJCTB ISl OOPHOBI C BOJIOW IKHITAXK HE UMEET;

® IPOHMCXO/UT CMEUICHUE TPy3a WM 00JIeICHEHNE Cy/JHA, KOTOPOE€ B KOHEYHOM UTOTE IpH-
BEZICT K €ro OMPOKUIBIBAHUIO (OBEPKUIIb), @ SKHUIIAX HE UMEET CPEJCTB OOPHOBI ¢ 00JIeICHEHNEM,
CO CMEIIIEHUEM TPy3a;

® 110 CYJHY PaclpOCTpaHSIETCS MOXKap, a SKUIaX He MMEET CPEICTB /IS €ro JIOKAIH3alud U
JMKBHAILNY;

® 1101 BO3/ICHCTBHEM BETPA, BOJH WM TEUCHHS CYJTHO ApeidyeT Ha pudsl, rIe OHO MOXKET
OBITh Pa30UTO WM ONPOKHHYTO; MPH TOM CYJHO HE MMEET XOJAa WJIH JIMIIEHO BO3MOXXHOCTH
YIPaBIATHCS U HE MOXKET IPOTUBOICHCTBOBATH CTUXHH.

Ha xpymHBIX MOPCKHX M PEUHBIX CyJax BCE JCHCTBHS, CBS3aHHBIC C CAMOCIACEHUEM, CBO-
JSITCSL K BOBMOKHO OoJiee OBICTpOMY BBIXOJy Ha HUTIONOYHYIO May0y M YeTKOMY HCIOTHEHHIO
KOMaH/I 3KHI1aXa, OPraHU3yIOILEro cracaTelbHble paOboTHI.

JeiicTBUSA naccaKUupPoB NPH 00bABJICHIH HLJIIOIMOYHOH TPEBOIH:

® BLITNOJIHANTE BCEe TPEOOBAHUS YICHOB KOMaH/IbI;

® HAJICHBTE KaK MOXKHO OOJIbIIE TEIUION OJEX[bl, BO3BMUTE JOKYMEHTHI U CIlacaTelbHBIN
KUIIET;

® OBICTPO MPONANTE HA HUTIONOYHYIO Nany0y;

® [I0JITOTOBBTECH K IOCAJIKE B CIIACATENILHOE CPEACTBO.

[lepBBIMH, COTTIACHO CTAPUHHOMY MOPCKOMY IPaBHITy, Ha KOJUIEKTUBHOE CPEIICTBO CIiace-
HUS TIEPEXOMAT JIETH, )KEHILUHBI, paHEHbIE, OCJIA0JIeHHBIE JTI0IU. FIM HE00X0IMMO OpraHU30BaTh
CTPaxXoBKY, JUIS YETO Ha CIIacaTeIbHOE CPEJICTBO MOXKET CITyCTUTHCS OJIMH B3POCIIBIH MY>KUHMHA.

JIronu, OKa3aBIIMECS B CIACATEIHHOM CPEJICTBE TMEPBBIMH, JTOJKHBI CTPAXOBATh €0 OT II0-
BPEXICHUI: OTTAIKNBATHCS BECIIAMH WIIM PyKaMHu OT CyJIHA, OTTOHSTDH MPEACTABIISIONINE YyTPO3y
IUIABAIOIME Ha MOBEPXHOCTH BOJBI MIPEIMETHI, @ TAK)KE TIOMOTaTh CBOMM TOBAapHIIAM.

OcraBneHne THOHYIIETO CyIHA MOKET OCYIIECTBIISTHCS Ha CIACATENBHBIX IUTIONKAX U Ha-
JyBHBIX IUIOTAaX, 3BaKyalue Ha OOPT BepToIeTa-CriacaTessl ¥ MPHDKKOM B BOTY.

OcTaBJjieHHe CyTHA NMPBI)KKOM B BOY:

® OCMOTpPHTE MECTO MIPHUBOTHEHNUS, BIOXHUTE U 33JCP)KUTE JBIXaHHE;

® 10I00POAOK MOJKATh K TPy, HO TOJIOBY CHJIBHO HE HAKJIOHSTh;
® OJTHOM PYKOM 32)KMUTE POT U HOC, APYTOM — OTTSHUTE BHU3 CIIACaTEIbHBIN KUIET (OSKIY);
® TIPBITaTh HOTAMH BHH3, CTYITHU NPHUKATh IPYT K APYTY, HOTH CIIETKA COTHYTh W HANPS4b;
® BBIHBIPHBATH C OTKPHITHIMU IJIa3aMHU U OBICTPO OTILIBIBATH B CTOPOHY OT THOHYIIETO CYIHA.
Temmneparypa | Bpems no Hactyruienus (0e3 Cnoco0 HaxOKIEHUS IIpornosupyemoe
Bozgl, °C CIICIOICIKIBI M CHAPSDKCHMUS) B BOJIE BpeMs BEDKUBAHUS, 1,
noTepu BEPOATHOU npu temmeparype 10 °C
CO3HAHUS CMEpTH
10 15-30 mMun 15 mua—1,5 49 |IlnaBanue 6e3 cracaTeabLHOrO Ho 1,54
JKHUJICTAa
11-12 30-60 muu 124 IInaBanue B criacaTejIbHOM 2
JKHIIETE
13-15 2-4 4 6-8u Haxoxnenue B HEMOABMKHOM Oxkoio 3
1103€ B CIIACAaTEILHOM JKHJIETE
16-18 244 681 Haxoxnenwne B crracaTenbHOM 4
XKUIIeTe (B MOJIOKEHUH CIPYyTI-
MTMPOBABIITNCH)
19-21 3-7u 8—104 Haxoxnenue B Bojie rpymniibl B 4
26 124 BesomacHo i | cmacaTeabHBIX XKUIIETaX, TECHO
JKH3HHU MIPYKABIIHCH IPYT K APYTY
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IIpu oTcyTCTBHM cHacaTeIbHBIX CPeICTB, HAXOIACh B BOJIE, MMOJABANWTE CUTHAJIbI CBUCT-
KOM (€CJIH BBl B JKWJIETE) UM MOJHATHEM pYyKH. JIBUTaliTeCh KaKk MOXHO MEHbIIIE, YTOOBI COXpa-
HUTH TEIUIO0. B crmacaTenbsHOM XKHJIETe IS 3TOr0 CrpyNnmupyitech, 00XBaTUTE pyKaMu ¢ OOKOB
IPyJHYIO KJIETKY M MOAHMMHUTE Oeqpa MOBBIIIE, YTOOBI BOJa MEHBIIE OMbIBajla 00JIACTh IMaxa.
DTOT crocod YBETUYUT PACUETHBIA CPOK BEDKMBAHMS B XOJIOAHOM Bojie mouTH Ha 50 %.

Cpoku BBIKHBAHUS YeJI0BEKa B BOJe B 3aBHCHUMOCTH OT €e TeMIIepaTypbl

IIpu HaxokaeHMH HA cHacaTeJbHOM CpPeACTBe NIPUMUTE TAaOJIETKU OT MOPCKOM OOJIe3HH.
s coepexxeHus Teria HaXOUTECh OJIMKE K APYTUM MOCTpaaBLInM, AenaiTe Gpusnueckue y-
paXKHEHUSI.

Jlep)xute HOrM IO BO3MOYKHOCTH CyXHMH. PeryiasipHO MOJHMMAaWTe W JBUTAWTE UMU U
CHSTHSI OTeYHOCTH. HUKOT1a HE elTe MOPCKYIO BOLY.

Ynotpebnsiite B nenp He O6onee 500-600 mu BoAbI, pa3einuB UX HA MHOTOYHCIICHHBIC Ma-
JIbI€ JT03BI C IPUEMOM CaMOM OOJIBILION JO3bI BEYEPOM.

[MuTaiiTech TONBKO aBapuiHBIM 3amacoM nuiu. CoxpaHsSWTe IbIMOBBIE LIAIIKU (CUTHAIIb-
HBIE PaKeThl) O MOMEHTA, KOT/Ia MOSBUTCS peaibHasi BO3MOXKHOCTh TOTO, YTO CUTHAJ, MOJaHHBIN
BaMH, 3aMeTAT. [lopydnTe ogauy cBETOBBIX CUTHAJIOB OJHOMY UYEJIOBEKY.

[Ipu mro6oM aBapuiiHOM citydae OOJBIIOE 3HAYCHHE MMEIOT IICHXOJIOTHYECKHW (akTop, a
TaK)kKe MOJATOTOBJICHHOCTH JIIOJIEH K CYJOBBIM OOCTOSITENILCTBAM aBapHH, UX MPO(ecCHOHATU3M,
OMBIT U 3HAHMUSL.
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2. https://fireman.club/statyi-polzovateley/avarii-na-vodnom-transporte-vidyi-prichinyi-i-
poryadok-deystviy/.

3. http://zinref.ru/razdel/037000hrana truda/004.htm.

A.E. Fedoseenko, Yu.A. Danilova
Dalrybvtuz, Vladivostok, Russia

SHIP CRASHES

The causes of accidents on the water have always been: the elements of the sea, the failure of tech-
nology and erroneous human actions.

Cgenenus 00 aBTopax: ®engoceenko Aprem Dayapaosuy, CBc-112;
Hanunnosa FOnusa AnaronseBna, CBc-112, e-mail: danilova2727@gmail.com
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E.1O. Qypues
Hayunsblii pykoBoautens — B.B. 'anHeceH, noueHT
OI'bOY BO «/lanbprioBTY3», BiagusocTok, Poccus

UCCJEJOBAHUE ABAPUMHOCTHU CIIACATEJIbHBIX HLJTIOIIOK

Paccmampusaromes npobremvl agapuiinocmu cnacamenvHbiX WTIONOK: cy0osvle Npoyeoypsl, 80
8peMs KOMopbIX NPOU3OULIU ABAPUL, — A TNAKI’CE NPUYUHDL, NPUBeoulUe K a8apusim.

B MupoBoM (I10TE €KEroHO MPOUCXOAT aBapUITHBIE CITydal CO CIAcaTeIbHBIMH IILTIOTKA-
MU, MHOTHE U3 KOTOPBIX CONPOBOXIAIOTCS TpaBMaMU U ru0eibio mroael. TouHble TaHHbIE TaKOH
aBapUIHOCTH HEU3BECTHBI, TIOCKOJIBKY OOJIBIIMHCTBO aBapHil CyA0BIAEIIbIbI IBITAIOTCS CKPBITH,
YyTOOBI HE TONAATh MO JOMOIHUTEIbHbIE TPOBEPKU U CAHKIUU HA30PHBIX OPraHOB.
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[enpro JaHHOHN pabOTHI SABJSICTCS M3YUYeHUE (PAKTOPOB, BIHUSIONIME HA aBApUUHOCTH CIiaca-
TEbHBIX ILIIONOK, /Ul MPEJOTBPAIICHNUs HECUACTHBIX CIIy4aeB IIyTE€M JTOBEICHHUS pPEe3yJIbTaToOB
MCCIIEIOBaHMS 10 JIUI, MPUYACTHBIX K IKCILTyaTalliu ClacaTeIbHbIX IITIOMNOK.

JlanHoe uccnenoBaHue caenaHo Ha ocHoBe myonukanuit MO [1], cBsI3aHHBIX C paccieno-
BaHMEM aBapuil CHacaTeNbHBIX LUIIONOK, a TAKKe APYTUX OTKPBITHIX MCTOYHHUKOB. B kauecTBe
OCHOBHOT'O MCTOYHHMKA B3AT J0KJIa] oprannzanuu Maritime Accident Casebook «Lifeboat Safety
Survey Preliminary Report: Accident Investigators» 3a 2011 1. [2].

Maritime Accident Casebook (MAC) cymectByet ¢ 2006 r., cotpyaandaetr ¢ UMO, mHOTH-
MU CYJOXOJHBIMU KOMIAHHUSIMH U MPOU3BOAUTEISIMHU 000PYJOBaHUS AJIs CYJIOB C LIETBIO TPOBe-
JeHus uccienoBanuil aBapuitHoctu Ha ¢uote. B 2010 r. MAC 6bu1 ipoBeZieH MacIITaOHBIN OIl-
poc, Kacarmuiics 0e30MacHOCTH CracaTeIbHBIX IITIONOK, HA OCHOBE KOTOPOTO OBbLIT COCTaBIICH
BBINIICYKa3aHHBIN qokIaa. bonee 60 uccienoBaresneit U3 4aCTHOTO U TOCYJaPCTBEHHOTO CEKTOPOB
MIPOBOJIAIIU OTIPOC CPEAM PA3NTHMYHBIX KaTETOPUH JIIOJIEH, CBSI3aHHBIX C MOPEM: MOPSIKOB, pabounx
Ha 1enbde, CyJ0BIaJeNbleB, CTPAaXOBIIMKOB U MPOU3BOAUTENEH CllacaTeIbHOrO 000y 10BaHUS.

N3 26 aBapuiiHBIX clydyaeB C HCIOJIB30BAaHHUEM CIIACaTENbHBIX IUTIONOK, HMCCIEAYEMBIX
MAC, 19 aBapuiiHBIX CilydaeB IIPOU3OLLIN CO IIIIOIKAMHU, CIIyCKa€MbIMHU Ha Jlonapsx, U 7 — co
criacaTeNbHBIMH IUTIONKAMHU, CIYCKaeMbIMU CBOOOIHBIM MAaJCHHEM. JTH aBapUHHBIC CIydau
MIPUBEIH K 2 TOTUOIIMM U § TTOCTPAIaBIIUM WieHaM dKunaxeil. CTaTuCTUKA UCCIEOBaHUS TaH-
HBIX aBapUIHBIX CIIy4acB MOJTBEPHKIAET HEKOTOPBIC OOIIME MPEANOIOKCHHS: aBaPUIHBIE CITy-
yay Ha CHacaTeNIbHBIX HUIIONKAaX BO BpPeMsl YUCHHMH SBISAIOTCS JOMHUHUPYIOIIMMH, @ BO BpeMs
MIPOBEPOK NUTIONOK 3aHUMAIOT BTOPOE MECTO 1o yactote (puc. 1).
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Bo Bpemsa nHcneKkumn Bo Bpema nnaHoBbIX Bo Bpems Bo Bpems yueHuit
ONOK NnpoBepoK obcnyKmBaHuA

Puc. 1. Ilpouenypsl, BO BpeMs KOTOPBIX MPOU3O0LUIA aBapUHHBIE CIydan

[Ipn neranbHOM M3y4Y€HHM NPUYMH, NPUBEIIIMX K aBapusM, BBISIBICHO, YTO OCHOBHBIMU
NPUYMHAMU SBJSIFOTCS HEHAJIeXKallee TEXHUYeCKoe 00CTyKMBaHUE TaKOB U KOHCTPYKIIHSI TaKOB
(puc. 2). BeposTHO, 3TH MPUYUHBI CBA3aHBI MEXIY COOO0M, TTOCKOIBKY TaK TUIOXOW KOHCTPYKITUH
TPYAHO OOCITY>KUBATh.

JIBe npyrue BakKHbIC NPUYUHBI aBAPUMHBIX CIIy4aeB: «PACCOCIMHEHHE TaKOB» M «HEIpa-
BUJIbHAS (PUKCALUS TaKOB», CKOPEE BCEro, TAKXKE SBJIAIOTCS CIEICTBUEM HEYAO0BIETBOPUTEIBHO-
ro 00CITy’)KHBaHUSI TAKOB U UX KOHCTPYKIIUH.
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Puc. 2. [IpuuunHbl, IpUBEIIINE K aBAPUINHBIM CIIydasim

Kak oTMeuaroT uccieqoBaTeln CO CChUIKOM Ha CTPaXOBbIC KOMIIAHUHU, KOJUYECTBO aBapHii-
HBIX CJIy4aeB M KOJWYESCTBO JIFOJACH, MOTHOINX WJIM IOJYYHMBIINX TPaBMBI, UaeT Ha coTHH. Ofn-
HaKoO oQuIMaibHas PETUCTPAIUSA 3THX CIy4acB OTCYTCTBYET, @ OTCYTCTBHE COOTBETCTBYIOIIHX
3amuceil MOXeT OBITh OAHOW W3 MPHUYMH, [MOYEMY PETYJISATOPHl HE MOTYT MU3MEHHTH CHUTYAIIHIO.
Kaxk pe3ynbTaT — HM3KO€ TOBEPHE K IITIOMKAM, CITyCKaeMbIM Ha Jomapsx.

H3ydenue mpo0iieM, CBI3aHHBIX C SKCIUTyaTalMEH CIlacaTeNIbHbIX HIIIONOK, IO3BOJISIECT pa3-
pabaTeIBaTh HOBBIC CTAHJIAPTHI K KOHCTPYKIIMH KaK KOpITyca, TaK W OTIACIbHBIX Y3JIOB U MeXa-
HA3MOB IUTIONMOK. OHAKO OCHOBHBIC MPHYMHBI aBApPHHHBIX CIy4acB CBSI3aHBI C YEIIOBEUCCKUM
(hakTOpOM: HEJAOCTaTOYHAs KBAIM(HUKAIIMS IEPCOHAIa IIPH SKCIUTyaTallik M HEJIOCTATOYHAs OT-
BETCTBCHHOCTh IPU TEXHHYECKOM OOCIYKMBAaHHUU CIAcaTeIbHBIX ILIIONOK. [To MHEHHUIO Ompo-
[ICHHBIX PECTOHJEHTOB, MPOBOAMMBIE TPEHUPOBKH, YUYECHUS U OOCITYyKMBAaHUE CIAacaTeIbHBIX
IUTIONOK HE COOTBETCTBYIOT KOHCYHOM IICIIH.

boitee TmarenapHBIe MPOBEPKHU JIMIIAMHU, OCYIISCTBIISIIOIIUMH KOHTPOJIb OT UMCHH TOCYyIap-
CTBa, TEXHMYECKOTO COCTOSIHHS CITAcaTEeIbHBIX CPEJICTB M YMEHUS DKHUIIAXKEH IMOIb30BaThCS CIia-
CaTeJIbHBIMH CPEACTBAMH MOTJIH OBI CYIIICCTBEHHO CHH3UTh aBapUHHOCTD.

Cnmcox uCcnoIb30BaHHOM JIMTEPATYPHI

1. Casualty Statistics And Investigations: Reports of the Correspondence Group on
Casualty Analysis: moknax Sub-Committee on Implementation of IMO Instruments. 2004.
URL.: https://webaccounts.imo.org/Common/WebLogin.aspx? App=IMODOCS&ReturnUrl=https.

2. Lifeboat Safety Survey Preliminary Report: Accident Investigators: n1oksian opraHu3anuu
Maritime Accident Casebook. 2011. URL: http://maritimeaccident.org/wp-content/uploads/2011/
01/lifeboatprelim.pdf.

E.Y. Tsurtsev
Dalrybvtuz, Vladivostok, Russia

LIFEBOAT ACCIDENTS RESEARCHING

This article discusses the lifeboat accidents: the ship procedures in which the accidents had being
occurred and the causes of the accidents.

Caenenns 06 apTope: Llypres Esrennii FOpsesuu, CBc-512, e-mail: condor25rus@mail.ru
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Cexnus 2. CYJOBBIE DOHEPTETHYECKHUE YCTAHOBKHU

YK 621.43

A.P. Apcnanos
Hayunsrii pyxoBoautens — b.W. PynneB, okTop TexH. HayK, mpodeccop
OI'bOY BO «/lanbprioBTY3», BiagusocTok, Poccus

BJIUSTHUE HATPY3KH HA TEMIIEPATYPY IOPIIHS CYJIOBOI'O JU3EJISL.
TEIILIOOTJIAYA ITPU IUPKYJIIIUOHHOM MACJISIHOM OXJIAKJIEHUA
MOPINHEM

Ocobennocmo ox1aNCOEHU MAKO20 MUNA 3AKTIOYAEMC 8 XOPOULO OPeaHU308AHHOM OBUICEHUU
macna. Manvie cevenus Kananoe cnocoOCmMEyIOm YEeaiudeHuo CKOPOCMU 0BUICEHUL MACLA U NOBEPXHO-
CMu, OMbIBACMOU MACIOM.

HccnenoBanue TemooTnauy Npy UUPKYJSIIMOHHOM MAciIIHOM OXJIQXKJIEHUU MPOBOJIMIOCH
Ha MOPIIHSX, Y KOTOPBIX JBIKEHUE OXJIAXKIAIOIIET0 Macjia OCYLIECTBIISETCS MO KaHalaM C Iie-
peMeHHON KpuBU3HOM. [lopIIHN Takoil KOHCTPYKIIMH MPUMEHSIOTCS, HAIPUMED, Ha TETIOBO3HBIX
u cynoBbIx nusensx tumna J[100, Ha quzensx Gupm «Maiibaxy», « Ankoy, «bonnaBun» u mp.

Oco0eHHOCTh OXJIAXJICHUS TaKOTO THIIA 3aKIIOYAETCS B XOPOIIO OPraHU30BAHHOM JIBHIKE-
HUM Macja. Masble ceueHusl KaHaJIOB CIIOCOOCTBYIOT YBEJIIMUEHHIO CKOPOCTH JBMKEHHS Macia U
YBEJIMUYEHUIO TIOBEPXHOCTH, OMbIBaeMoil MacioM. Kpome Toro, mpu ABM)KEHHUU Maclia Mo KPUBO-
JUHEHWHBIM KaHaJlaM BO3HHKAET IEHTPOOCKHBIA 3(PGEKT, BHI3BIBAIOMINN TYpOYINU3AIHI0 TOTOKA
AQKE NpU YMCIaxX Re < Re,.

HccnenoBanue nmpoBOIMIIOCH HA MOPITHIX PA3IMYHBIX KOHCTPYKTHBHBIX BApUAHTOB TU3EIIS
J100. B nHumnie nopirHeil 6p111 BMOHTUpPOBaHbI 1o 18-24 TepMmomnapsl, MoKa3aHUsl KOTOPBIX MO-
3BOJIMJIA TIOCTPOUTH TEMIIEpATypHbIE MO B ABYX CEUEHHUSIX U ONPENEIUTh TeMIepaTypy Ha Io-
BEPXHOCTH, OMbIBaeMOi MaciaoM. C MOMOIIBIO TEIECKOTTMYECKOTO YCTPOUCTBA BO BpeMs paOOThI
JIU3eTsl U3MEepPSIICS pacXo]l Macia, MPOXOAUBIIErO Yepe3 MOpIIeHb, U ero TemrmepaTypa. Takum
00pa3oM, OMpeNeNsiIuCh 3HAYCHUS YJIETHHOTO TEIIOBOTO MOTOKA, MPOXOISINEro 4Yepe3 JTHUIIE
MOPIIIHA B PA3IMYHBIX TOYKAX, U OOIIETr0 KOJWYECTBA TEIJIOTHI, OTBOJUMOMN OT MOPIIHS OXJIaXK-
JAIOLIUM MAacJIOM.

N3yuenue TemiooTnaun B paccMaTpUBaeMOM cilydae MpeiCTaBisieT 0COObId HHTEpEC enle U
MOTOMY, YTO, KaK OBLJIO YCTAaHOBJCHO MPU UCHBITAHUSAX, HAYMHAS C OMPECIICHHON BETUYHHBI
pPOCT pacxojia Macia 4epe3 MOpIIeHb HE COMPOBOXKIAICS YBEIHMUYEHHUEM KOJIUYECTBA OTBOJAUMOMN
TEroThl. MIMeno mecto gake HEKOTOPOE YMEHBIICHHE KOJWYECTBA TEIUIOThI, OTBOJAUMOW OT
CTCHKH JIOHBIIITKA B MACJIO, M HEOOJIBIIIOE TIOBBIIIICHHE TEMIIEPATYPHI CTCHKH.

B pesynpraTe OmMbITOB OBLIM MOJYyYEHBI 3aBHCUMOCTH KOJWYECTBA TEIUIOTHI, OTBOAMMOM
MacjioM OT IMOPUIHS, CPEAHEH TeMIepaTyphbl Macia, OXJIaXKAAIOIIET0 JOHBIIIKO MOPIIHS, TeMIIe-
paTypbl TOBEPXHOCTH JOHBIIIKA, OMBIBAEMOI MacioM, OT KOJMYECTBa MPOKAYMBAEMOTO uepe3
MOpIIeHb Macia. JTU JTaHHBIE TTO3BOJIMIM OMPECNIUTh 3aBUCUMOCTh KOd((UIIMEHTa TEII00T 1a-
9 OT CPEAHEH CKOPOCTH JBIKEHHUS Maclia B KaHAJIAX MPH Pa3HBIX TEMIepaTypax Macia Ha BXO-
ne B apuratens (puc. 1.).

Kak BumHO u3 rpadmkoB, MpU CPeAHUX CKOPOCTSIX NBMKCHHS Macia 1,9-2 M/c KoIn4ecTBO
TEIJIOTHI, OTBOJMMOM MacjoOM, JOCTHTaeT MaKCUMyMa M 3aTeM C JaJbHEUIIUM POCTOM CKOPO-
CTU cHUXkaeTcs. Takoil ke xapakTep UMeeT U 3aBUCUMOCTh CpPEeJHEH TeMmepaTypbl MOBEPXHO-
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CTH JIOHBIIIKA, OMBIBaEMOM MaciioM. B cooTBeTCcTBHH € 3THM KOA(DPUIIUEHT TEIUIOOTIaYU TaK-
K€ BHauajie BO3PACTAET C YBEIUYEHUEM CKOPOCTH JBUKEHHUS Macia, a 3aTeM, HauuHas CO CKO-
poctu 1,9-2 M/c, yMeHbIIIaeTCA.

Takas 3aBUCHUMOCTH KOd((PHIMEHTa TEMIOOTAAYd OT CKOPOCTH JBIDKEHHUS OXJIaKIAIOIIei
JKUJKOCTH OKa3ajgach HECKOJIBKO HEOXKHUIAHHOW, B CBSI3U C 4eM OBLI MCCIICOBaH Psij (haKTOPOB,
OKa3bIBAIOLIUX BIUSHUE Ha UHTCHCUBHOCTH TerIooTAaun. OHUM U3 TakuX (HaKTOPOB SBISETCS
BSI3KOCTh Maclia, YBEJIMUCHHE KOTOPOU CHIDKaeT kodddumment remmootaaun. J[eicTBUTeNBHO, C
YBEIMUEHUEM CKOPOCTH OXJIKIAIONIEr0 Macia (MPH MOCTOSHHBIX TPAHUYHBIX YCIOBHUSIX Ha TO-
BEPXHOCTH JIOHBIIIKA CO CTOPOHBI pabouero rasa) TemrepaTrypa ero Ha BBIXOJE OyJeT YMEHb-
IaThCs, CIIEOBATEIbHO, M CPEIHSS TeMIepaTypa OXJaXKIAoIlero Macia Takke OyneT yMeHb-
IaThCsl, BBI3BIBASI TIOBBIIIEHUE Bs3KOCTH. HO Kak cienyeT u3 rpadukoB, MPUBEICHHBIX Ha puC. 1,
pasHMIA B CPENHEH TEMIEpaType Macia JUlsl 3HAYCHUM ¢, paBHBIX 2 U 2,9 M/c, Korma a,, 3a-
METHO yMeHbInaercs, cocrapisier 2-3 °C. DTO NMPUBOIUT K CHIDKEHHMIO BSI3KOCTH, HApUMeEp,
macna J[11 na 10-12 %. Ecnu y4ectb, uTo 00bI9HO KOA(G(UIMEHT TEIUIOOTAaYH 3aBHCHUT OT BSI3-
koctu B ctenenu 0,2-0,5, To BpsI M MOXXHO CUMTATh CHIDKCHHME BS3KOCTH TJIABHOW MPUUYUHOMN
YMEHBIIICHUS TEIUIOOTBOIa OT JHUIIA MOPIIHS B MaCIIO.
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Puc. 1. 3aBucumMocTh TapaMeTPOB TEILIOOTIAYH JOHBINIKA TOPIIHS K OXJTKIAAOIIEMY MaCcly OT CpeIHEH
CKOPOCTH JBWKEHUS Macia: 1 — reMriepaTypa Macia Ha Bxone B mopiers 30 °C; 2 — 1o xe, 40 °C;
3 — 10 x)e, 60 °C

Jlpyrum ¢GakTopoM SBJISIETCS BO3ACUCTBUE CHJI MHEPIIMI HA TIOTOK Macja B JIOHBIIIKE ITOPIII-
Hi1. Ecimn MMPCAIIOJIOXKNUTh, YTO JaK€C B KaHAJIaX C MaJIOM BLICOTOU CTEHKH UMEET MECTO B36aJ'ITI>I-
BaHUC Maclia, TO MPH MOJTHOM 3aIOJIHEHUH KaHAJIOB ATOT APPEKT MOKET UCUE3HYTh, H TEIJIOOT-
Java B Maciio yMEeHbIUTCS. C IeNTbI0 UCKITIOYCHHSI BO3MOYKHOTO BIIMSHUS B30AITHIBAIONIETO d(h-
(ekTa Ha TEIUIOOTAAaYy OBUIM MPOBEIEHBI MCIIBITAHUS B CTATUYECKHUX yCIIOBHsX. [lopIiieHs, cHa-
PSKEHHBIN TepMOIIapaMu, MOTPYkKaJCs B COJSHYIO BaHHY, HarpeTyto 10 900 °C. Yepes nopiieHb
MPOKAYHMBAJIOCh MACJIO, PACXOJ M TEMIIEpaTypa KOTOPOro (Ha BXOJE W BBIXOJE) U3MEPSUTUCh. Ta-
KAM 00pa3oM, OBIIH IMOJTyYeHBl 3aBUCUMOCTH TEMIIEPaTyphl TOPIIHS, KOJIUYECTBA TEIUIOTHI, OT-
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BOI[PIMOI71 MacCJIOM OT MOpHIHA, B 3aBUCUMOCTHU OT CKOPOCTH MacCjida, KOTOPbIC U3MCHAIOTCA aHaJl0-
T'MYHO U3MCHCHHUIO 3TUX ITapaMETPOB Ha pa60Ta}0meM AU3CIIC (pI/IC 2) MaxkcumanbsHOE 3HaUCHHUE

KOJINYECTBA TETIOTHI, OTBOJMMOI MaCIIOM, JIOCTUTAETCS TIPH CKOPOCTH &gy, & 4,2 M/cC.
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Puc. 2. 3aBucumocTth napaMeTpoOB TCIUIOOTAAYU OT JOHBINIKA MOPIIHA K OXJIAXKAAIOIMIEMY MacClly
oT cpez[Heﬁ CKOpPOCTU ABUKCHUSA MacCiia (OHI:ITLI IIpU HAarpeBe MOopuIHA B CTATUICCKUX YCJ'IOBI/IHX)

OTOMYy COOTBETCTBYeT M MUHHMaJIbHas TeMIepaTypa MOBEpXHOCTH AHMIIA nopuiHs. [lpu
CPaBHEHMHM PEe3yJIbTaTOB UCIIBITAHUNA Ha pabOTAOIIEM IU3EJIE U B CTATUYECKUX YCIOBUSX CIEdy-
€T Y4YMTbIBaTh, YTO I0Jla4a Macja B MOPLIEHb Ha paboTaolEeM AHU3esie HOCUT IMyJbCUPYIOIUI
xapakrep. CTonb Macia, HaXOISIIUICS B OCEBOM KaHaJle IIaTyHa, BO, BpeMsl pabOThI ABUTATEIsS
MOJBEPKEH JAECUCTBUIO CHJI MHEPLMHU, KOTOPbIE Ha OINpPEICIIEHHOM yTIjie TOBOPOTa KOJEHYATOIro
Bajia CIoCcOOCTBYIOT, U, HA000POT, B IPYTOM MOJIO)KEHUH MPETSTCTBYIOT, MPOABIKEHUIO Macia K
nopiuHio. Benencrsue neiicTBus AaBieHMs OT CHII MHEPLMM Macio MOJAETCs B MOPILIEHb P MO-
BOpOTE KOJIeHYaToro Bajia npumepHo Ha 170°. Eciu makcumalibHOE 3HAUYEHHE KOJIMYECTBA TEIl-
JIOTBI, OTBOJAMMOM MaciioM, JOCTUTAeTCs NMPHU CPeAHEN CKOPOCTH JABMKEHMs Macia, MOJCUUTaH-
HOM TI0 YacOBOMY pacxofy mpu g, = 1,9+ 2 m/c, To uCTMHHAS CKOPOCTH (y4UTBIBAS MyJIbCH-
PYIOLIM XapakTep ABMKEHMS Macja) COCTaBUT NPUMEpPHO 3,8-4 M/c, UTO MPaKTUUECKU COOTBET-
CTBYET 3HAYEHHUIO W= 4,2 M/C, OIyYCHHOMY IIPY CTATHYECKMX MCIIBITAHUSAX.

Takum 06pazom, ObUIO YCTAHOBJIEHO, YTO B 000X CIyYasX MPU MPAKTHUECKU OJHOM M TOM
K€ 3HAUCHUH CKOPOCTH JIBM)KEHUS Maciia OTBOJI TEIJIa B MAacilo JOCTUTaeT CBOEI0 MaKCUMAaJIbHO-
IO 3HaY€HUs, U, CIEI0BATEIbHO, TAKON XapaKTep NPOTEKAaHUS TEIUIOOTBOJA B MACJIO HE SIBIISAETCS
CJIEJICTBHEM CIIELU(UUECKUX YCIOBHA MaclITHOTO OXJIaX/IE€HUS Ha paboTaroIIeM AU3eIe.

JlanpHeiiee ucciegoBaHle ObUIO MPOBEACHO HA MPO3PaYyHON MOJAETH JHMINA MOPIIHS, U3-
TOTOBJIEHHOM M3 OPraHMYECKOro cTekia. Mojenb Oblia BeIMojHEeHa B MacmTade 1:1. B kanamax
Ha TpeX pajnycax ObUIM yCTAHOBIEHBI NEPEMBIYKU C IPUKPETVICHHBIMU K HUM IIEIKOBBIMH HUT-
KaMu. Yepe3 Mozeb AHUIIA MOPUIHS MPOKAUYMBAIOCh MACJIO, PACX0J] KOTOPOTO MOXHO OBLIO U3-
MEHATH B LIMPOKUX Npezaenax. Bsskocts Macna cocrasisna 20-25 ¢Cr, 4To IPUMEPHO COOTBET-
CTBYET pab0O4UM YCIOBUSM.

Habmiogennem ObUIO yCTAHOBIIEHO, YTO MO MEpE YBEIUUYEHHs Pacxoia Macia HUTKH MpH-
’KMMAIOTCSl K BHyTPEHHEH CTEHKE KpHUBOJIMHEIHOrO KaHana. [Ipu Gonpiinx pacxonax, Korjaa ok-
pYXHasi CKOPOCTh Macia joxoauna 10 3-4 m/c, HaOr01an0Ch BhIIEICHUE MTy3bIPHKOB BO3/1yXa Y
BHYTPEHHEHN CTEHKH.
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VYkazaHHoe siBJIeHUE O0BSCHSAETCS U3BECTHBIMU MOJIOXKEHUSIMHU THIPOMEXaHUKHU O IBUKEHUU
JKUJKOCTHU 10 KPUBOJIMHEWHBIM KaHajaM, KOTJa MO/ BIUSHUEM LEHTPOOESKHBIX CHII POUCXOIUT
U3MEHEHHE paclpe/ieieHus] JaBJIeHUs] TAaKUM 00pa3oM, 4TO Y BHYTPEHHEH CTEHKU MPOUCXOIUT
MaJICHUE JaBJICHUS, a Y Hapy>KHOU — yBenndeHue. [Ipu 3ToM y Hapy»HOUM CTEHKHM UMEET MECTO
Tak)Ke U HauOOJIbIIasi CKOPOCTb.
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INFLUENCE OF THE LOAD ON THE TEMPERATURE OF THE PISTON
OF THE MARINE DIESEL. HEAT TRANSFER IN THE CASE OF CIRCULATING
OIL COOLING OF PISTONS

A feature of this type of cooling is the well-organized movement of the oil. Small cross-sections of the
channels contribute to an increase in the speed of movement of the oil and increase in the surface washed
by oil.
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JABOPATOPHASI YCTAHOBKA JJI51 MOJTYYEHUS MHOI'OKOMIIOHEHTHBIX
TOILTUBHBIX CMECEH IO COBMECTHBIM BO3JEUCTBUEM HECKOJIbKUX
OUSNYECKHUX ITOJIEN B PA3JIMYHBIX BAPUALIUAX

Paccmompenst npobnemul sxcnayamayuu cy008bix IHEPLeMuUYecKux YCmaHo8oK, UCNOIb3YVIOWUX Ma-
3ym 6 kavecmee monauga. IIpednosiceno ycmpoucmeo 1abopamopHoll YCManoeKu, cCnoCOOHOU Noayyams
MHO20KOMNOHEHMHbIE CMeCU nymem 8030eUCmEUs Ha Hee 2UOPOOUHAMUYECKO20, MeXAHUYECKO20 U Vb~
PA38YKOB020 NOJEU 8 PA3IUYHBIX 8APUAHMAX 00PAOOMKLU.

B nocnenHue ronel onpenenuiach yCTOHYMBas TEHIACHLMs yXYJIIEHUS KadyecTBa MasyTa,
CBSI3aHHAsi C POCTOM MCIIOJIb30BaHMsI OCTAaTOYHBIX HPOAYKTOB KpeKHUHI-IporeccoB. Ilpu sTom
3HAYUTEJIBHO YBEIWYHIACH JOJIS TSKENBIX (PpaKkLUuil B COCTaBE TOIUIMB, YTO BBI3BIBAET Pl IKC-
IUTyaTalMOHHBIX MPOOJIEM U MIPU TOIUIMBOIOATOTOBKE U B MPOLIECCE XPAHEHUS TOIUIMBA. JTH OC-
JIOKHEHMS TPOSABIISIFOTCS B 00pa30BaHUM OTJIOKEHUH B TOIUIMBHBIX TaHKaX M (UIbTPax, B TOILIM-
BOIOAOIPEBATENAX U CEMApaTOpax, a TAKXkKe MPUBOJAT K MOBBIILIEHUIO OTKAa30B TOIUIMBHOM ammapa-
Typsl [1]. Tarxoke ecTs erie ofHa mpodiieMa NPUMEHEHHS Ma3yTOB, CBS3aHHAsI C POCTOM LieH [2].

[IpoGnemsl 3KcmIyaTallMyd CyJOBble KaMIaHMM PELIAlOT IMyTeM MEepEeMEIIMBAHUS Ma3yTa C
JIpyTrumu, Oojiee JIETKUMHU, TOIUIMBAMH, TaK KaK OHU CIIOCOOHBI CHU3UTh BA3KOCTh Ma3yTa U BEpO-
ATHOCTb OTJIOKEHHS 0caikoB. OHAKO MPOLIECC NEPEMEITNBAHUS UMEET U CBOM HEJJOCTATKHU:

- BEPOSITHOCTb IOJyYEHHs HEOJHOPOJHON CMECH, YTO MOBJIMSIET HAa KAYECTBO CrOPaHMs TOII-
J1Ba (B CyIOBBIX KOTEJIbHBIX YCTAHOBKAX MPUMEHEHNE HEOAHOPOJAHOM CMECH MOXKET IPUBECTH K
CpBIBY (haKesa TOpesKu);

40



- CcTaOMIIBHOCTH TAKOTO TOIUIMBA, KaK MPaBUIIO, COXPAHSETCS HEHAJO0ro (B MEPUOJ XpaHe-
HUs B OyHKEpax 3a4acTylo TOIUIUBHBIE CMECH ITOJIBEPralOTCs PaCCIOCHHUIO, U3-3a YETO BO3HUKAET
HEOOXOIMMOCTH €T0 JIOMOIHUTEIHHOTO IIEPEeMEITNBAHNS TIEpe ] TPUMEHEHHEM);

[TosTOMy BO3HMKIIA MOTPEOHOCTH B CO3/1aHUM YCTAHOBKH IO CMEIICHUIO TOIIMB, KOTOpas
CMOXeT 00pabaThIBaTh CMECh HECKOJIBKUMH CIIOCOOaMH, TTO3BOJIHT MOTyYaTh 0Opa3Ibl IS Jallb-
HEHIIUX MCCIIeOBAaHUM U peryaupoBaTh (PU3MKO-XMMHUYECKHUE apaMeTpbl B HEOOXOAUMBIX IS
Hac ycnoBusix. K npumepy, mpu HE0OX0IMMOCTH MBI MOYKEM CMEIINBAThH TOIUTMBHBIC KOMITOHECH-
ThI, HE BKJIIOYas B IIporiecc 00pabOTKH HEKOTOPbIE BO3/IEHCTBYIOLINE arperaTbl yCTaHOBKH, U IO-
JlaBaTh YK€ TOTOBYIO CMECh HETOCPEICTBEHHO B Kamepy cropaHus. Eciii KOMIOHEHTHI st
CMEILMBaHUsI MUMEIOT HEBBICOKME KayeCTBEHHbIE INOKA3aTelIM WM HEOOXOAMMO IOBBICUTH CTa-
OMJIBHOCTB TTOJTyYE€HHOTO TPOIYKTa TEepell ero 3aKaukol B OyHKEp Ha XpaHEHHE, TO MOXKHO 00pa-
0aThIBaTh CMECh PA3IMYHBIMH HOJSIMH, YTO MPUBEAET €€ K 00ojiee TOHKOMY JUCIIEPTUPOBAHUIO U
rOMOTCHH3AIINH.

Ha 6a3e naboparopuu kadenpsl HedrerazoBoro aena u Heprexumuu npu JABDY Obuia pas-
pabotaHa cxema JIabOpaTOpHOW YCTaHOBKH 1O CMEIICHHIO TOIUIMB, CIOCOOHAs BO3/ICHCTBOBATH
Ha MPOoLECC MepeMEIINBaHUs pa3IMYHbIMU BapUaHTaMU.

Ha pucynke mpezacraBieHa cxema J1abOpaTOPHOH YCTaHOBKM CMEUICHHS TOIUIMB, KOTOpas
MOJKET BO3/I€HCTBOBATh HAa MPOLECC CMELICHHs Pa3IMYHBIMU IOJIIMH, @ UMEHHO: THpaBlInye-
CKHM, MEXaHUYECKUM U YIIbTPa3BYKOBBIM. biiaromapsi MHOXeCTBY MEPEXOAHBIX KJIAIaHOB, KOTO-
pble TIepeKpHIBAIOTCS, JaHHAs YCTaHOBKA CIOCOOHA paboTaTh B Pa3IMUYHBIX BapHaHTaX, UCKIIIO-
Yasi OJHO WJIM HECKOJBKO BO3JCHCTBYIOIIMX YCTPOWCTB. DTO MO3BOJHT IMOIydYaTh TOTUTUBHBIC
CMecH JAJIs JalbHEHIIUX MCcclaeloBaHUM, OTIUYarourecs mo crnocodbam obpabotku. Hampumep,
MOYKHO OTKJIFOUUTH TUAPABIMYECKYIO U YIBTPA3BYKOBYIO MEIIAIKY U IMPOBECTH CMEIIMBAHUE TO-
IUIMBHBIX KOMIIOHEHTOB, B JPYyrOM CIIy4ae MOYKHO HOJHOCTBbIO 00paboTaTh CMeCh U IYCTHUTH €€
Ha elIe OJMH KPYr N0 HHUPKYJSIHOHHON 4YacTH TPyOONpOBOJa, MOCIE YEero MPOBECTH CPABHH-
TEJIbHBIN aHAIIN3.

24 7 37 1 ¥ s B B

Cxema 1ab0paTopHON yCTAaHOBKHU
CMEIIICHHUS TOILIUB:
1, 2 — OaKH-TEepPMOCTATHI;
3,4, 5 — HacocHI;

6 — TUIpaBIMYECKas MEIIAIKa; 30
7 — nomacTHas MeILIaJKa;
8 — ayIeKTpoABUraTeNb /i -

|

JUIS JIOTTACTHOM MEIIaIKH;
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9 — yapTpa3ByKOBas MEIIAIKA;
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32, 33 — jaT4MKU pacxona; %
R

S \\o [ @\\\% QSR N
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[Tonuelil npuHIMI padboThl 1a0OPaTOPHOM YCTAHOBKH (C LUPKYJSLUEN CMECH B CHCTEME)
MIPOUCXOJUT clieAyromuM odbpazom: B Oaku-repmoctatsl (1, 2) 3aIMBalOT KOMIIOHEHTHI, KOTOPbIE
HE0O0XOIMMO CMeIaTh, U HarpeBaroT A0 33JaHHOW Temreparypbl. Temmeparypy KOHTPOJIUPYIOT
TEPMOMETPaMHU, YCTAHOBJICHHBIMU Ha Oakax-TepMmocTarax. [1o JOCTHKeHHIO KOMIOHEHTaMHU He-
00xoMMOi TemmepaTyphl OTKpPBIBAIOT nepexoanbie kiuanansl (10, 11, 12, 13, 14, 15, 17, 18, 20,
27), yepe3 KOTOpbIE MOCPEACTBOM HacocoB (3, 4, 5) mo TpyOONpOBOY MCXOAHBIE KOMIOHEHTHI
MOJAI0TCS CHavalla K rujipaBinueckoi memainke (6). [Ipu mpoxoxkaeHun yepes Hee o0paszyercs
CMECh KOMIIOHEHTOB. 3aT€M 3Ta CMECh IMPOXOAMT Yepe3 JIONAcTHyIo mewmanky (7), mpuBoau-
MYI0 B JAEUCTBHE 3JIEKTpojABHUratesieM (8), rie HmoJBepraercs MEXaHWYECKOMY BO3JCHCTBHIO.
[Tocne 3TOro cmech MoCTynaeT B YJIbTPa3ByKoBYI0 Mewanky (9), rae mpoucXoAuT cMeLIeHUe
IyTEeM BO3JICHCTBUS yJIBTPa3ByKOBOTO Mojs. Jlanee cMech aeT Ha MOBTOPHYIO 00padoTky. Ko-
raa cpabotaer mpeaoxpaHuUTENbHbIN KiamaH (39), HE0OXOAMMO MEPEeKPHITh OJHOBPEMEHHO
knanansl (10, 13), 3aTeM oTKpbITh Nepexoanblid knanaH (23). [Tocie HeoOxoaumon 00paboTKH
3aKpbIBaeTcs Kianad (27), u oTkpbiBaeTcs KianaH (28). CMech uaeT Ha ciuB. JlaTuuku Temiie-
patypsl (29, 30, 31), pacxona (32, 33) u naBnenus (34, 35, 36) orobpaxaroT mpoiecc, mpoTe-
Karomui B cucteMe. [Ipenoxpanurenbusie kinamnanbl (37, 38, 39) 3amumarT cuctemMy OT U30bI-
TOYHOTO J1aBJICHUS.

[IpenmymiecTBa JaHHOM yCTaHOBKHM B TOM, YTO OHAa KOMIIAKTHA, MPOCTa, BHICOKOMOOMIIbHA,
MOXET paboTaTh B 14 BapHaHTaxX M MPUMEHSITHCS HETIOCPEACTBEHHO B MPOIECCE TOTUTMBOIIOATO-
TOBKH II€pe]l I0Jauei TOIIMBA B YHEPIe€TUUECKNUE YCTaHOBKH.

bnaronapst MHOXeCTBY crocoOOB 00pabOTKH, BO3JEHCTBYIOIIMX Ha IPOLECC CMEIIEHUS,
MO’KHO BBISIBUTH ONTHMAJIbHBIN BapUaHT, KOTOPBINA MMO3BOJIUT MOATOTOBUTH Hanbosee 3¢ heKTus-
HYIO CMECh, UMEIOIYI0 HanOoJiee BBICOKHE CTA0OMIIBHOCTh U CTENEHb TOMOT€HU3AIMH, MEHBIIYIO
BSA3KOCTh M KAaYE€CTBEHHOE T'OPEHHE B HHEPreTHUECKUX YCTAHOBKAX C MEHBIIMMHU BBIOPOCAMH.
[Tpu nosydyeHun cTabMIIBHOW M TOMOT€HHOM CMECH B pa3bl YMEHBIIIAETCSl PUCK 00pa30BaHUs OT-
JIOXKEHUH, 4TO OOJErYuT SKCIUTyaTalMio TOIUIMBHOW ammaparypsl. Taxke monoOpaB Hambosee
s exTuBHBIN BapuaHT 00pabOTKHU TOIUIMBA, MOKHO CHH3UTh 3aTPATHI 10 UX MOTPEOJICHUIO.
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LABORATORY MACHINE FOR OBTAINING MULTICOMPONENT FUEL
MIXTURES WITH THE COMBINED EFFECT OF SEVERAL PHYSICAL FIELDS
IN DIFFERENTLY VARIATIONS

This article discusses the problems of using ship power plants using fuel oil as fuel. A device a labo-
ratory machine capable of producing multicomponent mixtures is proposed, by exposing it to hydrody-
namic, mechanical and ultrasonic fields in differently processing options.

Caenenusi 06 aBtTope: Kapanens Brnammvup BanepweBnu, M3202, e-mail: karalenya.
vladimir@ya.ru

42



YK 621.43

T.1O. [lepensirun
Hayunsriit pykoBogutens — b.11. PyaneB, 1okTop TexH. HayK, mpodeccop
OI'bOY BO «/lanbprioBTY3», BiaguBocTok, Poccus

TEILIOOTAAYA OT CTEHOK I'JIb3bI M KPBILIKY HUJIUHIPA
K OXJIAXKJIAIOLIE BOJE

Tennoomoaua om CMEHOK 2uib3bl U KPbIWKU YUTUHOPA K OXJAXNCOarowel 600e Xapakmepusyemcst
CILOJICHBIM  MENLOMACCOOOMEHOM 8 OXJANCOaoueli NOLOCMU. HATUYUEeM JOKATbHbIX 30H NPUCMEHHO20
€108, 20€e UBMEHSemcsl azpecamHioe COCMOsIHUE 0XAaxicoanuell 600bl NPU ee GbIHYIHCOCHHOM OBUICEHUU U
subpayuy menioomoaruieli NO8EePXHOCMU.

[Ipu onpenenenun kordpuLMEeHTa TEIUIOOTIAYH OT CTEHKU T'MIb3bl K BOJE OOBIYHO MOJIb3Y-
IOTCSI SMITUPUYECKON 3aBUCUMOCTBIO

a; = 300 + 1800w, , (1)

tn

TlIe (g — CKOPOCTH JIBHYKCHHS BOJIBI.

OnHako OmMbITHBIE 3HaYeHUs KOd((DUIIMEHTa TEIUIO0TauH, MOTYyYSHHbIC IPYU HATYpHBIX UC-
MNBITAHUAX PA3JIMIHBIX COBPCMCHHBIX HHSGHeﬁ, SHAYUTCJIBHO IMMPEBOCXOAAT PACUYCTHLBIC, IMOJTYYCH-
Hble o popmye (1).

C uenplo U3yuyeHHUs TEIJIOOTAAaud OT CTEHKHM TWJIb3bl LHWJIMHJIpPA OXJa)Jaroleil Boje
ObLIHN MNpPOBCACHBI JSKCIICPUMCHTAJILHBIC MCCICAOBAHUA Ha OU3CIAX PA3JIMYHBIX THIIOB

(10H-—— 6UH ~°, 16UH —, 4UH ).
2% 25,4 33 27 14 pn——y

HcnbiTanus ausenei pa3nuyHbIX TUIIOB TO- o /N ]
3BOJIMJIM BBISICHUTH BIUSTHHE DPAa3IUYHBIX 3KC- o
TUTyaTallMOHHBIX M KOHCTPYKTHUBHBIX (PAKTOPOB o NE
Ha MHTEHCHBHOCTb TEIUIOOTIAUU K OXJIaXJaro- o \| -
e Boje. il / / \, 7

Ha puc. 1 npuBenensl rpaguki M3MEHEHHS e )7 AN
K03 pHIIMEHTA TETIOOTNAYH OT CTEHKU THIIb3bI 0 /// NN a6, 26 e
uunuHApa K Boae u quzemo 10/100. U3 mpuse- p :{/ I S NN W P
JNEHHbIX TIpadUKOB BHIHO, YTO HaOIIOJAaeTCs vd 2k \ "1,
orpenenéHHast 3aBUCUMOCTh KOd(UIMEHTa Te- ; : \,\ ¢
IUIOOTAAYU BPALIEHHUs KOJEHYaTOro Baja IpHU o

N
‘\\\\\"-@‘-_\\‘“&m\\\‘-\\\“\‘\\\\\\m\\\\-\-\\\\\_\\m N

IOCTOSIHHOM pacxojie BoJsl. Kpome Toro, 6n110 SIS
7 Dt 0000 =

YCTAQHOBJIEHO, YTO IPHU IOCTOSHHOM 4YacToTe
BpaIeHus1 KOJEHYATOro Baja K03 GUIIUEHT Te-
IUIOOTAaYu MPAKTUYCCKH HE 3aBUCHT OT Harpys-
KA. AHAJIOTHYHEIE JAaHHBIC TTOJIYUCHBI U TIO APY-
TUM OU3CIISIM. AHanus3 OIBITHEIX JaHHBIX I10 TEC-

Puc. 1. 3ameHenue ko3 duirenra
TEIUIOOTIa91 OT CTEHKH THIIB3BI IFITHHAPA
nuzenst 10100 k Boje npu MOCTOSHHOM
pacxojie BOJIbI Ha peXUME TEIUIOBO3HON

IIoNepeayl CTeHOK TMIIB3bl LMJIMHIApPA K OX-
JaXAaoNIe BO/IE MOKA3bIBAET CIIEIYIOLIEE.
1. OnbiTHBIE 3HAYCHUS KOXP(UIIMEHTA Te-

XapaKTEPUCTUKU: | — BIYCKHBIC OKHA: MUH;
II — BeImyckHble OkHa; 1 - n=850 06/MuH;
2 - n= 660 06/mMuH; 3 - n=850 06/MuH

IUIOOTa4M 3HAYUTEIBHO MPEBOCXOAAT OOBIYHO

noslydaeMble pacyeToM 1o ypaBHeHuto (1). Ecnu monb3oBatbest 601ee COBEPIICHHON KpUTEpHU-
ATHHOW 3aBUCUMOCTHIO, TIpUBENICHHON B pabore M. A. Muxeesa, ueM ¢opmyna (1), To u B 3TOM
Clly4ae ONBITHbIE 3HAUYEHHUS JIOKAIbHBIX KO3(h(ULINEHTOB TemIooTAaun B 3-4 pas3a MpeBOCXOISIT
pacyeTHble. JTO, B MIEPBYIO OYEPEb, OTHOCUTCS K y4acTKaM T'MJIb3bl HWJIUHAPA B 30HE ACHCTBUSA
MEPEKIIAIKU MOPIIHS B B.M.T.

. LZ25
Nu = 0,21Re?*pr043 (P—’f—) . )
Fr,
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2. lmeeT MeCTO BIOJIHE YETKO BBIPAXKEHHAs 3aBUCHUMOCTH KO3 UIIMEHTA TEIIO0TAaYH OT
yyciia pabovyuX LUKIOB B €IUHUILY BPEMEHU IIPU HEU3MEHHOM PAcXO/€ OXJIaXAAroIIel BOIbI _ii,
Il 7 — 9acTOTa BpAIIEHUs KOJIEHYATOrO Bajia; [ — TAKTHOCTh. B TO ke Bpems npu padore 1o Ha-
Ipy304HOI XapakTepucTuke Kodh(HUIUEHT TeMJI00TAAYN OYEHb MaJIO U3MEHSIETCSL.

3. HaubGonpmme 3Ha4eHus: K03(h(HUIMEHTOB TEIIOOTAaYH COOTBETCTBYIOT 30HE MEPEKIA KN
MOPITHS B B.M.T., TJIC YJCJIBHBIN TEIUIOBOM MOTOK M TEMIIEpaTypa CTCHOK MMEIOT HanOOJbIINE
3HAYEHUSI.

4. Ilpy HEM3MEHHOM CKOPOCTHOM peXUMe padoThl Au3eNst KO3PPHUIMEHT TEII00TAaYH MPo-
TIOPIMOHANIEH CKOPOCTH JBHKEHHS TIOTOKA BOABI fg~ ™ *. B TO e BpeMs U3 MHOTOYHCIEHHBIX
JUTEPATYPHBIX HCTOYHUKOB U3BECTHO, UYTO MPHU BBIHYKIACHHOM JBUKEHUU KUIKOCTU 3TOT MOKa-
3aTeNb CTeTeHH uMeeT Oosiee Bbicokue 3HaueHus — (,7-0,8. BeposiTHo, B HameM ciydae Oosee
HU3KHI MOKa3aTellb CTENEeHN O0BSICHAETCS MHTEHCU(DUKAIEH TEeTJI00TAauH 3a CUeT APYTruX Qakx-
TOPOB.

HecmoTpst Ha oTCyTCTBUE YCIOBUM JJIsi BO3-
HUKHOBEHUSI OOBIYHOTO ITy3BIPHKOBOT'O KUTICHUS
. s B MOJIOCTSIX OXJQXKJECHUSI B HUCCIEAYyEMbBIX TU3e-
L bsw JSX, CIEIyeT yKa3aTb Ha BO3MOXKHOCTH IOSIBJIE-
HUSl TIEPUOJAMYECKOTO MYy3BIPHKOBOTO KUIICHHS B
MPUCTEHOYHOM ciioe. OHO MOXKET OBITh BBHI3BAHO

s 10°1,16 Bm/m?
I ﬂ-rpﬂ:t-ajaog/ﬂ«:

75

75
50
7 Pl EL

1= 4E5 o8/ Ml
77 =Cconst =85008 ks &

' m?-?o BHUOpanueld CTCHKH TWJIB3bI IWUIMHIPA BCIICICT-

N No=sts00mie BHE JMHAMHUYECKUX IPOIIECCOB, MPOTEKAIOIUX B

«;-10-1,};‘;Bm/mz & W g M Grmieeg pabouem nunuHApe auzens. Ha 3To ykasbIBaioT
l [ =const =100008 e e T, OTIBITHBIC JIAHHBIE, IPUBEACHHBIC HA pHC. 2, a, 0,

#, 1 |7 TaK KaK M3BECTHO, YTO BUOpAIMs B 3HAYMTEIBHON
’: rmeomstwngoimug || LA CTENEH! 3aBHCUT OT 4acTOThI BpALICHUs KOJEH-

qaToro Baja.
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ot J{fg,&,‘,{m OT CTCHKH THWJIB3bl HHUJIHMHApPA K OXJIAXIAOIICH

BOAC MOKHO IPCACTABUTH CIICAYIOIIUM 06pa30M.
B momeHnT NEPCKIAAKN MOPIIHA MPOUCXOIUT
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Puc. 2. I3menenne kodddurmenta
TCIUIOOTAA4Y1 OT CTCHKU I'MJIb3bI HUIMH/PA K
BOJIC B 3aBUCUMOCTH OT YJICIBHOM TEIUIOBOM

MOTEpH MPpH paboTe TU3eNeit Mo Harpy304HOU U
TCHEPaTOPHOM XapaKTepUCTUKAM: a — JIU3EIH

104H —2%7_10,77100):6 — musemt
2x25,4

109H ?( J170): 1 — B 30He mepeKnagKu
7

MOPIIHS B B.M.T.; 2 — Ha paccTostHuu 0,35
(xoz1a mOpIIHS) OT MJIOCKOCTH PaCIONI0KEHHS
¢dopcynok; 3 — Ha paccrossann(,45 ot
BEPXHET0 TOPLA TMIIb3bl IINHIPA

yIap O CTEHKY TWJIb3bl IIIMHApPA, KOTOpas, me-
peMelasch B CTOPOHY pyOallkul OXJIaxACHUS,
BBI3BIBACT NIEPEMEILIEHUE TIOTOKA BOIBI CO CKOPO-
CTBIO KOJICOATEILHOI0 NBWIKEHUS, BBLI3BAHHOTO
BUOPALIMOHHBIM TOJIEM TUJIB3bI IUIUH/PA.

OcmwnorpadgupoBaHue MaBICHUS BOJBI B
MOJIOCTH OXJIAXKJICHHUS TMPOCTPAHCTBA, MPOU3BE-
JIEHHOE C TIOMOIIbI0 MeMOpPaHHOTO JaTyuKa, yc-
TAQHOBJICHHOTO B HETIOCPECTBEHHOW OJIM30CTH OT
MOBEPXHOCTH THJIb3bl, OMBIBAEMON BOJOM, MOKa-
3bIBAET, YTO B MOMEHT BPEMEHHU, COOTBETCTBYIO-
IIMH B.M.T., JaBJICHUE MOBBIIIACTC.

B nocnenyromuii MOMEHT BPEMEHH TIOA, ACH-
CTBMEM CHJI YNPYrOCTH CTEHKa BO3BpAILACTCS B

nepBoHayayibHOE TojoxeHue. CKopocTh nedopMalui CTEHKU NMPUMEPHO B 4 pa3a BbIIIE, YeM
CKOpPOCTB PACIPOCTPAHEHHUs BOJIHBI JJABJICHUS B BOJIE, TO3TOMY MPOUCXOAMUT OTPHIB BOJIBI OT BHO-
pupyoleil NOBepXHOCTU. B mpucteHouHOM ciioe 0o0pa3yeTcs 30Ha MOHMKEHHOTO JIaBJICHHUS.
JlaBrieHue BO/Ibl yMEHbBIIAETCS HA BETUUUHY

AP = Prlpileys (3)

Ile @g,s — AMIUIMTYIHAasl CKOPOCTh BUOpALMK B CTEHKE; Cg — CKOPOCTh 3ByKa B BOJIE; Pg — IUIOT-
HOCTb BOJBI.
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Iloumxenue AaBJICHUA B HNPUCTCHOYHOM ) .
CJI0€ CTIOCOOCTBYET OCBOOOKICHHUIO PACTBOPECH- ‘i"j - Wi/ Wy =01
HBIX B BOJIC Ta30B M Mapa, KOTOpPhIE 0Opa3yioT e ,) 406
[1aporasoBble Iy3bIpbKU. Eciu naBieHue B n1aH- b : ;J—’____ 204
HOU TOYKE CpEJIbl MaacT 10 KPUTUIECKOTO JaB- 402

: 3
JIEHWs HACBINIEHHOTO Mapa, TO 3TO BBI3BIBAET 2 B 4
Waas/ Wy =001
L
v

00pa30BaHKE NAPOBHIX MY3BIPHKOB.

Bo BpeMs ClIeqyIOIEro LUK, KOraa JaB- :
JICHHE BOJIbI MOBBIMIACTCS, CO3IAIOTCS YCIOBUs, 10 AP
IpH KOTOPBIX IPOMCXOANT Pa3pylleHUE Mapora-
30BBIX My3bIPbKOB. HO My3bIppKH Iapa, momajaas
B IOTOK JBMKYIIEHCS BOABL, HEJOIPETOM 10
TEMIIEPATYPhl HACHILEHNUS, KOHIECHCUPYIOTCS.
Takum 00pa3oM, BO BpeMsl TOW YacTH LUK,
KOIrJa JIaBICHUE MOHUKAETCS, MEPHOIH- 0° Z F¢ 5678 fﬂ?;g 4 #Z
YEeCKH BO3ZHHKAET ITy3BIPHKOBOE KHUIIEHHE. : - Reg"™Fr

DTO NPUBOIUT K PE3KOW HMHTEHCU(UKa-
I TEIJIOOTIAUH. Puc. 3. OnpiTHAs KpuTepranbHas Nu

N

L

NN

S h By o,

3aBHCHUMOCTb AMILIMTYAHOM CKOPOCTU BHO- 3aBUCHMOCTB, ITOJTyICHHAN Ha OCHOBC
pallUK CTEHKH OT 3TOr0 HapameTpa s HH3eHeﬁ, O6pa6OTI‘(’I/I OIBITHBIX JAaHHBIX IPH UCIIBITAHUU
nuzeneit 101100, /170, y KOTOPBIX MTOJIOCTD
UMCIOIIUX OTHOLICHUE AHaMeTpa K TOJIIHMHE .
OXJIAXKIACHUA o6pa3yeTCﬁ HammpeCCOBAaHHOU
cTeHKU 14—17, yaOBIETBOPUTENIBHO AamlIpPOK-

Ha THIIB3Y pyOalkon
CUMUPYETCA SMIIUPUUECKUM YPaBHEHUEM

n

2 3 = pr -
Wows = 8,34- 1072 (2) +7325-107% (£) - 1,385 1072 £ + 54- 1072, (4)

[Ipu yka3aHHBIX BbIIIE YCIOBHUSIX KO3(PPHUIMEHT TEIIOOTAa4YN OT CTEHOK TMJIb3bl LIUINHAPA
K OXJIQXKTAIOIEH BOJIe SBISETCS (PYHKIMEH CIIEeIyIONINX ONMPEACISIONUX apaMeTpOB:

g = ffmﬁrmauﬁrtﬁrtfrd”':u*ls): (5)

rae d — XapaKTepHbIN T€OMETPUUYECKHUI pa3Mep; A — KOA(DPHUIIMEHT TErIONMPOBOAHOCTH OXJIaXK-
JIAOLLEH BOJBI.

B cBs3u ¢ Tem, YTO CIIOKHBIN MPOLIECC TEIUIOOTAAYM B OXJIAX/IAIONIYI0 BOAY OMHMCHIBACTCS
cucteMoil uddepeHanbHbIX YpaBHEHUH, HE UMEIOLIeH MOCIe0BaTeIbHOIO YHCTO aHAIUTHU-
YECKOT0 pelieHus, Haubosee palMoOHAIbHBIM SBIISETCS, KaK 3TO OObIYHO MPHUHATO, IPUMEHEHUE
METOO0B TEOPUU MOA0OUS.

B cooTtBercTBUU C yke MPOBEICHHBIM aHAJM30M MOXHO Ha OCHOBAaHMM OOLIMX MOJIOKEHUHN
TEOPHH MOI00US MPEICTAaBUTh KPUTEPHATILHOE YPAaBHEHUE B CIIEIYIOIIEM BHIE:

Nu = f[Re,Fr,“:—:E), (6)

Wty

roe He = ; B KQUeCTBE OIpPEAEIAIONIEN CKOPOCTH MPUHATA CKOPOCTh MOTOKA, a XapaKTep-

HOT'O TeOMETpHUIecKoro pasmepa d., = D,— D, rne D, — BHYTPEHHUIA JuaMeTp pyOamKku oxia-
P gy

. v
xneHus (wim Onmoka); D) — HapyKHBIM AMaMeTp TWIB3bl HWIMHApa; Pr = —; — CUM-
i

Llp
TJIEKC, MPEACTABIISIOMNNA COO0M OTHOIICHHE CKOPOCTH BHOpAIlMK CTEHKH K CKOPOCTH MOTOKA OX-
JIaKIaromieil BOJbI.
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Bun ykazaHHO#H (yHKIMOHATBHON 3aBUCHMOCTH ONpEACISeTCS Ha OCHOBE 00pabOTKH HKC-
NEpUMEHTAIbHBIX JaHHBIX B KpUTepusax nogobus. Ha puc. 3 mpexacraBneHsl pe3ynpTaThl 00pa-
00Tk ombITOB. Kak ciemyer w3 rpadMKoOB, ONMBITHBIE TOYKH ANIPOKCHMHUPYIOTCS KpUTEpHAIIb-
HBIM yPaBHEHHEM

2r.. _ oo n, W6 o 0,37 Capss 0,23
i¥ il — WP FeFivie g i i i, LLIE A (7)
ITocie MOACTAHOBKM 3HAYEHHs KPUTEPUEB M YUMTBIBAS, YTO MpousBeneHue A58 c%32p0ae
JJIsL OXJI&)K,Z[aIOH_[eI‘/JI BOJbI MCHACTCA HE3HAUYUTCIIBHO, YPABHCHUC (5) MMPpUMET BU
G4l 0,28
— Gg  apg
g = 33,8 0,82 ,0.86 - (8)
P day

YpaBHerwue (8) MOKHO peKOMEHIOBATh MPHU pacueTe KoAPPUIIMEHTA TEIUIOOTIa9H B OXJIaXkK-
JTAIOIYI0 BOJY JUIS T3 LIMJIMHJIPOB, MOJIOCTh OXJIAXKIEHHUSI KOTOPBIX 00pa3yeTcsl HallpecCoBaH-
HOU Ha THJIB3Y pyOamKoi. /i riiib3 MUIMHIPOB, TOJIOCTh BOASHOTO OXJIAXKICHHS KOTOPBIX 00-
pasyercsl Ipu 3alpPecCOBKE UX B OJOK Ju3eiisl; KO3PPUIUEHT TEIUIOOTAaud TaKKe MOXKET ObITh
paccuymTaH Mo ypaBHEHHIO (8), HO ¢ TTOCTOSTHHBIM K03 duimernTom, paBabM 61,5 BMecTo 33,8.

[Ipu npuMeHeHnH BBICOKOTEMIIEPATYPHOTO OXJIaXKACHHUS, BHICOKOH cTeneHH (OpCUpPOBAHUS
pabouero mporecca MOTYT OBITh CO3/IaHBI YCIIOBUS, TPU KOTOPHIX BOSHHUKAET M CYIIECTBYET KH-
IIEHHUE B HIECTEPEHHOM MOTPAHUYHOM CJI0€ OTOKA OXJIaXKJarolei Bojipl. B OonbmmHCTBE Cityda-
€B IIPU 3TOM IIOTOK OXJIAXIAIOILEN BO/IbI HEOTPET 10 TEMIIEPATYphl HACBILLIEHUS, a TEMIIEpaTypa
TEIUIOOT/AAIOLINX OBEPXHOCTEH T'Milb3 U KPBILIEK LMIMHIPOB MPEBBIIAET TEMIIEPATyp y HAChI-
IICHUS TIPU JJAHHOM JaBlieHUH. TernooTaada B OXJIaKAAIONIYI0 BOY MPU TaKUX YCIOBUSIX 00Y-
CJIOBJIEHA KOHBEKTHBHBIM [IEPEHOCOM TEIJia, MHTECHCUBHBIM MOJISIPHBIM IIEPEHOCOM MaccChl 0XJIa-
JK/IAIOIIeH BOJBI U TEIUIa HEMOCPEICTBEHHO MapOBBIMU My3bIPbKaMH M3 MPUCTEHHOTO CJIOSI B 00-
Jiee XOJIOAHY0 OCHOBHYIO MacCy MOTOKa.

Pe3ynbTarsl SKCIIEpUMEHTAIBHOTO MCCIEA0BAHNS OKA3BIBAIOT, UTO B PEXKUME TEIJIOOTAAYN
IIPY TOBEPXHOCTHOM 3aTOPMO>KEHHOM KHMIIEHUH 3HauYeHUs K03(p(PULmeHTa TerooTAaun OT CTEH-
KM THJIB3BI IIJIMH/PA B OXJIAXKIAIONIYIO0 BOAY JOCTHTAIOT BeIMUMHBI nopsaaka 11600 Bt /¢ . B
aTOM paboTe moaTBepkaeHa paHee nonydeHHas B.M. Tomyowmnckum, C.C. Kyraremanze, WU.T.
OnaabeBbIM U JIp. 3aBUCHMOCTb, @z ~q " 1 npeanoxeHa KpUTepHaabHas 3aBUCUMOCTb, KOTOPas C
TOYHOCTBIO £9 % anmpoKCUMHUPYET ONBITHBIE JAHHbBIE

. -0,35 .5
Nu=0,03Pe®7 |1+ 083K% (2) ~ Pro3 (”—B) , )

K Ps

- _ q: o _ ol
rne Pe = —— — xpurepwii [lekie mus nporecca kunenns; Ky = ————
o oa Epk’s"'n:'

— Kputepuii azo-

BOTO NpeBpallieHus; d, — HAPYXKHBIH JAMaMeTp KoJbleBoro kaHana; f., = d; — d, — sxBuBa-
JICHTHBIN TUaMeTp KOJbIEBOW IIenu; d, — BHYTPEHHUI TuaMeTp KOJIbLIEBOTO KaHaia; Py — JaB-
JIEHUE BOJIBI B CUCTEME OXIAKIEHUS; £y, — OAPOMETPUYECKOE JNABICHHUE.

. . 19
B 1ByXTakTHOM Ju3ene ¢ MONEpevyHO-KOHTYPHON IPOAYBKOU r-il-,ﬂ,; KO3 PHUIMEHT TerI00T-

Ja4d OT KPBIIIKK IWIMHIPA K OXJIAKIAIOIICH BOJE COCTaBISIET MpuMepHO tug= 2700 Bt/ n C
YMEHBIIEHHEM 4acTOTHI BpameHus ot 550 10 400 06/MuH a, moHmkaetcs ot 2700 go 1975 Br/m?,
a pu paboTe 10 Harpy304HOM XapaKTepUCTUKE a, IPAKTUYEeCKU He MeHseTcs. TemnepaTypa mo-
BEPXHOCTH, OMBIBAEMO} BOJIOM, B cpeiHeM cocTasisieT nmpumepHo 120 °C, Boabl — 65 °C. Tak kak
JIaBJICHHE BOJbI COCTABIISIET 3 KI'C/CM’, YKa3aHHas TEMIIEPATypa MEHBIIE TEeMIIEPATyPhl HACHIIIIC-
Hus. Takum 0Opa3oM, B TaHHOM Cy4yae HET YCJIOBHMU JJIS MOSIBICHUS OOBIYHOTO ITy3BIPHKOBOTO
KUIIEHMs], U TEIIO0T/1a4ya, B OCHOBHOM, OIPEJEIIETCS] CKOPOCTBIO IBUKEHUS BOJBI, a TaKXkKe BHO-
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panyeil KphIIKA. DTUM MOKHO OOBSICHUTH CHIDKEHHE a; MPU MOHMKEHHH YacCTOTHI BpAIICHUS
KOJICHYaTOTO BaJia, TaK KaK MPOU3BOJUTEILHOCTh BOJISHOTO HAcOca MPOMOPIMOHATBHA YacTOTE
BpallleHUsl KOJIEHYaTOro Bajia, a BUOpalys — KBaJpaTy yIriIoBOM CKOPOCTH.

HccnenoBanue TEmI0OTAauM B OXJIQXK/IAIONIYI0 BOAY OBUIO TakyKe MPOBEICHO Ha KPBIIIKAX
LWIMHJpA pa3IMdHbIX KOHCTPYKTUBHBIX BapHaHTOB Au3esns tumna J[70.

Kppimika nuinuHIpa ¢ BCTaBHBIM CTATbHBIM CTaKaHOM MO ()OPCYHKY U CHEIHAIBHBIM MPO-
XOJIOM BOJIbI B CEUEHUM MEX]y KJIanmaHaMmH (BJI0JIb OCH KOJIEHUATOro Baja) XapaKkTepusyercs: 60-
Jiee OpraHu30BaHHBIM MMOTOKOM BOJBI Ha HauOoJiee HArpeThIX y4acTKax JHUINA M MEHbIIEH Ke-
CTKOCTBIO 110 CPAaBHEHHUIO C LIEJIBHOJIUTON KPBIIIKOM.

B Taxkoii kpsinike npu temmnepatype Boxsl 65-70 °C, naBnenun Boabl 3,5 Krc/cMm? Temmepa-
Typa TeII00TAatoIe nosepxHoctu He npesbimmaer 120 130 °C.

Koa¢duImenT TennooTaaun Ha eprudepuu JHUIIA cocTaBiser 3487-4650 Br/#*, a B cpen-
HEW 4acTU KPBIIIKH, IJIeé CKOPOCTh IPOTEKaHUs BOIBI HauOombllas, sz — 7000 + 2300 Br/m”
OT0 MOXKET ObITh O0BSICHEHO BO3SHUKHOBEHUEM MEPUOAMUYECKOTO My3bIPbKOBOI'O KUIIEHUS B TpHU-
CTEHHOM CIIO€ BCJIEJICTBME BHOpAIMM KPBIIIKK MPH yKA3aHHOM BBINIE TeMIIepaType TerooT-
JTAOIIEH TOBEPXHOCTH.

B kpeinke mwnmuHapa cepuiiHoro muzens /170 MHTEHCHBHOCTH TEIUIOOTAAYM HECKOJIBKO
YMEHBIINIACH U COCTABIISIET B CpeHeil uacTu quuima ~ 3487 Br/m”, a na nepudepun — 2325 Br/m”.

B kpbliiike nuianHapa yeTbipexTakTHoro nusens 6UH-25 Ha pexkuMe HOMUHAIBHOM MOIIHO-

o o KT -

ctu (. = 8,1 —; 1 =500 06/MuH) K03 PuuneHT TermnooTaaun coctapister 1743-2900 Br/m~.
o o B

Crnemyer OTMETUTH, YTO MPH padOTe HAa TEHEPATOPHON XapaKTEPUCTUKE KOAPPUIIHEHT TEIUI0O0T-
Jlauu CYIECTBEHHO M3MEHSETCS; B 3TOM ClIydae OKa3blBalOT BIUSHHE PacXo]l BOJbI Uepe3 KpbILll-
Ky LWINHApA U €€ BUOparusl.

s pacdyera ko3(pduumeHTa TEmI00TAaYM B BOAY B IEPBOM MNPHOIMKEHHMH MOKHO BOC-
M10JIb30BaThCs KpUTEPHAIIbHBIM ypaBHeHUEM (2). Ecnu npu nanbHeiem pacuere OyeT moayde-
Ha TeMIlepaTypa TEeIUIOOTIAIOIEeH MOBEPXHOCTH, MPEBBIMIAIOIIAs TeMIEpaTypy HACBIIICHUS OX-
JaXJaroleil BoAbl MPU JaHHOM JIaBJI€HUHM BOJBI, TO CIEAYET MPOU3BECTH pacueT M0 KpUTEpHU-
allbHOMY ypaBHEHHIO (9).

Cnmcok ucnoIb30BaHHOM JIUTEPATyPhI

1. Pozen6nur I'.b. Ternonepenaua B quzensx. M.: Mammunoctpoenue, 1977. 216 c.

2. Ceméno B.C. TemioHanps>KeHHOCTbh U JIOJITOBEYHOCTh LIMIMHAPOIOPIIHEBON TPYMIIbI
cyaoBbix auseneil. M.: Tpancnopr, 1977. 162 c.

3. Temmorexnuka. TexHudeckas tepMoanHamuka u Teruionepenada / M.K. OBCSHHHKOB,
E.I'. Opnosa, .M. Kocteues. CIIG.: Hectop-Uctopus, 2013, 292 c.

T.Y. Perelygin
Dalrybvtuz, Vladivostok, Russia

HEAT TRANSFER FROM THE WALLS OF THE LINER AND THE CYLINDER
COVER TO THE COOLING WATER

The heat transfer from the walls of the liner and the cylinder cover to the cooling water is character-
ized by a complex heat exchange mass in the cooling cavity: the presence of local zones of the wall layer,
where the aggregate state of the cooling water changes when it is forced to move and vibrates the heat-
dissipating surface.

Caenenusi 00 aBrope: Ilepensirun Tuxon FOpbeBuu, CMc-312, e-mail: prol00tikhon@
gmail.com
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Cexknus 3. JIEKTPOOBOPYIOBAHUME CYJA0B

YK 681.2+639.2.001

M.IO. bapbuibckuii
Hayunslii pykoBoauresns — B.Sl. Mo10o4koB, 1OIEHT
OI'BOY BO «lanspeioBTY3», BraguBoctok, Poccus

U3MEPUTEJIb TEMIIEPATYPbI MOPCKOM BO/IbI J1JI51 TIOUCKA CAWUPHI

Paccmampusaromes ocobennocmu cxemomexHuKu . KOHCMPYKYuu yugposoeo OUCmMaHyuoHHO20 U3-
Mepumens memMnepamypuvl 015l NOUCKA CKONAEHU CAlpbl.

Ha3nauyeHue AMCTAHUHMOHHOIO U3MepHUTeJIsl TeMnepaTypbl. J[aHHas pa3paboTka U3MepH-
TEJsl MPEJCTaBIsIeT CO00M CyZ0BOM IUGPOBON HM3MEPHUTENb TEMIEPATYyphl, NpeIHa3HAYCHHBINA
KaK JiJI1 MOPCKUX MPOMBICIIOBBIX, TaK U MCCIIEOBATEIbCKUX CYJOB U Ul MPOMBIIIJIEHHOTO HC-
MIOJIB30BAHUsI U3MEPEHUS TEMIIEpATyphbl B arpECCUBHBIX Cpelax. B wacTHOCTH, OAMH U3 BapuaH-
TOB €0 M3TrOTOBJIEHMSI PEAHA3HAYEH JUIsl HENPEPHIBHOTO AMCTAaHLIMOHHOIO U3MEPEHUs TEMIIEpa-
Typbl MOPCKOM 3a00pTHOM BOJbI CTAllMOHAPHBIM JAaTYUKOM TEMIIEPATypbl, PACIIONIOKEHHBIM Ha
KOpITyce CyJHa, 6€3 OCTaHOBKH Cy/IHA Ha MPOBEACHUE U3MEPEHHA.

JlaTumk TemrepaTypbl 00JIer4aeT MOUCK CKOIJIEHUH Calipbl B MPUIIOBEPXHOCTHOM CJIO€ MOP-
CKOM BOJIbl HEIIPEPBIBHBIM KOHTPOJIEM TemuepaTypbl. I3BECTHO, UTO calipa KOHLEHTPUPYETCS U
MTOJIHUMAETCS B IPUIIOBEPXHOCTHBIE CJIOM BOJBI IPU TEMIIEPATypPe MOPCKOM BOJBI B mpenenax 11
C. ObHapysKeHHE 3THX YYaCTKOB BOJBI CYIIECTBEHHO 00JIErYacTcs MPH HANMYHH M3MEPHTEINs
TEeMIIEpaTypbl, MO3BOJIAIONIETO MPOU3BOIUTH HETIPEPHIBHBIN 3aMep TeMIepaTyphl BOJIbI 6€3 ocTa-
HOBOK CyJHa.

[IpencraBnenue nHGopMauu 0 TEMIIEpaType IPOU3BOIUTCS B LU(POBOM BHIE HA Tpexpasz-
PSAHOM CBETOJIMOIHOM MHJMKATOPE C MHAMKAIMEN 3HaKa TEMIIEpaTypbl B YETBEPTOM pas3psizie.

W3mepuTens BBIOIHEH B CYyJ0BOM HCIIOJIHEHUM M UMEET T€PMETUYHBIN KOPIyC JaT4UKa U
OpBI3rO3alUIIEHHBIN KOPITYC 3JEKTPOHHOTO OJI0Ka, KOTOPbIE COSTUHSIIOTCS MEXIY COO0M Tpex-
KHWIbHBIM KabeneM. CxeMHOe peleHre U3MEPUTENsl MO3BOJSET UMETh PACCTOSHUE COECTUHEHHS
JaTduKa U 0JIOKa U3MepHUTeNsLHOro mpudopa 10 200 m.

JIJ1s mOBBILIIEHHUS] TOYHOCTH W3MEPEHUS], YCTPaHEHUs BIUAHUSA CUH(A3HBIX TOMEX, yCTpaHe-
HUS BIMSHUS U3MEHEHUS HANPsDKEHUsS B JaHHOM BapuaHTe udmeputens npumeHena bBUC anano-
ro-udpoBoro mpeodpa3zoBarTess, 4YTO CYIIECTBEHHO MOBHIIIACT CTAOUILHOCTh TTOKA3aHUN H3Me-
pHTENs BO BpEMEHH, 00JIeryaeT ero HaCTpOHKY M PEryJIMpPOBKY, YMEHbBIIAET KOJIUYECTBO DJIEMEH-
TOB B CXE€ME€, YCTPAHSAET 3aBUCUMOCTh IMOKA3aHUW OT HANPSHKEHUS MUTAHUS U MOBBIIIAECT HAJECK-
HOCTb U TOUHOCTh n3MepeHuil. ALIIl onpenenser 3Hak TeMieparypbl aBTOMaTUYECKH.

KoHcTpyKTHBHBIE M cXeMOTeXHHYeckHe TpeGoBaHusi K u3Mepurtesio. [Ipu paspadoTke
KOHCTPYKIIMH M MOHTQ)XHOW CXEMBbl U3MEPHUTEINIS YUUTHIBAINCH TPeOOBaHUS, 00YCIOBICHHBIE KaK
cnenuduKoi paboThl U3MEPHUTENSI HA Cy/IHE, TaK U CIIEIUPUKON MTPOBEACHUS U3MEPEHUI TeMIiepa-
Typbl 0€3 OCTaHOBKHM CyJHA YAAJICHHBIM OT U3MEPUTEIHHOTO MPUOOpa CTAIIMOHAPHBIM JIaTYUKOM:

- KOHCTPYKIUSI KOPITyca 3JIEKTPOHHON YaCTH U3MEPHUTENsl JOJIKHa ObITh BBIMIOJIHEHA B CYy10-
BOM HCIIOJIHEHHH JUISI YCIIOBHM paOOTHI AJIEKTPOHHOTO OJIOKA B XOJJ0BOI pyOKe CyaHa ¢ BO3ZMOX-
HOCTBIO 3a3€MJICHHUS KOpITyCa;

- KOHCTPYKIMS JTaTYMKa JOJDKHA OBITH BBHIIIOJHEHA B F€PMETHYHOM YJIApONPOYHOM HCIOJ-
HEHUU 7151 pabOThl B MOCTOSSHHOM KOHTaKT€ ¢ MOPCKOW BOJON M MEXaHWYECKUMHU Harpys3Kamu,
00yCIIOBICHHBIMH ITOTOKOM 3a00PTHOI MOPCKO BOABI U JIbJIA;
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- YyBCTBUTEJIbHBII 3JIEMEHT JAaTYUKa JOJKEH MMETh Mallyl0 TEIUIOBYIO MHEPLHIO, YTO MO-
JKET ObITh JOCTUTHYTO KOHCTPYKTHBHOM TEIMJIOBOW Pa3BA3KOM UYBCTBHUTEIHHOTO 3JIEMEHTa JaT-
YHMKa OT 3alIUTHOIO KOPITyca 1aTYMKa, CMOHTUPOBAHHOTO Ha KOPITyCE CY/AHA;

- TaK Kak JUIMHa KaOess MeXIy JaTYUKOM U W3MEPUTENbHBIM MPHUOOPOM MOKET BapbUpPO-
BaTbCs B OOJBIIUX TpeJeNiax, TO JOJKHO OBITh MPUMEHEHO CXEMOTEXHHYECKOE PEelICHHE s
YCTpaHEHUS BIUSHUS BEIMYUHBI CONPOTUBIICHUS JKWJI KaOens W BETUYMHBI U3MEHEHHUS COMpO-
TUBJICHUS KW KaOems OT OKpy’Kalolllel TemmepaTypbl Ha TOYHOCTb M3MEPEHMsI TEMIIEpaTypbl
3a00pPTHOM BOJIBI,

- JIOJDKEH OBITh 00JIETYeH MOHTAaK M3MEPHUTENS HA Cy/IHE MPUMEHEHHEM Pa3beMOB JJIS JaT-
YUKa U MUTAHUS AJI1 OOJIETYEHUsS] MOHTa)a-IeMOHTa)Ka, PEMOHTA M3MEPUTENS B YCIOBHIX pe-
MOHTa Cy/IHa B JIOKE U B YCIOBHUSX MPOMBICIIOBOTO peiica;

- JIOTHKHA OBITH MPEAYCMOTpPEHa YHU(PUIIMPOBAHHOCTD U TMOJIHAS B3aHUMO3aMEHSEMOCTh BCEX
JATYUKOB pa3padaTbiBaeMOil cepun U3MEpHUTENeH i 00JieryeHusi peMOHTa MOHTaXKa, HaCTPOii-
KU U 3aMEHBl;

- TOJHKHA OBITh MPUMEHEHA CTaHAapTHAs MPOMBIIIJICHHAs TPayHpOBKa MPUMEHSIEMBIX J1aT-
YHKOB;

- JIOJKHO OBITH IPETyCMOTPEHA MPOCTOTAa HACTPOMKHU M MOACTPOUKH M3MEPUTETIEN B yCIlO-
BUSX DKCIUTyaTallMM Ha CyJIHE, B TOM YHCJIE U [P 3aMEeHEe J1aTUMKa;

- IOJKHA OBITH MPEAyCMOTpPEHA BO3MOKHOCTh TPayHPOBKU U MPOBEPKH TOYHOCTH U3MEPH-
TEJIBHOIO 0JIOKA B YCIOBUSX CYy/IHA;

- JOJbKHA OBITh MPEIyCMOTPEHAa BO3MOXKHOCTH M3MEHEHUS JUIMHBI KaOelsl, COSIUHSIIONIETO
JaTYUK U U3MEPUTETbHBINA OJ0K B 60mbIux npeaenax (1o 200 m) 6e3 HapylIeHHs TPagyUupPOBKU
npubopa;

- JIOJIKHO OBITh MPEJYCMOTPEHO NMUTAHUE CUTHAIbHBIX JUHUM U MUTaHHE CXEMbl HU3KUM
HaTPSDKEHUEM;

- HAMOTKA JIaTYMKa J0JKHA UMETh KOHCTPYKTHBHOE BBIINOJIHEHHUE, UCKIIOYAIOIIEE BIMSHHUE
CHJIBHBIX TIEPEMEHHBIX 3JICKTPOMATHUTHBIX TMOJIEH pabOTaIOMMX AIIEKTPOMArHUTHBIX arperaTtoB
CyJlHa.

DJleKTpUYecKHe XapaKTepucTUKH u3Mepurtessi. [Ipu pa3paboTke y3II0B H3MEpUTENS
INPUHUMAJIUCh BO BHUMAHHE CJEAYIOUINE XapaKTEPUCTUKU U MapaMeTpbl U3MEpUTels, 00yclioB-
JICHHBIE KaK pealbHbIMU YCIOBHIMH M3MEPEHUMN, TaK U XapaKTEPUCTUKAMU MPUMEHSIEMbIX KOH-
CTPYKTUBHBIX PEIICHUH U 3JIEMEHTHOM 0as3bl:

- JIMAIa30H U3MepsAeMoii TemrepaTypsl ot - 4 °C go +50 °C;

- IMCKPETHOCTD M3MepeHus Temieparyps + 0,1 °C;

- OCHOBHAsI TIOrpeInHocTh u3Mepenus 0,1 °C;

- HauOoJbIIast JUIMHA COSAUMHUTEIBFHOTO KaOems OT JaT4rKa A0 U3MEPUTENLHOr0 Ipubopa 10
200 M, Ipu CONPOTHUBIICHUHN KIJT Kabenst He Oomee 5 Owm;

- mutanue mmepurtens: 220 B, 50 I'u, cnenuanbHbIX TpeOOBaHUA K CTaOMIBHOCTH HAmpsi-
JKEHUS ¥ YaCTOTHI HET;

- motpebsiemast MOIHOCTH 10 BT;

- TabapuTHI KOPIyca JIEKTPOHHOTO OJI0Ka U3MEPHUTEIIS (BapHaHT B CYJOBOM HCITOJTHCHHH) —
15x15x15 cm;

- IpayupoBKa EPBUYHOTO U3MEPHUTEIHHOTO MpeodpazoBaTens (qaTyuka) — rp. 23.

Oco0eHHOCTH CTPYKTYpPHOIl cxembl u3MepuTeas. CTpyKTypHas cxeMa U3MEpUTENs y4u-
TBIBAeT CJeayIouiie TpeOoBaHus:

- YOPOIIECHHE NPUHIUITUATIBHON CXeMBI U yJICIIEBICHNUE JIEMEHTHON 0a3bl;

- TIOBBIIIIEHHE TOYHOCTH M3MEPEHUS TeMIepaTyphl 03 MOBBIIICHUS! TPeOOBaHUI K HCTOYHH-
Ky IUTaHUS;

- MaJioi 3aBUCUMOCTH TMOKa3aHUI OT U3MEHEHUS HAMIPSKSHUSI TUTAHUS;

- TIPOCTOTHI JIMHUAPU3ALNU XapAKTEPUCTHKH AATYMKa B 3aJlaHHOM JHAla30HE TeMIIepaTyp
JUTsl PABHOMEPHOCTH M MUHUMH3AIUH MIOTPEHTHOCTH 110 BCEMY U3MEPSIEMOMY TUANa30HY;

- MaJloil YyBCTBUTEIBHOCTH HU3MEPUTENSI K 3JIEKTPOMArHUTHBIM MOMEXaM CYJIOBOTO dJIEK-
TPOOOOPYIOBAHUS;
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- BO3MOXXHOCTH TOAKIIOUEHHUS yAAJICHHO Pa3MENIEHHOTO JaTyuka (COTHH METPOB) O€3 To-
BBIIICHUS TOTPEITHOCTH U3MEPEHUS TEMIIEPATYPHI.

[1sTh MEpBBIX TPeOOBAHMIA pelIeHbl BHIOOPOM CTPYKTYPHON CXEMBI U3MEPHUTENSI C UCIIOIB30-
BaHHMEM XapaKTEPHUCTHUK aHajoro-mudposoro npeodpazosarens (ALIl) u cnmapenHoro omepanu-
OHHOT'O YCHUJIUTES.

B03MOXXHOCTH yJJaJIEGHHOTO pa3MEUIeHNs] JaT4MKa U HE3aBHCHMOCTb IOKA3aHUN U3MEPUTEN
OT BEJIMYMHBI CONPOTUBIICHUS COCIUHUTEIBHON JTUHUN M U3MEHEHUS €€ CONPOTHUBIEHUSI OT TEM-
MIEpATypPbI PELICHBI IPUMEHEHUEM MOCTOBOM CXEMBI C TPEXIPOBOIHBIM MOJACOECIUHEHUEM Y IAJICH-
Horo natynka. CTpyKTypHast cxema U(ppOBOro M3MEPUTENS TEMIIEPaTyphl IPUBE/ICHA HA PHCYHKE.

Pabora n3mepurens mo cTpyKTypHoi cxeme. V3mMeHeHue TeMIiepaTypbl BOAbI BbI3bIBAET
M3MEHEHUE COIMPOTHUBIICHUS MEIHOro naryuka temmepaTypbl DT1, 3HaueHMe conmpoTUBIEHUS,
MPOMOPIMOHANIEHOE U3MEPseMON Temmepatype, mpeodpasyercs B Onoke El, mpeacrapustomem
CXEMOTEXHUYECKH HEYpPaBHOBELIEHHBII MOCT, B IPONOPLUOHAIBLHOE M3MEHEHHE HalpsKEHUS.
[TpeoOpazoBarens E1 muraercs o crabmimmsaropa Toka G1 cTaOMIIBHBIM TOKOM TSI UCKITIOYCHHS
BIIMSIHUSI U3MEHEHHUSI HANPSKEHUSI HA MOCTOBYIO U3MEPUTEIILHYIO CXEMY.

JIuHeapu3anusl XapaKTEPUCTUK JaTYMKa OCYIIECTBIISAETCS U3MEHEHHEM TOKa 0OpaTHOU CBS-
34 C 33JJaHHOM XapaKTEPUCTUKOW JIMHEApU3aluu, ONPEACISAEMON HEIMHEWHBIMH CBOWCTBAMHU
MEJIHOTO AaT4YHKa. JTO MO3BOJIIET UMETh 33JJaHHYI0 TOUHOCTh U3MEPEHU B IMPOKOM JAHANa30HE
TEeMIIepaTyp.

BbixogHOW curHal ¢ HEYpaBHOBEIIEHHOTO u3MepurenbHoro mocra El ycunuBaercs mac-
MTa0OHBIM ONEPALMOHHBIM ycuinuTeneM Al 1 mocTynaeT ¢ ero BbIX0Ja Ha aHAJIOTOBBINM BXOJ aHa-
noroBo-1udposoro npeodpazosatens Ul. B Ul 3to HampspkeHue npeodpasyeTcs: B U poBoi
KOJI, TPONOPIIMOHABHBINA N3MEpsieMOil B JaHHBIM MOMEHT TeMIiepaTrype. 3HaueHue u(poBoro
koia macmrabupyercs B Ul B udpoBoii Ko, HEMOCPEICTBEHHO OTOOPaKAIOIINI H3MEPSIEMYTO
TeMIIepaTypy B Tpex paspsiax ¢ tounoctsio +1 °C.

ALII Ul paboTaet no NpUHLIUIY JABOHHOIO HHTETPUPOBAHUS C aBTO-KOPPEKTUPOBKOM «HY-
J5» ¥ aBTOMAaTHUYECKUM OIpeIeJICHUEM HOJISPHOCTH BXoHOoro curnaia. ALlll, B koHeuHOM uTO-
re, IPOU3BOJUT MPeoOpa3oBaHNe HAMPSHKEHUS, MPONOPLUOHAIBHOTO TeMIiepaType, B U poBoi
koza. AL takxe BbIpaOaThIBae€T 3HAK BXOJHOTO aHAJOTOBOIO CHUTHAlNA, T.€. B HAIEM Cllydae —
3HaK TeMIIepaTypsbl.

E1 Al Ul

A A
DTI1 /' \

H1.1 |H1.2 |H1.3

U2

A 4
A 4
A 4

G1 BII

H1

CtpyKTypHas cxema II(PpOBOTO JUCTAaHIIMOHHOTO H3MEPHUTENS TEMITePATy Pl

Bb160poM 0OMOpHOro HampsKEHHUsI U €ro MOACTPOUKONW MOYKHO IMPUBS3aTh 3HAUEHUs UpPO-
BOI'0 KOJIa K 3HAYEHUSAM TeMIIepaTypbl — IPOU3BECTH MACIITAOMPOBAHNE BBIXOJHOTO LIM(PPOBOro
KO/Ia TaK, YTOObI MOJIy4YUTh Ha MHJIUKATOpPE LU(PPOBbIE 3HAYEHUS, COOTBETCTBYIOIINE 3HAUEHUIO
TeMmrepaTypsl B iuppoBoM aecatuaHoM koxae. Ha Beixone ALIIT takke pacmonoxkeH mudparop
U3 ABOMYHOIO KOJia B KOJ CEMHUCErMEHTHOro nHaukaropa U2, Kk KOTOpoMy HOAKIIOUEH Ludpo-
BOM Gs1ok mHAuKauu H1 — MaTpuma cBeToIMOHbIX HHANKATOPOB, OTOOpaXkarolast U3MEPEHHYIO
TEMIIEpaTypy.
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[udparop sBrIseTcst cocTaBHOM yacThio uHTErpambHoro AL u cimyxuT mis mpeodbpazoBa-
HUs dpoBoro koaa ¢ Beixoaa ALIT B kog ceMHcerMeHTHOrO MHAMKATOPA, T.€. IS COrjlacoBa-
HUs ¢ nudpoBeIM Tabs0. Ha BeIxoae mudparopa pacmnonokeH YCUIUTENb 110 TOKY sl COTJIaco-
BaHU 10 NOTPeOIIEMOMY TOKY C BHEIIHUM LU(POBBIM MHIUKATOPOM. IHIMKATOP BHICBEUNBAET
TEKyllee 3HaUECHUE U 3HAK TEMIIEPATypPhl BOJBI.

[TuTanue Bcex y3IIOB OCYLIECTBISETCS OT cTaOmin3upoBaHHoro Oyoka nutanus BII, Beipa-
OaTpIBarOLIEro Ha0Op HEOOXOAMMBIX HAIPsDKEHUN C 3aJaHHBIMM NapameTrpamu. biiok nurtanus
BKJIIOYAET MOHWKAIOUIMH TpaHchopMaTop, GUIBTPbI HUKHUX YacTOT, apaMEeTpUUECKUe cTabu-
JIM3aTOPBI M CIYKUT JJIs IUTaHUs Bcex y3i10B usmepurens: AL, naaukaTopos, onepanyoHHBIX
YCHJIUTEICH W M3MEPHUTEIBHOW MOCTOBOW CXEMBI uepe3 crabmuim3atop Toka. [lutaercs mamepu-
TEIb OT CETH NMepeMeHHOro Toka HampspbkenueM 220 B, 50 I'm wepe3 tpanchopmarop T1. Jlns
cTaOMIM3aluyu JABYIOJSIPHOTO HANpsKEHUsS MPeyCMOTPEHbI MapaMeTpUyecKre CTaOMIN3aTOPhbl
Ha anemenTax VD1, R18 u VD2, R19. O6pasuoBoe Hanpspxenue ans AL u crabunmsaropa To-
Ka CHIMAEeTCs C JISJIUTENS HalpsDKEeHUsS Ha pe3uctopax R16, R17, oHo nomonHUTEIHRHO QHIBTpPY-
ercst KongeHcatopom C12.

s obecrieueHus: B3aMMO3aMEHSIEMOCTH TEPMOIATYMKOB HCIIOJIB30BAaHBl METHBIE TEPMO-
METpPBI COIPOTUBIICHUSI, aHAJIOTUYHBIE 110 TPAAYHPOBOYHBIM XapaKTEPUCTUKAM CEPUIHO BBINTyC-
kaembIM TepmornpeodpazoBatessim TCM-6114 'OCT 6651-72 co ctanAapTHOHN rpaaydpOBOYHON
CTaTUYECKON XapaKTEPUCTUKOM Tp. 23.

Hudposoii UCTaHIIMOHHBIN H3MEPUTEIh TEMIIEPATYPhl MOPCKOW BOJIBI IO X0y CynHa 0e3
€ro OCTAaHOBKH NOBBIIMAET 3((PEKTUBHOCTh MMOUCKA Calpbl, KOTOpask KOHIIEHTPUPYETCS U MOAHU-
MaeTcs K OBEPXHOCTH MpH TemnepaType, 6iau3koit 11 °C.
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CoBpeMeHHbIE UHIUBUIYaJIbHbIE CPEACTBA 3alIUTHI OT DJIEKTPUUECKOr0 TOKAa 0ueHb 3 dek-
TUBHBI. DTO MOKHO TIOHATH MO 0OHAIEKHUBAIOIICH CTATHCTUKE, MMOKA3BIBAIOIIEH, YTO MOPAKEHUE
AIIEKTPUYECKUM TOKOM KaK IPOU3BOACTBEHHAsI TPaBMa CTAJIO0 BCTPEUAThCS ropa3fo pexe, a Ha
HEKOTOPBIX MPENNpHUITHIX BOOOIIE CBEICHO K HYJI0. B mpoliecce skcmiiyarauu 31eKTpoycTa-
HOBOK TIPHU OTNPEAENECHHBIX YCIOBUSIX Ja)KE CaMble COBPEMEHHBIC MEpPhI 3aIIUTHI, 3AJI0KEHHBIE B
KOHCTpyKUMHU WK npeaycmotpenHsie [1YD (IIpaBuiia ycTpoiicTBa 311€KTPOYCTaHOBOK), HE MOTYT
obecrieunTh O6e30macHOCTh padoTaromux. [lostomy ITYD mpenycmaTpuBaioT 00s3aTenbHOE TPU-
MEHEHHUE 3alIUTHBIX CPEJCTB MpPHU OOCIYKHUBAaHUH JECUCTBYIOUINX 3JEKTPOycTaHOBOK. K 3ammr-
HBIM CpEJICTBaM OTHOCATCS MPUOOPHI, almapaThl, HEPEHOCHBIE U MEPEBO3UMBIE TPUCTIOCOOIICHUS
U YCTPOMCTBA, CIy’Kallle JUIs 3alUThl IepCOHaNIa, padOTaIOLIEro B 3JIEKTPOYyCTAHOBKAX, OT IO-
paKEHUs DJIEKTPUUYECKUM TOKOM, OT BO3ACHCTBHSI 3JIEKTPUUECKOW IIyTH, MPOJYKTOB TOPEHUS,
AIIEKTPOMATrHUTHOTO TOJISI, MAJCHUSI C BHICOTHI U T.II.

Jlnist Havyana Hy’>KHO MOAPOOHO OCBETHTH 3TOT Borpoc. CpencTBa OT MOpaXKEHHs AIIeKTpUYe-
CKMM TOKOM MOTYT ObITh OCHOBHBIE U JIONIOJTHUTEIIbHBIE.

OCHOBHBIMU TEXHUYECKUMU CPEJCTBAMH 3AIIUTHI SBISIOTCS:

- 3aIIUTHOE 3a3€MJICHUE;

- ABTOMATHUYECKOE OTKIIIOUCHHE MMUTAHUS (3aHYJICHHE);

- YCTpOICTBA 3aIIUTHOTO OTKIIOYCHHUS.

3azemnenue cHUXKaeT 10 0€30MacCHON BEIHYU-
Hbl HAIIPSDKEHUE OTHOCUTEIBHO 3€MJIM MeTajuInye-
CKHX YacTel AJIEKTPOYCTaHOBKH, OKa3aBLINXCA MO
HANpsDKEHUEM TPH TOBPEXKICHUU HW3OJSIHUH. 3a-
IIUTHOE 3a3€MJICHHE — MPEAHAMEPEHHOE DJIEKTPH-
YECKOE COEIMHEHHUE C 3eMJIeH WM €€ HKBHUBAJICH-
TOM HETOKOBEAYIIMX YacTel AIIEKTPOYCTAaHOBKH,
KOTOpBIE MOTYT OKa3aTbCsl IIOJl HaIpsHKEHUEM
BCJIE/ICTBHE 3aMbIKaHMsI Ha KOPILYyC U IO JPYTUM
npuyuHaM (MHIYKTUBHOE BIIMSHHE COCEJIHUX TO-
KOBEIYIUX YacTel, BBIHOC MOTEHIIMANa, pa3psa
MOJIHHH | T.I1.). DKBUBAJIEHTOM 3€MJIU MOXXET OBbITh
BOJIa PEKH WJIM MOPsI, KAMEHHBIA yrojb B Kapbep-
HOM 3aJIeTaHUH U T.I.

3anynenue — NpeAHAMEPEHHOE DJIEKTPUUECKOE COEIMHEHHUE C TIIyXO 3a3€MJIEHHOM HeiTpa-
JBbI0 TpaHChopMaTopa B Tpex(a3HBIX CETSIX METAUTMYECKHX HETOKOBEAYIIUX YacCTeH, KOTOPHIE
MOTYT OKa3aThbCsl MO HampshDKkeHHeM. B ceTsx onHO(pa3HOTO TOKAa YacTH JEKTPOYCTAHOBKH CO-
€AMHAIOTCS € TIIyX03a3€MJIEHHBIM BBIBOJOM MCTOYHMKA TOKA, a CETSIX MOCTOSIHHOI'O TOKA — C 3a-
36MJICHHOM TOYKOM MCTOYHMKA. [Ipy 3aHyJIeHHM HEUTpasnp 3a3eMII€TCA Y MCTOYHUKA MUTaHUS.
Ota cucteMa uMeeT HauOousbliee pacnpocTpaHeHue. OHa CUMTAeTCS OCHOBHBIM CPEJICTBOM
obecredyeHHst IEKTPOOE30MacCHOCTH B TPeX(a3HBIX CETAX C 3a3eMIICHHON HEUTpPalbio HaMpshKe-
Huem 10 1000 B.

3awumubim omrnOueHueM Ha3bIBAETCS aBTOMATUYECKOE OTKIIIOUEHHUE 3JIEKTPOYCTaHOBOK
npu 01HO(PA3HOM MPUKOCHOBEHUH K YACTSIM, HAXOAIIMMCS MOl HAMPSHKEHUEM, HEIOMYCTUMbIM
JUI 4eloBeKa, W (WJIM) MPH BO3HUKHOBEHHM B 3JIEKTPOYCTAHOBKE TOKA YTEUKU (3aMBIKAHUS),
IIPEBBILIAIOIIETO 3a/1aHHbIE 3HAUCHUSI.

Hasnauenue 3alIMTHOTO OTKIIIOUEHUSI — OoOecreueHue 3eKTpo0e30nacHOCTH, YTO JOCTHUra-
€TCsl 3a CUET OIPAaHUYEHHS BPEMEHU BO3/AECHUCTBUS OMACHOIO TOKA Ha YEJIOBEKA. 3aluTa OCylle-
CTBIISIETCA CHEIUATBHBIM YCTPOUCTBOM 3amuTHOTO oTKiIoueHus (Y30), koTopoe, obecrieunBaeT
ANIEKTPOOE30MacCHOCTh MPHU MPUKOCHOBEHUHU YEJIOBEKa K TOKOBEAYILIMM YacTsM 00OpYyIOBaHUS,
MO3BOJIAET OCYIIECTBIATH MOCTOSHHBIN KOHTPOIb U30JSIMH, OTKIIOYAET YCTAHOBKY MpPU 3aMbl-
KaHUW TOKOBEAYILHX YacTEX Ha 3eMJII0. J{JIs 3aIMUThI JI0AEU OT NOPAKEHUS DIEKTPUUECKUM TO-
koM npumenstores Y30 ¢ TokoM cpabaTteiBanust He 6osee 30 MA. OGacTh MPUMEHEHHUSI 3aIINT-
HOTO OTKJIIOUYEHHUS — DJIEKTPOYCTAHOBKHU B CETSAX C JIOOBIM HAMNPSHKEHHUEM U JIIOOBIM PEKUMOM
HEUTpaJIH.

Puc. 1. IlepeHoCHOE 3alTUTHOE 3a3eMIICHNE
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Haubonbiiee pacnpocTpaHeHUE 3allUTHOE OTKIIFOUEHHE TOJYYHIIO B 3JICKTPOYCTAHOBKAX,
HCIIONIBb3YEMBIX B CETSIX HampspkeHueM 10 1 kB ¢ 3a3eMiieHHO Wi M30JIMPOBAHHON HEUTPAIIBIO.

K ocroénbim MHINBHIYATEHBIM CPEICTBAM 3a-
[IUTHI OT TIOPAXKEHUS DIEKTPUUYECKUM TOKOM OTHO-
CAT JUAJICKTPUYCCKUE TEPUYATKH, H3OJUPYIONTUEC U
TOKOM3MEPUTEIIbHBIC KIICIIH, MOHTEPCKUI HHCTPY-
MEHT C M30JHMPYIONIMMH PYKOSITKAMH, TOKOHWCKATE-
au (mpu paboTe C CEeThI0 C HAMpPSIKECHHEM MEHee
1000 B).

IIpu pabote c ceThio ¢ HampspKeHHEM Ooliee
1000 B mpumeHst0oTCS pa3iMuHOrO pojaa yKa3aTeiau
HaIpsHKEHUs:, 000pyI0BaHUE U Pa3HbIE H30JUPYIO-
M€ YCTPOMCTBA, a TAKKE U30JIUPYIOIINE IITAHTH U
kiemu. JlonomHutensHble. B 3Ty kaTeroputo o0bIu-
HO BBIJICJSIIOT BCE OCTaJIbHBIC CPEJICTBA WHIUBHUTY-
AITbHOMW 3alUTHI, HAIPUMED, CHEIHATbHBIEC TalIOIIH,
Camoru, KOBPUKHU U JOPOXKKHU, a TAKKE MOHTaKHBIC
mosica, TO3BOJIsIIOIIME Oe3omacHo paboTath Ha
00JIbI1I0I BBICOTE, KaHATHI, IECCTHUIIBI PA3HBIX TUIIOB
Y MOHTEPCKHUE KOTTH.

Jlononnumenvuvie W3OIUPYIOMIUE 3aUTUTHBIC
Cpe/ICTBa CIyXKaT JJIsl YCWJICHHS 3aIUTHOTO JICHCT-
BUSI OCHOBHBIX 3alllUTHBIX CPEJICTB, BMECTE C KOTO-
pPHIMH OHU TPUMEHSIOTCS. JTH 3allUTHBIC CPEACTBA
He 00JaaroT AOCTaTOYHOW W3OJSAIMEH W HE MOTYT
CaMOCTOSITENIbHO 00ECIIEYHTh 3aIIUTY OT MOPAKEHUS
AIIEKTPUIECKUM TOKOM. Kpome TOro, oHU HpUMEHs-
FOTCS JUTS 3aIUTHI OT HAMIPSDKCHHUS I1ara.

[[TaroBeIM HampspKeHUEM (HAIPsDKEHUEM IIIara)
HA3bIBACTCS HANPSDKEHUE MEXKAY ABYMsI TOYKaAMU
[[ENU TOKa, HAXOJSAIIUMUCS OJIHA OT JIPYrOol HAa PACCTOSHUM Iara, Ha KOTOPBIX OJTHOBPEMECHHO
crouT venoBek. [llaroBoe HampspKeHHE 3aBUCUT OT YJIEIBHOTO CONMPOTHUBIICHUS TPYHTA M CHJIBI,
MIPOTEKAIOIIET0 Yepe3 Hero ToKa.

OcCHOBHBIE W JOTOJTHUTEIHHBIC 3alUTHHIE CPEACTBA BO BCEX OIMEpaIUsaX MOJDKHBI MpUMe-
HATBCSI COBMECTHO, TIPHYEM JOCTATOYHO MPUMEHUTh OJHO OCHOBHOE W OJIHO JIOMOJIHUTEIHLHOE
cpenctBo. B HEOOXOAMMBIX Ciy4yasiX KpOME OCHOBHBIX M JIOTIOJHHUTEIBHBIX H30JIUPYIOIINX
CPEIICTB JIOJDKHBI IPUMEHSATHCS BCIIOMOTATEIbHBIE CPECTBA (3aLUTUTHBIE OYKH, OPE3CHTOBBIC PYy-
KaBHWIIBI, PEAOXPAHUTEIBHBIC TI0sCA, CTPAXYIOIINE KaHAThI, BPEMECHHBIC OTPAXKICHHS, TTEPSHOC-
HBIC 3a3€MJICHHSI M IPEyTNPEIUTEIbHBIC TJIAKATHI).

Oepasicoarowue 3aIATHBIE CPENICTBA MPEAHA3HAYCHBI JUII BPEMEHHOTO OTPaXKJICHHUSI TOKO-
BEIYIIUX YacCTeH, K KOTOPHIM BO3MOXXHO CIIyYaifHOE TPUKOCHOBCHHE WM TPHUOIIKEHUE Ha
OTIaCHOE PACCTOSIHUE, a TAKXKe IS MPEAYNPEkKICHUS OMMOOYHBIX ONeparuii ¢ KOMMYTaIMOH-
HBIMH anmnaparaMu. K TakuM 3aluTHBIM CPEJCTBAM OTHOCSATCS BPEMEHHBIE MEPEHOCHBIE OTPaXK-
neHus (IIHUTHI, KIETKH), H30JUPYIONINe HAKIAJKH, KOJIMAKH, BPEMEHHBIC TIEPEHOCHBIE 3a3eMile-
HUS Y TIPEAYTIPEKTAOITUE TUTAKATHI.

CpenctBa 31eKTpoOE30MacHOCTH PA3AEAIOT Ha O0IIETEeXHUUECKHE, CIICIIUAIbHbBIE U CPEJICT-
Ba WHAWBUIYATHHOMN 3aIUTHI.

OO01eTeXHUYECKUE CPECTBA 3AIIUTHI:

1. PaGouas n3onamnus.

2. JIBoitHAs U30JISIINS

3. Orpann4eHne JOCTyTa K TOKOBEAYITUM YaCTsAM (KOXKYXH, KOPITYChI, 3aTTyIIKH U T.I1.)

4. 3anuTHbIC OJOKUPOBKU

5. [loHm’eHHOE HANPSIKEHHUE B CETH

Puc. 2. Jlnsnektpudecknii U30IUPYOLINH
WHCTPYMEHT

Puc. 3. UnnuBuyanbHbIe CpeiCTBA
3amUTHl IpU PaboTe C HAMIPSHKEHUEM
oosee 1000 B
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Br16op TOro mim MHOTO croco0a WM CpPeICTBA 3alIUThHI (WM MX COYCTaHUN) B KOHKPETHOMN
AIIEKTPOYCTAaHOBKE U 3(P(HEKTUBHOCTH €r0 MPUMEHEHUS 3aBUCST OT IEJIOTO psiia (HaKTOpOB, B TOM
qucle:

- OT HOMUHAJIBHOTO HANIPSKEHUS;

- pona, GOpMBI U YaCTOTHI TOKA JIEKTPOYCTAHOBKH;

- ciocoba 3eKTpocHabKeHus (0T CTAIMOHAPHOW CETH, OT aBTOHOMHOTO MCTOYHHUKA IHTAa-
HUS 3JIEKTPOIHEPTUen);

- pekrMa HeMTpaiu UCTOYHHKA TpeX(a3sHoro Toka (cpeaHeil TOUKH UCTOYHHKA ITOCTOSHHO-
ro TOKa) — U30JIUPOBaHHAs HENTpaib, 3a3eMIICHHAsI HENUTpaJlb;

- BUJIa UCTIOJTHEHHUS (CTallMOHAPHBIE, TIEPEABUKHBIE, IEPEHOCHBIE);

- YCIJIOBUM BHEILIHEHN CPEbL;

- CXEeMBI BO3MOYKHOTO BKJIFOUCHUS YEJIOBEKA B IIENb TPOTEKAHUS TOKa (TIpsiMoe oaHo(pa3Hoe,
npsiMoe AByxX(ha3Hoe MPUKOCHOBEHHE; BKIFOUCHHE 10,1 HANIPSDKEHUE 1I1ara);

- BUa paboT (MOHTaX, HAJIaJIKa, UCTIBITAHUS) U JIP.

B nepByto ouepens, 0lHAKO, HYKHO YETKO COOJIIO/IaTh BCE HEOOXOAMMBIE YCIIOBUS TEXHUKHU
0€30MacHOCTH M IKCIUTyaTallud — TaK WHAMBHAYAJIbHBIE CPEICTBA 3AIIUTHI OT AJIEKTPUUYECKOTO
TOKa MpOCIy>XaT BaM HaMHOro jgojieiie. Kpome Toro, mepea KakIbIM NPUMEHEHHUEM MacTep
JIOJDKEH TIIATENIbHO OCMOTPETh BCE, YTO OH COOMpPAETCsl MCIOIb30BaTh, U MPHU HATUYUU HEHC-
MPaBHOCTEHN TYT K€ CAATh BEIlb B PEMOHT, IMOJY4YMB 3aMeHy. Mcronp30BaTh BEl, KOTOPHIE, KaKk
BaM Ka)kKeTCs, HEUCIIPABHbBI, HU B KOEM cllydae Hesb3s. O0s3aTeIbHbIM YCIOBUEM SBIISETCS U TIe-
puoauYeckas TMOJHas MpPOBEpKa CKIAJOB C HEOOXOIUMBIM OOOPYIOBAaHHEM — H3OJIUPYIOLINE
CBOIICTBA JIOJDKHBI POBEPATHCS MUHUMYM pa3 B roJl (ONTUMaIbHBIM BapUaHTOM OyJIeT MpoBEpKa
pa3 B moJrojia, 0COOEHHO €CJIH BHI €Ille HE JI0 KOHIIA JOBEepsieTe BEIOPAHHOMY IPOU3BOIUTEIIO).

JI1st mpoBepKU JUAJIEKTPUUECKUX CBOMCTB BCE M3OJIMPYIOIIUE 3AIUTHBIE CPEACTBA MOBEP-
raroTcs 3JIEKTPUYECKUM HCIIBITAHUSM TMOBBIIIEHHBIM HampskeHneM yactoroit 50 I'n mocne usro-
TOBJICHUA U TIEPUOJUYECKU B Tpollecce IKCITyaTtanuu. Bee 3aluTHeie H30IMpYIOIIKe CpecTBa
XPaHATCS B 3aKPBITHIX MOMEIIEHUSIX U 3aMIMINAIOTCS OT BO3ACHCTBHS BIArd, MbLUTH U MEXaHHYe-
CKHX MOBpexkAeHHH. [lepyaTku, OOTHI, TATONIM U KOBPUKHU JTOJKHBI OBITh 3alUINEHBI OT BO3/CH-
CTBUSI XUMUYECKUX BEIIECTB, COJTHEUHBIX JIy4ei U TeIlIa HArpeBaTEIbHBIX TPUOOPOB, B IPOTHUB-
HOM CJIy4ae BO3MOXHO pa3pyIIeHUE PE3UHBI

Cnucox uCnoIb30BaHHOM JIUTEPATYPHI

1. [https://www.ronta.ru/articles/mery zashchity ot porazheniya elektricheskim tokom/].

2. [http://www .ktovdome.ru/ohrana truda i tehnika bezopasnosti v_gazovo/tehnika bezop
asnosti_v_gazovom_hozyaystve/77/10746.html].

3. [http://www lipok.ru/siz/siz-ot-porazheniya-el-tokom/].

4. [https://elektrik-master.ru/sredstva-zaschity-ot-porazhenija-jelektricheskim-tokom.html].

I.A. Gavrilchenko
Dalrybvtuz, Vladivostok, Russia

PROTECTION OF A PERSON FROM ELECTRIC SHOCK

In accordance with GOST 12.1.009-76, the term «electrical safety» means a system of organizational
and technical measures and means to protect people from harmful and dangerous effects of electric cur-
rent, electric arc, electromagnetic field and static electricity.

Caenenusi 00 aBrope: ['aBpunbueHko Mnbs Anekcanaposuu, OMc-312, e-mail: karate.
v2.0@yandex.ru
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VJIK 621.31 (075.8)

N.0. Kypasnés
Hayunsriit pyxoBogutens — E.I1. MatadoHoBa, kaH[. TeXH. HayK, JOLEHT
OI'BOY BO «lanspeioBTY3», BraguBoctok, Poccus

BPAINAIOHIUECHA SJEKTPUYECKHUE MAILINHBI
Paccmompenwvr nogvie paspabomiu 6 dnekmpomexHuxe.

CoBpeMeHHbIE TEHJCHIIUU PA3BUTHS IEKTPOMAIINHOCTPOCHHSI TECHO CBA3AHBI C CO3JJaHUEM
HOBBIX YCOBEPIIEHCTBOBAHHBIX 3JIEKTPUUYECKUX MAILUUH, dKCIUTyaTallUel, )KU3HEHHBIM LMKIIOM,
PEMOHTAMHU CYLIECTBYIOIIUX M€HEPATOPOB M MOIIHBIX JBUTaTeNel AJS pa3IMYHbIX MEXaHU3MOB
Ha 3JIEKTPUYECKUX CTAaHIMIX U UX NPUMEHEHHEM JUIsl T€HEPALUU eKTpudeckoi snepruu. Ho-
BBIE€ MEXTYHApOIHbIE pa3pabOTKH B ATOM 00JACTH PETYISPHO OOCYKIAIOTCS Ha CECCUAX M KOJI-
noksuymax CUI'PD (Mexaynaponausiid CoBeT 1o OOJBIINM 3JIEKTPUUYECKUM CHCTEMaM BBICOKOTO
HaIMpsDKEHUs), a TaKKe UCCIEeNoBaTeNIbcKoro komutera Al «Bpamatomuecs anekTpudeckue mMa-
LIVHBD.

Tak, pupma «Anbcrom» (Ppannus-LIBeiinapus) npeacraBuia IPOSKT NU3TOTOBICHHS CBap-
HOT'O pOTOpa KPYMHOTO YETHIPEXIOIIOCHOTO T€HepaTopa IpU yCIOBHM OOECIEUYEeHHUs! ero Mexa-
HUYECKOW TMPOYHOCTH HA YPOBHE, COOTBETCTBYIOLIEM
LHEHTpalbHBIM poTopaM. IIpoToTHn cBapHOro poTopa
st typooreneparopa 900 MBT aromHOl 35eKTpo-
CTaHLMHU HAaXoAUTCA B 3KkcIuryarauuu ¢ 2013 r.

NHTepec k TakuM KOHCTPpYKUIMSIM BO3HUK B 2008 T.
B To Bpems ka3zanoch, 4TO HW3TOTOBHUThH LENBHYIO IO-
KOBKY poTopa BecoMm 280 T HE IpecTaBiseTCs] BO3-
MOYHBIM HIIM TPEOYET OYECHb [UIMTENLHOTO BPEMEHH  puc | TIpOTOTHIT CBAPHOTO POTOPA TSt
(3-4 rona). Takum oOpa3om, puck octarbest 0e3 poTopa Typ6oreneparopa 900 MBT
IpY TUIAHUPOBAHUU PEMOHTOB OBbUI BBIIIE, YEM TEXHH-

YECKUH PUCK OT UCIOJIb30BAaHUS CBAPHON KOHCTPYKLMH C TEOPETUYECKU BO3MOXHBIM CHM)KEHHU-
€M CPOKOB 3KCILTyaTalluyi poTopa.

ABapus Ha PakycuMme U3MEHWIIA MTOAX0]1 K KOHCTPYKIMH poTopa. Cpok 3aepKKU TOCTaBKU
3allaCHOT0 POTOpa CTajl MPUHIMIIKAIBHO BaXKHBIM M MOATOMY TeNeph JiBa Moaxojaa (MOHOOI0U-
HBIH WM CBApHOW) K KOHCTPYKITMHM POTOpa UMEIOT MPaBO Ha CyIiecTBOBaHKE. BriOop ompenernsi-
eTcs SKOHOMUYECKUMHU COOOPaKEHUSMH, CBSI3aHHBIMU B TOM YMCJIE CO CPOKaMM ITOCTABKHU 3arac-
HOT'O POTOpPA TOX WJIM MHOW KOHCTPYKIHUU.

Oupma «Xutaun» (Snonus) B cBoéM noknane Ha ceccun CUI'PD onucana npenmyiiecTsa u
IIPUYMHBI UCIIOJIB30BAHUS THAPOTEHEPATOPOB C MEPEMEHHOM CKOPOCTHIO ISl TUAPOAKKYMYJIU-
PYIOLIMX CTAaHIMHA Ha mpumepe arperata MoIHocThi0 467TMVA/460MW. Camslii 6051b1I0M THI-
poarperar KADC ¢ mepemeHHO# ckopocThio Obul ycraHoBieH B «Tokyo Electric Power
Company (TEPC).

bnok KazunogawaUnit 4 Ob1 BBelleH B 3KcIuTyatanuio 9 utons 2014 r. u o ceit neHp pado-
TaeT HOpMajbHO. B HacTosmiee Bpems B SnoHuu mocne Tpareanu Ha Pakycume BCe aTOMHbBIE
OJIOKHM BBIBEJICHBI W3 JKCIUTyaTallMd, W MO3TOMY pOJb OOpPAaTUMBIX THIPOArperaToB OOJBIIOM
MOIITHOCTH Ype3BbIYaiiHO BeJMKa, OCOOEHHO I MOKPBITHS MaKCUMYMOB Harpysku. biok, pabo-
TAOIIMN B PEKUME C IEPEMEHHOM YaCTOTOM BPAILLICHMSI, UMEET BECbMAa IIUPOKUN TNAIIa30H pery-
mupoBanust MomHocTH 130-400 MBT B pekrimMe reHeprpoBaHUs, TOT/1a KaK OJIOKH C TIOCTOSTHHOMN
4acTOTOHM BpamieHuss MOryT obecrieunts pexum 260-400 MBT. Takas onepanyioHHasi THOKOCTh
BBICOKO OLICHHWBAETCS FTeHEPUPYIOIUMHI KOMIAHUAMU M CUCTEMHBIMU OTIEpPaTOpaMH.

Vuuxanonwiti eenepamop 400 MBA ¢ ko3 dumnmentom momaocTH 0,8 ¢ BO3IYIIHBIM OXJIaXK-
neaneM ANSALDO pa3paboTan Ha 6a3e CyIIECTBYIOLIET0 FeHepaTopa ¢ BO3AYIIHBIM OXJIaXKae-
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HUEeM MoiHOCTEI0 360 MBA, 50 I'l. YBenumueHue MONTHOCTH OBLIO JOCTUTHYTO 32 CUET OITH-
MU3alUY TEII000MeHa MPU KOCBEHHOM BO3YILTHOM OXJIAXICHUU OOMOTKHM CTaTOpa M HEeToCpe/I-
CTBEHHOM PaJIMaIbHOM OXJIAXKICHUU CEPIACYHHUKA, BHIBOJOB reHEepaTopa M MyTEM MPOAO0IHLHOTO
oXJaxKaeHUsI 0OMOTKH poTopa. TepMopeakTHBHAS U3OJSIHS, COOTBETCTBYIoIas knaccy F, mmu-
POKO HCITOJNIb3yeTCsl (PUPMOM KaK C BO3AYITHBIM, TaK U BOJOPOJIHBIM OXJTKICHUEM JIaxe Mpu 00-
Jiee BBICOKHMX HAIPsDKEHUAX U YBEIMYEHHBIX 3JEKTPOMArHUTHBIX cujiax. ['eHepaTop paccuuTaH
Ha paboTy Kak C IMapoBOM, TaK U ¢ Ta30BOM TypOuHOW. OpraHu3aius mepeMenieHus BO3 Ty ITHBIX
MOTOKOB IIpHBeJieHa Ha puc. 2. Mcrnonb3yeTcs TeII000MEHHUK «BO3IYX-BOJAY.

[Ipu pa3paboTke TreHepaTOpa WCIONB30BAINCH KOHEYHO-IJIEMEHTHBIA aHamu3 u 3D-
npoekTupoBanue. ['eHepaTop paccUrTaH Ha MCTOIb30BAaHUE CTATUYECKOM CUCTEMBI BO30YKICHUS
M Ha YaCTOTHBIM IMyCK OT MpeoOpa3oBaTelis 4acTOThl. B KOHCTPYKIIMU YBEIUYEHO KOJIUYECTBO
CTSDKHBIX TPU3M 10 cpaBHEHHIO ¢ reHepaTtopoMm 360 MBA nns obecrieueHus 3acTUYHON TMOJ-
BECKH CepJICUHMNKA B Kopiryce reHeparopa. Ctep:keHb 0OMOTKH CTaTOpa MPEICTaBICH HA pHC. 3
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Puc. 2. Opranuszanus nepeMenieHus BO3AYIIHBIX TOTOKOB Puc. 3. CrepxxeHb OOMOTKHU CTaTOpa

XapakTepucTUKU reHeparopa: u3rotopurens — «Arnaldo Engenia», Tun renepatopa TRY-
L63, cranmapt ICE 6003A-1, xouctpykius IM7305, oxnaxaenue ICBAIW7, nHomuHanbHas
moitaocts 400MBA.

[lepexox oT 6a30BOT0 pekMMa K peKUMY TIEPEMEHHOM HAarpy3KH MPUBOAUT K MOBBIIIICHHBIM
MEXaHWYECKUM HaNpsHDKEHHUSIM MOYTH BCEX KOMIIOHEHTOB I€HEpaTopa, B YACTHOCTU, CTATOPHBIX
00OMOTOK M COOTBETCTBEHHO — K YCKOPEHHUIO CTapeHHs M M3HOca TeHeparopa. ITo TpedyeT mo-
BBIIICHUSI BHUMAHUS K ONEPALMOHHOMY OOCITYKMBAHHUIO TAKUX T€HEPATOPOB M OKA3BIBAET BIIUS-
HUE HAa TEXHUYECKHE TpeOOBAaHMS 3aKa3yMKa K CHCTEMHBIX onepaTopoB. M3MeHeHus pexumMoB
Tak)Ke BIEKYT 3a COOOH MOSIBICHHUE TOTOTHUTEIbHBIX TPEOOBAaHHI CO CTOPOHBI CUCTEMHOTO OTIe-
paropa.

Hoesvie esponeiickue mpebosanusi ENTSO-E « eenepamopam:

- TIOBBIIIICHHUE JHAala3oHa W3MepeHus 4actoTel cetu (47,5 -51,5 Hz) u Gonee BbICOKHE OT-
KJIOHeHU HanpsbkeHus (85-115 % HOMHHATBHOTO HAIPSIKEHMUS)

- PUCK MarHMTHOT'O HACBHIIIEHUS CEP/ICUHUKA CTaTOpa

- YBEJIMUEHHBIH TOK pOTOpa — NeperpeB 0OMOTKH.

- 4acThI€ ITyCKU-OCTAaHOBHI TYpOOT€HEPAaTOPOB:

1) HarpeB U OXJIaXKJIEHHE KOMIIOHEHTOB
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2) TEpMOIMKIMPOBAaHUE OOMOTOK U CEPJICUYHUKA, PUBOIAIIEE K YCKOPEHHOMY CTapEHHIO.

- OBICTPOE M3MEHEHHE HATPY3KH MPH BBICOKUX IPaTUeHTaX U3MEHEHHsI TOKOB CTaTopa U po-
Topa 110 24 % OT HOMHUHAJILHOW HarPy3KHU:

1) O6bICTpOE pacHIMpeHue U CKATHE METHBIX OOMOTOK

2) TepMOMEXaHUUYECKHUE HAIPSKEHUS

- Ooree AUTENBHBIE IEPUOABI BOCCTAHOBJICHUS MOCIIE KOPOTKUX 3aMbIKaHUM BILIOTH 10 250 Mc:

1) cymiecTBeHHO yBETHMUEHHBIE KPyTHIIBHBIE KOJICOaHHsI arperaTton

2) pUCK MOSBIICHHUS TPEUIUH Ha POTOPHBIX (hIaHIax

VYrpapiieHue CpoOKOM CIyObl CTapbIX F€HEPATOPOB IMPH MEPEBOAE UX U3 pexuma 0a30BOH
Harpy3KHd B MAaHEBPEHHBIN PeKUM TpeOyeT BHIMOTHEHUS CIeIYIOUINX II1aroB:

1. OneHKy 0CcTaTOYHOTO CPOKa CIIy>KObI M OLIEHKY pHUCKa — BBIIOJHSAET MOJIb30BaTENb COBME-
CTHOTO C U3TOTOBUTENIEM T'eHepaTopa.

2. Pa3paboTky I1aHa OTIUMU3aNNK 00CTy)KUBaHUs 0J0Ka, OCHOBAHHOTO Ha OIeHKE (prHAH-
COBBIX PUCKOB (aBapUiiHbIE PEMOHTHI, KOJTUYECTBO MOBPEXKICHUN) — KOHTPOJIb MO COCTOSIHUIO.

3. Peanuzanuio J0ATOCPOUYHON MOACPHU3AIUH (OTIPEACTUTh HEOOXOIMMBIE 3aITaCHBIC YaCTH )
WK pa3paboTaTh pelIeHus Mo 3aMeHe, OCHOBAaHHBIE HA IKOHOMUYECKOM aHaJIH3E.

4. YcraHoBnenne online MOHUTOPHHTA W YAAJIEHHOW NTUArHOCTUYECKON CHCTEMBI IS paH-
HETOo MpeayNnpekIeHUs BOZMOXKHBIX MOBPEKICHUHN — YCTpaHEHHUE PUCKa BO3MOXKHBIX aBapUil.

5. [ImaHupoBaHNE MPEBEHTHUBHOTO OOCTY)KMBaHHUS Ha 0a3e OIEHKH PUCKOB, 3aBUCSIIEE OT
pexxrMa paboThl arperara — MUKOBBIN, YMEPEHHBIH, 0a30BBIil.

HayuHo-TexHnueckre KOH(pEpEeHIUU N0 TaHHOM TEMAaTUKE IEMOHCTPUPYIOT ITOCTOSHHO pac-
TYIIUNA YPOBEHb Pa3pabOTKH TEXHUYECKUX PEIIeHU B 00JaCTH CO3AaHUS U MOACPHU3ALIUU Bpa-
maronmxcst MavH. [losiBIieHEe COBPEMEHHBIX MaTepHAIIOB, HOBBIX, 00JIE€ COBEPIICHHBIX METO-
JIOB pacyeTa MO3BOJISIOT MOBBICUTH KAY€CTBO KOHCTPYUPOBAHUS U CHU3HUTH CE0ECTOUMOCTh U3r0-
TOBJICHUSI 000PYI0BAHUSI.

Tax, B IpakTHKy CO3AaHUS MOIIHBIX TypOOT€HEpPaTOpPOB HAUMHAET BXOJUThH MCIIONIb30BAHHE
CBapHBIX POTOPOB, YTO MOJTBEPHKAECHO OMBITOM (UPMBI «ANBCTOM» sl TypOoreHepaTopa 900
MBT aromHoro sHepro6sioka. K HOBbIM pa3zpaboTKamM OTHOCSTCS TaK)K€ CO3/IaHUE U UCITBITAaHUE
bupMoii «AHcanb10» TeHEpaTopa ¢ BO3AYUIHBIM OXJaxXaeHHneM MoutHOCThio 400MBA st pa6o-
THI KaK C TTapOBOM, TaK U C Ta30BOM TypOuHO. Permenue 3Toi 3agaun motpedoBaio, Mpex/e Bee-
0, CyIIECTBEHHOTO YJIYYIIEHHUs CUCTEMBI OXJIAXACHUS, U3MEHEHNUs KOHCTPYKIMM CTEPKHEN cTa-
TOPHOW OOMOTKHM M COBEPIIICHCTBOBAHUS CHUCTEMBI KPEIJICHHUS JIOOOBBIX YacTel CTaTOPHOM 00-
MOTKH B YaCTH CHU)KCHUS YPOBHS BUOPAIIHIA.

MupoBasi TeHJIEHIIUS Pa3BUTHs TeHEpaIluu, 0COOEHHO B cTpaHax 3amaaHoi EBpombl, — me-
peBoJ PHEpProOJI0KOB U3 0a30BOr0 pekuMa pabdOThl B MAHEBPEHHBIM B CBSI3U C MAcCCOBBIM BHE-
JIIPEHUEM BETPOBOM M CONTHEUHOW sHepreTuku. Ocoboe BHUMaHUE YICICHO HEMPEPHIBHOMY MO-
HUTOPHUHTY COCTOSIHMSI TEHEPATOPOB.

CHHCOK HCI0JIb30BAHHOM JINTEPATYPbI

Bununxuit 10./1., Hlakapsua FO.I'. Konnepn «PYCDJIIIPOM», AO «HTL[ ®CK ED2C» //
Oneprus equHon cetu. 2016. No 3.

I.O. Zhyravlev
Dalrybvtuz, Vladivostok, Russia,

ROTATING ELECTRIC MACHINES
New development of electrical engineering.

Caenenus 00 aBrope: Xypasnés Unbs Onerosuy, OHn-312, e-mail: ilyxa60@gmail.com
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VJIK 621.3

T.1O. Ilepenbirun
Hayunsriii pyxoBogutens — E.I1. MaradoHoBa, kaH[. TeXH. HayK, AOLEHT
OI'bOY BO «/lanbprioBTY3», BiaguBocTok, Poccus

YACTOTHBIE ®WJILTPBI HOBOT'O OKOJIEHHSI HA OCHOBE
JTUOKCHUJIA BAHA IS

Heoasnee dvicmpoe pazsumue 6yo0yweil Kocmuyeckou cesasu 8 nonoce ywacmom Ka momusupyem uc-
Ce008aHUe HOBbIX NePeCmMPaUBaeMblX KOMHNOHEHMO8 OJis SMUX NPULOHCEHU C YACTNOMHbBIM OUANAZOHOM,
cpeodu KOmopwix nepecmpausaemvie Quibmpsl ¢ NOJIOCOU NPONYCKAHUS USPAIOM 2TIAGHYIO POJlb.

[TonmocoBble pe30HaHCHBIE YaCTOTHbIE (DUIBTPHI MpPEJHA3HAYCHBI AJS BBIACICHUS WM pe-
KEKIUH (BBIPE3aHUs) ONpeAeaEHHOMN MoJ0ckl 4YacToT. Pe30HaHCHbBIE 4acTOTHBIE (PUIBTPHI MOTYT
COCTOATH U3 OJHOTO, JABYX, MJIHM TpeX KojeOaTeIbHBIX KOHTYpPOB, HACTPOCHHBIX Ha OINpeNeiEH-
HYI0 49actory. Pe3oHaHCHBIe QWIBTPHI 007a1al0T HanOojee KPYThIM MOABEMOM (WM CITaJiOM)
AYX 1o cpaBHEHHIO ¢ APYyTHUMH (HEepe30oHAaHCHBIMH) (unbTpamu. [1o10coBBIE pe30HAHCHBIE Yac-
TOTHBIE (PUIIBTPBI MOTYT OBITH OJTHO3IEMEHTHBIMH — C OJHUM KOHTYpOM, ['-00pa3HbIMU — C IBY-
Mst KOHTYpaMmu, T- u [1-00pa3HbIMH — ¢ TpeMsl KOHTYpaMH, MHOTO3BEHHBIMH — C YEThIpbMS U 00-
Jie€ KOHTYPaMHU.

31ech nmpeagaraeTcs U MoATBEPKAAeTCS HOBBIM MPUHIIUI B HACTPOMKE (PHIBTPaA MOJIOCKOBO-
ro BoaHoBoJa (CPW) ¢ momolpio KOpOTKOro 3aMbIKaHUs CIIMPAIbHBIX KaTyIIEK C JPOCCEIbHON
3acnonkor (DGS) ms u3MeHeHus: pe3oHaHCHON YacToThl. [lepecTpanBaemblii GUIBTP H3rOTOB-
JIeH Ha KPEMHHUEBOMU TOJIJIOKKE C BBICOKUM yAelbHBIM conpoTuBieHrueM (HR-Si) Ha ocHoBe Tex-
Hojoruu, copmectumort ¢ CMOS, ¢ Hcronp30BaHUEM MEPEKITI0YaTeNIsi Ha OCHOBE OKCHJA allto-
MuHUA ToamMHON 1 MkM X 10 MkM 1 300 HM ¢ UCTIOIB30BAaHUEM MEPEXOa U30JATOPA K METAJLTY
(IMT). ®unstp npeanasHadeHn g paboTel B mosioce Ka ¢ HacTpanBaeMbIMU IIEHTPAJbHBIMHU
gactoraMu oT 28,2 I'T'y mo 35 I'T 1.

bnaronmapst mpocToTe MHTErparuu, 00paTUMOMYy H30JATOpPY K mepexonay meramia (IMT),
HU3KOH Temreparype nepexoia M ObICTpOMY NEpPEKITIOUEHHIO, MCII0JIb30BaHUE JIBYOKHCH BaHa-
st (VO,) B kadecTBE PeKOH(UTYpPUPYEMOro pajlovyacTOTHOIO MaTepuaia JaéT BO3MOYKHOCTh
UCIIONIb30BaTh B KOHCTPYKIMH ¢GuibTpa AedextHoe 3azemiuenne (DGS). DGS Obutn BBenEHBI B
2000 r. 1 ¢ Tex MOop IIHUPOKO HCIOJIb30BAIUCH KaK B MUKPOIIOJIOCKOBOM, TaK U B KOIJIAHAPHOMN
BOJIHOBO/IHOM TexHosoruu (CPW) nns npoexktupoBanus CBY-¢uibTpa Ha pa3IuyHbIX YacTOTaX.

NzrotoBnenHsiit punbTp uMeeT Ooiee BHICOKHM auana3oH HacTpoiiku (19 %) npu MeHbIINX
norepsax B K-guanazone u Ha yactore 40 [T, yem m3mepennsle Guiabtpel CPW DGS, npen-
CTaBJICHHBIE B JIUTEpAType Ul TOH ke MOJIOChl 4acTOT. VI3roToBIIEHNE BBIMOJIHACTCS B TEXHOJIO-
ruu, coBmectumorr ¢ CMOS, u HacTpolika TOCTUraeTcsl MyTeM HarpeBaHus IjieHku VO, Bblle
temneparypsl IMT (68 °C), uTo NpUBOAUT K YBEIMYEHHUIO €€ MMPOBOJUMOCTH INPHUMEPHO Ha TpU
MOpsJIKA.

MexaHu3M HacTpOMKH, MPEIJI0KEHHBIN aBTOpAMH, COCTOUT B pa3pe3e 3a30pa B CIUPATILHOM
unaykrope DGS u no6asnenuu B Hero ToHKoro cios VO,. [lonoxeHnue 3a3opa U3MEHSET pe30-
HAHCHYIO YacTOTY (MIIBTPA B «BBIKIIIOUCHHOM COCTOSHHM», & €r0 JJIMHA OKa3bIBAeT 3HAYUTEIIb-
HOE BIMSHHME HA XapaKTEpUCTUKU (PUIbTpa BO BKIIOYEHHOM cocTossHuM. Ha puc. 1, a u 6 u3o-
OpakeHbI pacrionokeHue 3azopa d u uaTerpammst VO, U ero reomeTpuueckue mapamerpsl. Pe-
3yJIbTaThl [0 BEJIMYMHE MapaMeTpa MPOITyCKaHUs paccesiHUs Syi MPEICTaBICHBI HA pHC. 3 ¢ yde-
TOM IIEpBOro Hjeana, MpeacTaBieHHOro Ha puc. 1. IlomydeHHble 3HaueHHs] MOKa3bIBAIOT
BHOcuMbIe niotepu 19,8 ab npu {0 = 28,1 [T u korddunment kadectsa Q = 28, aHaANTOTUYHbBIE
3HAYEHUSIM.
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] tE | A5
-20
a 6 0 10 20 30 40
Frequency (GHz)
Puc 1. a — cxema npennaraemoii hopmer DGS u ee Puc. 2. IMATantmOHHBINA TapaMeTp nepesadn
TUTOILA/IU, OTIpEIEIeMOl Kak a X b (Tomans S,1 — BeMuMHA AT CTPYKTYpHI Ha puc. 1, 6

MPSAMOYTOJIbHUKA, TOKPBIBAIOIIET0 1e(EKTHYIO
dopmy) w =40 MkM 1 g = 24 MKM, s = 60 MKM,
t =20 mMxM 1 a = 320 MmkM; b — BKIrouast
COETMHUTENBHYIO ceTh K I CPW co cpenneit
mupuHON mMHUM W = 100 MkM 1 g = 60 MKM, uc-
NOJIb3YEMOH ISl U3MEPEHHsl yCTpoiicTBa

Ha puc. 4 noka3zanbl XapaKTEpUCTHKH BO BKJIIOUEHHOM COCTOSIHUHM (MIIBTPA CO BCTPOCHHBIM
VO?2 B 3a30pe (cM. puc. 2), paccMaTpuBas NepBbIe pa3Hble AIUHBI 3a30pa. [lo Mepe yBennueHus
JuHbL OT 1 MM 10 11 MkMm Makcumanbhbii IL ymenbsmaercs npumepno ¢ 17,67 nb 1o 9,4 nb, B
TO BpeMs kKak Q GuiabTpoB Takke ymeHbimaeTcs. Ha puc. 5 mokazaHo BIUSHHE NMPOBOJAUMOCTH
wieHku VO, B ee MeTainueckoil gase. M0OXXHO BHIETh, UTO UCIOIb30BAHNE HUZKOIPOBOIAILEH
wieHkn VO, BiamseT Ha MakcuManbHBIA IL 115 (UKCHpOBaHHBIX T€OMETPUYECKHX 3HAYCHUH
IUICHKH.

Croi#t kpeMHUs1 OBUT OCXKACH IS yITyUYIICHUS PaJHOYaCTOTHBIX XapaKTEPUCTUK. 3aTeM CyO-
ctpaT naccuupoBanu 500 HM SiO,, ocaxkaeHHBIM pacnblieHueM. [Inenky VO, nonydanu peak-
TUBHBIM MarHeTPOHHBIM HAaNbUICHUEM, HaUWHAIOIUMCS ¢ 00BbEKTa U3 BaHaAMs. 3aT€M IUICHKY
PHUCYIOT C HCHOJIB30BaHUEM (OTOIUTOrpaguu U MOKporo TpasieHus. [ kontakta ¢ VO, 20 HM
tutaHa u 800 HM aJTIOMUHUEBOW IUIEHKH BIIOCJICACTBUH OCAXKJAIU C MOMOIIBIO UCMAPEHUsS C
AJIEKTPOHHBIM JIy4OM M C MOAHATHUEM PUCYHKA. 3aTeM pachblisuiach IuieHka SiO; TONIMHON
300 aM. OTBepcTHS OTKpBIBAIKCH (hoTonmuTorpadueit u cyxum tpaBieHueM SiO; Ui KOHTaKTa C
JOHHBIM MeTajuloM, U ais coznanuss CPW ocaxxnancst aqroMUHHEBBIM BEPXHUHM CIIOM MeTaia
tommuHOM 2 MKM. Ha puic. 8 mokazano onTuueckoe n300paskeHre W3rOTOBICHHOTO (QHIIBTPA.

-5 -
- Length L
Wocz S -101 11 pm A\
= ——9pm |\
d Vo _:. Il‘vou o 7 pm \\ /
bottom 45{ ——5Hm =
metal — | " ——3 ym
1pm
-20 . . . . \
22 24 26 28 30 32 34
a 6 Frequency (GHz)
Puc 3. a— VO, (oparkeBbIit), MpepHIBAIOIIHA Puc. 4. UmutupoBaHHas BeTUIHHA ITapaMeTpa
criipanbHbIi HHAYKTOP DGS B BEIKITIOUEHHOM S, mepenayu s pa3HO IITMHBI 3aII0THEHHOTO
COCTOSTHHH Y TIPOJIOJDKAIOIINIA €r0 BO BKIIFOUEHHOM 3azopa VO, ¢ y4eToM MPOBOAUMOCTH
cocTosiHAM; b — OoJree OIIM3KOE MpeCTaBICHIE 30000 S/m BeIOpaHHOW TOHKOM TUICHKH
nepexitodatens VO, ¢ ero reoMeTpruIeCKIME mupuaoi 20 MkM 1 TonmuHor 300 HM

napameTpamu
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DGS MoxHO paccMaTpuBaTh Kak ABOMHYIO CIIUPAIbHYIO KaTYIIKy WHIYKTUBHOCTH, KOTOpPast
UMeEeT JIBE CIHpaH, KOPOTKO BbIpe3aHHble, korna VO, HaXOAUTCA B HEMPOBOSIIEM COCTOSHUU
(BeIkJtOUEH). [TonoskeHne nepexkioyaTesnis M0 CIUPaIl ONpeaeIseT 3HaYeHHEe UHAYKTUBHOCTH B
BBIKJIIOYEHHOM COCTOSIHUU M, CJIEIOBATENbHO, 3aJaeT Pe30HAHCHYI0 yacToTy. Ha puc. 6 mokazan
apdexT n3mMeHeHus: 3HaueHus d (MOJOKEHHE pas3pes3a BIOJb CIHMPAlM): PE30HAHCHAs 4acToTa
YBEIIMYMBACTCS C yBenW4deHHeM d, a paspe3 AenaeTcs Jaiblie OT CChUIKM Ha puc. 1, a. MoxHO
BUJETh caBUT ¢ 28 T BO BKIIFOUEHHOM COCTOSIHUU 110 TpuMepHO 34 ['T1 B BHIKITIOYEHHOM CO-
cTosiHMH, Tak Kak d gocturaet 130 MKM.

5 -5 -
o )
3 -10] 5 -10
o —— 5000 S/m &
0 ——10000 S/m @
-15 1 30000 S/m -15
—— 50000 S/m
—— 70000 S/m
-20 T T T T T -20 T . T T T
22 24 26 28 30 32 34 28 30 32 34 36 38 40
Frequency (GHz) Frequency (GHz)
Puc. 5. IMuTupoBaHHas BeIMYMHA TapaMeTpa Sy Puc. 6. IMuTupoBaHHas BeIMYMHA TApaMeTpa Sy
nepeaady A1 U3MEHEHHsI TPOBOAMMOCTH TOHKOH nepeaayu 1Jisl pa3Horo nonoxkeHus d
wieHku VO, mupuHoit 20 MKM, AnuHON 1 MKM nepekmtodarens VO, no cnupanu (Kak moka3zaHo
u TonmuHou 300 HM Ha pHC. 3) B BRIKIIFOYCHHOM COCTOSTHUN

CTouT OTMETUTH, UTO JAJIbHEWIIEE CMEILIECHUE TMOJIOKEHUSI CBETOTEHEBOW TI'PAaHMIIbI BIOJIb
crupanu OyJIeT crocoOCTBOBATH JANbHEUIIIEMY YBEITUYCHUIO JHAINa3oHa MEPEeCTPOUKu. Pe3yib-
TaThl, OCHOBaHHBIC Ha Tepekitouarenae VO, IIMHbI

a.VO, sputtering d.5i0, sputtering " o
"o, 3000 : s LVO, = 1 MKM C y4€TOM MMOCTOSTHHON OTHOCHTEIIb-
HR Silcon Substrate HOM JUAIIEKTPUYECKON poHunaeMoctu er = 30 s
b.VO, patterning .VIAS opening TOHKOM IUIeHKH. KOHeuHble mnmapaMeTpsl H3rOTOB-

Fi! nenHoro ¢unbTpa: a = 320 mxM, d = 130 MkM ¢ miepe-
F-— kmoyareneM VO, mmnoit LVO,; = 1 MkM u mupu-
¢.Ti 20 nm/Al 800 nm Lift-Off f. Al sputtering and etching HOIT WVO; = 10 MKM.

(e @UIbTPHl U3rOTaBIMBAIUCE C MCIOJb30BaHU-
Fil_ €M CTaHIAPTHBIX MHKPOAJIEKTPOHHBIX IPOIECCOB,
HayMHAsE C KPEMHHEBOW TOJJIOKKUA C BBICOKUM
yaensHbIM conpotuBieHueM (10000 Om - cm) Toi-
mMHOM 525 MKM (puc. 7) 3akaHuMBas aMOpQHBIM
cinoeMm tonmuHoM 300 HM. Bennumna mapametpon
[E S,1 mpu 20 °C muis cocrostamst off m 100 °C mst co-

Puc. 7. Ilpouecc n3rotoBieHus
TepECTPanBAEMBIX QHUIHTPOB

CTOSIHUA On (3HAUUTEIHHO BBIIIE TEMIEpaTyphl Ie-

: a pexoa u3onAaTopa K Metamty B mieHke VO;) u xo-

E pOIIIO coryiacyercsi ¢ MojieupoBanuemM. [’ pynmnosas
3a/IepKKa MUMEET IIOCKOEe 3HauyeHue B 000UX CO-
CTOAHUAX, HpeI[CTaBJ'IHIOHII/IX I/IBMepeHHI)Ie ITUKO-
Bbl€ OTKJIOHEHUSI HUke 0,27 HC, HEMHOTO MPEBbI-
aIe cMoaenupoBanHoe 3HadueHue 0,25 He, HO
AQHAJIOTUYHO COOOIIEHHBIM 3HaueHusM. CTOHT
YOOMSHYTH IIOYTH HEPA3IMYUMYIO Pa3sHULY MEXKAY UMHUTUPYEMBIMUA KOMIIJIEKCHBIMU IIapaMeT-
paMI/I 821 nu I/I3MepeHHBIMI/I B O6OI/IX COCTOAHUAX (HaHeCGHHBIMI/I Ha HOBerHOCTB III/IanaMMBI

3D Smith).

500 pm
—

Puc. 8. Onrtrueckoe n3obpaxeHne
HM3TOTOBJICHHOTO (DHITBTpA
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B nmanHO# cTaThe ommcaH MEPBBIM mepecTpanBaeMblii GuinbTpytomnuii amemenT KW CPW
DGS Ha ocHoBe VO,,. UCIIOJIB30BaHNUE KOTOPOTO B KAYECTBE MEPEKIIOUATENS] KOHTAKTHON Cepuu
MOKA3bIBAET BBICOKYIO 3aBUCHUMOCTb MAaKCHMaiabHOIro IL, MOJIydEHHOr0 Ha HAaCTPOEHHOW pe30-
HAHCHOM 9acTOTE OT MPOBOJMMOCTH U JJIUHBI / IIUPHUHBI TOHKOH TieHKH VO,. [laxke ecnu xapak-
TEPUCTUKH COCTOSIHUS Ha (UIBTPE OTpaHUUEHbI MPOBOAUMOCThIO VO, U HEUIeaIbHOU KpeMHHE-
BOM MMOJIOKKOW, BBEJICHHBIE HACTPOMKM KOH(Urypauuu ¢ U3MEHEHHOW (opMON MOTYT mpes-
CTaBJISATh MHTEPEC JJIA YUCHBIX K MCIIOJIH30BAHUIO TUOKCH/IA BaHAIMsI B KaYECTBE OCHOBBI IJICK-
TPOHHBIX YCTPOMCTB CJIEIYIOLIErO MOKOJIEHUS.

Cnucox uCnoIb30BAHHOM JIUTEPATYPHI

1. [http://ieeexplore.ieee.org/document/8263228/?reload=true] Vanadium Oxide Bandstop
Tunable Filter for Ka Frequency Bands Based on a Novel Reconfigurable Spiral Shape Defected
Ground Plane CPW.

2. Hemuos M.B., HemmioBa M.JI. DnekTpoTexHuka u 35ekTpoHuka. M.: Akagemust, 2007.
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Dalrybvtuz, Vladivostok, Russia

FREQUENCY FILTERS OF A NEW GENERATION BASED ON VANADIUM DIOXIDE

The recent fast development of the future space communication in the Ka frequency band motivates
the research of new tunable components for this frequency range applications, among which tunable
bandstop filters play a major role.
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OHPEJAEJEHUE MECT HOBPEXXIAEHHWA JI311 C IPUMEHEHUEM
COBPEMEHHBIX TEXHOJIOI'MH

Paccmompeno onpedenenue mecm nogpeswcoenus JIDI ¢ nomowpio cospementvix npubopos.

BaxxubiM (akTopoM [71si OBICTPOTO YCTPAaHEHHUs TMOCIEICTBUN MOBPEKICHUI BO3TYIIHBIX
nuHui snexTponepenad (BJI) sBaseTcs TOuHOE MUCTAaHIMOHHOE OINpPEACIICHUE MECTa MOBPEXIe-
HUS, YTO MO3BOJISIET YMEHBUINTH 30HY 00Xoaa BJI onepaTMBHO-PEMOHTHBIM NEPCOHATIOM 3JIEK-
Tpuueckux cereil. TouHoCTh ompenenenus mecta noBpexaeHus BJI ocobeHHo BaxHa, eclu Ha
anemeHTax BJI oTCyTCTBYIOT BUAMMBIE clieAbl Po0OO0s, HE TO3BOJISIOIIME JJOCTOBEPHO OMpese-
JUTh MECTO INOBpexAcHUA npu ocMoTpe BJI. BoaHOBBIE METOIBI 1BYCTOPOHHUX MU3MEPEHUH SB-
JSI0TCS HanboJiee TOUHBIMH CPEJICTBAMHU ONPEICIICHUS MECT MOBPEXKICHUS BO3AYIIHBIX JIMHUN
anexkTponepenaun. Vcnonb30BaHue TaKMX METOAOB IMO3BOJSET CYIIECTBEHHO COKPATUTh BPEMs
ITOMCKA ITOBPEXKACHHOTO 3JIEMEHTA BO31yITHOW JIMHUU.

Ocobennocmu 80IHOBbIX MEMOO08.

BonHOBBIE METOIBI IBYCTOPOHHUX M3MEPEHUU OCHOBAaHbl HA U3MEPEHUHM BPEMEHH MEKIY
MOMEHTaMH JIOCTHKEHHSI KOHIIOB BO3AYIIHBIX JMHUU 3JEKTporiepenad (ppoHTaMHU 3JIEKTpoMar-
HUTHBIX BOJIH, BOSHUKIIHUX B MecTe KopoTkoro 3ambikanus (K3). Ilpu nioune L nunuu, ckopoctu
V paclpoCTpaHEeHUs BOJHBI, PA3HOCTH BpeMEHHU At IOCTHKEHHUs (pOHTaMHU BOJIH OJHOTO M BTO-
poro koHuoB BJI paccTosinue | 0T TOUKM KOHTPOJISA 10 MecTa MOBPEKIACHUS COOTBETCTBYET

L At
L=———v. 1
575 (D
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HeoOxonuMmpiM ycoBHEM peaiu3alliid METOJa SBJISETCS CUHXPOHHBIA OTCUET BPEMEHHM Ha
nByx koHax BJI. BonHoBeie MeTtoasl mupoko npumMensitorcs B CIIA, Kurae, Kanane, FOxnoi
Adpuke U XapakTepu3yrOTCs BICOKOM TouHOCThIO onpezeneHus mecta OMII (150-500 m), uto
omnpezensercs ci1adoil 3aBUCUMOCTbIO KOHTPOJIMPYEMBIX BEJIMYMH OT peKuMa padoThl AJIEKTpU-
YECKOW CEeTH, BETMYMHBI iepexoaHoro conporusiieHus B mecte K3 u Buaa K3. Xapakrepuctuku
COBPEMEHHBIX TexHHueckux pemeHuii OMII psga npousBoauTeneil, peaau3yemMble BOJIHOBBIM
METOJIOM, IIPUBEACHBI B TAOIHIIE.

Ha TouHocTh MeTO/Ma OKa3bIBAIOT BIUSHUE MOTPELIIHOCTH CUHXPOHM3AIMH YCTPONCTB, CIIO-
coOBI ompefeNieHus CKOPOCTH PaCHpPOCTPAHEHUS AIEKTPOMArHUTHOM BOJIHBI, TOYHOCTh H3MeEpe-
HUS BPEMEHU MPUXO0/1a MIEKTPOMATHUTHON BOJIHBI, @ TAKKE BHEIIHHUE AJIEKTPOMATHUTHBIE ITOME-
xu. D (PEKTUBHOCTH BOJIHOBOTO METOZA JBYCTOPOHHUX HM3MEPEHUH CBs3aHa ¢ OCOOCHHOCTSIMU
CUHXPOHM3AIMHN U3MEPEHUN MO KOHIIAM JTUHUH. Pa3BUTHE CIYTHUKOBBIX PaJMOHABUTALIMOHHBIX
cucteMm (CPHC), takux, kak GPS u I'JTOHACC, no3Boiuio MOBBICUTH CTENIEHb CUHXPOHU3AIIUU
M3MEpEHUI CO IIKaJI0i BCeMUPHOro KoopauHupoBanHoro spemenu UTC.

IHpunyuner onpedenenus mecma nogpexcoerusi BJI.

IIpu paspabotke crmoco6a OMII ucnonbp30BaHbl MPEUMYIIECTBA MPeoOpa3oBaHus (Pa3zHBIX
TOKOB U HarpsikeHuit BJI B TOkM 1 HanpsiKeHUs: BOJTHOBBIX KaHAJIOB IO BBIPAXKEHUSIM

U, =T,'xU,; , )

]m :Ti_lxph'? (3)

rae U, n I, — mMarpuupl-cTonbusl MofanbHbIx Hanpsokenui 1 TokoB BJL, U, u I, — marpn-

IBI-CTOJIOMBI (Da3HBIX HAMPsKEHUH U TokoB BJI.

Marpuipl npeoOpa3oBaHuii TOKOB 7; U HanpskKeHUU 7, 3aBUCAT OT F€OMETPUHM U PacIolio-
JKEHUs U MapKu IpoBoaoB BJI, uX ynalleHHOCTH OT IOBEPXHOCTU 3€MJIA U OT YAEJIBHOU IIPOBO-
JUMOCTH 3eMiid. MecTta HapymieHus: onHopogHocTi BJI, Takue, Kak TpaHCTIO3UIUS U B OOJIbIICH
CTEIICHU — OTBETBJICHUS OT JINHUM, OKAa3bIBAOT BIMSHUE HA pacIpoCTpaHeHue BoJH. OQHAKO OHU
HEe HCKaxaroT (GopMy (ppoHTa BOJIHBI, YTO MO3BOJISAET 3()(HEKTUBHO MCIOIH30BATH BOJHOBBIE Ka-
HaJIBI TIPH TPAKTHYECKOH peanmzanuu. [IoCKOIBKY HYyJIEBOW KaHal MMeEET 0ojiee BBICOKYIO CTe-
IIEHb 3aTyXaHWsl, AJIs [IOJIy4YEHUs BOJIHBI, HanboJee MpUOIMKEHHOM 1o (hopMe K BOJIHE B MECTE
MOBPEXICHHUS, 11eJ1ecO00pa3HO NPUMEHEHNE MEX Ay (Ha3HbIX BOJTHOBBIX KaHAJIOB.

Hcnonb30BaHne BBICOKOM YacTOTHI JUCKPETU3AIMKM BXOJHBIX CUTHAJIOB TOKOB M HampsKe-
HUI JUHUN 17151 Haubosiee TOYHOro onpesaenaeHus GpoHTa BOJIHBI TPeOyeT BecbMa IIMPOKOH I0-
JIOCHI MPOMYCKAHUS YaCTOT ¢ MUHMMAJIbHBIMM HCKaXXeHUAMU. [IpumensiemMble TpaHchopMaTopbl
Hanpsbkenus: (TH) u tpanchopmatopsr Toka (TT) mpoekTupyroTcst aias U3MEpEeHUs] CUTHAIOB
IIPOMBILUIEHHON YacToThl. Kak nokasanu uccienoBanus, TT MMEIOT MOrPEIIHOCTH aMILIUTY THO-
yacToTHOM Xapakrepuctuku (AUX) ne Oonee 5 %, a dpazo-yactoTHoM Xapakrepuctuku (OUX) —
He Oonee 10 rpaxycoB B auanazone 1o 500 kI'u. Merponoruyeckue norpemnoctu TH cymect-
BEHHO BO3PACTalOT B IMOJIOCE YaCTOT, ImpeBbimaromux 5 k[, OaHako BOJIHOBOM METOJ MOKHO
YCIELIHO MPUMEHATh PA3/€IbHO 110 TOKAM U 110 HANPSKEHUAM, JM00 COBMECTHO. DTO MO3BOJIUT
npu peannzanu OMII BOJTHOBBIM METOIOM MCIIONB30BaTh cepuitHO Bhimyckaemble TT u TH.

JUis yMeHBbIIEHHs BIMSIHUSI OTPa’KEHHBIX BOJH IPOU3BOIUTCS OIpPEAEICHUE HaNpsyKEHUS
IIAJArOIIEH BOJIHBI ISl BOJIHOBBIX KAHAJIOB 10 BBIPAYKEHUIO

U _Um-l-Zm'é’-Im
nag 2 !

rae Z, — BEJIUYNHA, XapaKTEepU3yroas CONPOTUBICHUE BOJHOBOrO kaHana, U, u [, — Hanpsbke-
HUE U TOK B TOUKE KOHTPOJISI.

KoHTponp HampspkeHHs Nafarolleld BOJIHBI MO3BOJISIET OrpaHMuuTh 3aBucuMoctsb OMII ot
W3MEHEHUS COMPOTUBIICHUSI B SHEProcucTeMe, mpuMbikatomei k BJI, u orpuniatenbHOro Bo3ei-
CTBUS IOBTOPHBIX BOJIH, CIIOCOOHBIX UCKa3UTh JOCTOBEPHOCTH MPOLIECCa U3MEPEHHUS.
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Cocrasisitoniie TOKOB U HaIpsDKEHUH BOJHOBBIX KaHAJIOB MPHU MOBPEKACHUSIX OTCTpauBa-
IOTCS OT TOKOB U HAIPSHKCHUH pekuMa, MPEANIECTBYIOMIETO MOBPEXKICHUIO, TyTeM, HaIlPUMeED,
BBIYHMCIICHHS B TEMIIE MPOLECCA PA3HOCTU 3HAYEHUMN SNEKTPUUECKUX BEIMYUH, Pa3/IeJICHHbIX UH-
TEPBAJIOM, KPATHBIM NEPUOTY MPOMBIIIIEHHONW YacTOThl T B COOTBETCTBHUH C BBIPaKEHUEM

U,.(6) = U ()= U_.(t —T),

TJIe ¢ — TEKyIIee BpeMsl.

Tounocts onpeneneHus GpoHTa BOJHBI BO MHOTOM 3aBHCUT OT HMCIIOJIB3yEMOI0 MaTeMaTH-
YecKoro ammapara. B mocnenHue rojasl 3a c4eT BHEIPEHUS MHKPOIIPOLIECCOPOB, CIIOCOOHBIX pe-
THCTPUPOBATh W 00palbaThIBaTh MEPEXOAHBIA MPOIECC C MHTEPBAIOM AMCKPETU3AINU TOPSAKA
eIMHUIL] M JIECATKOB MUKPOCEKYH], 0c000€ BHHUMaHHE OBLIO yJEeNCHO aJrOPUTMUYECKOMY oOec-
NEeYEHUI0 (PYHKIMOHUPOBAHHUS MHUKpPOIpolieccopHbIx ycTpoiictB OMII ¢ momomipio coBpeMeH-
HBIX MaT€MAaTHYECKUX METOAOB 0OpaOOTKM CHUTHAJIOB TOKA M HANPSHKCHUS IEKTPUIECKON CETH.
HauOonee pacripocTpaHeHHbIM Cpeay HUX sBiIseTCs MeTo] npeodpazoBanus Oypee. OqHaKo OH
HE MPUCIIOCOOJICH /ISl aHAJIM3a BHICOKOYACTOTHBIX MEPEXOAHBIX MPOLIECCOB M3-3a TOTO, YTO rap-
MOHWYecKHe 0azucHble QYHKIMH B MIPUHITUIIE HE MOTYT OTOOpaXkaTh Nepenaibl CHTHAJIOB ¢ Oec-
KOHEYHOW KPYTH3HOH THIA IMPSAMOYTOJBHBIX HMITYyJIBCOB, TaK Kak 3TO TpeOyeT OeCKOHEYHO
OO0JIBIIIOTO YMCIIA YJICHOB pAJa.

J. Pobeptcon u I1. Pubeiipo mpeioxKuIvi HCIoJIb30BaTh BEHBICTIIPEOOPA30BAHKE JIJIsl aHA-
JM3a TIEPEXOAHBIX MPOIECCOB B AJIEKTPOIHEPTETHUECKUX CHCTeMax. Pa3noxeHue curHamoB mpo-
U3BOJUTCS 1O 0a3uCy COOCTBEHHBIX (DYyHKIMIT (BEHBIICTOB), 3aHUMAIOLIMX IPOMEKYTOYHOE I10-
JIOXKEHHUE MEXTY FapMOHUYECKMMHU (CHHYCOMAAIbHBIMH) QyHKIMIMU U ¢yHKmed upaka, jo-
KaJIN3MPOBaHHON BO BpeMeHH. OIeHKa aMIUIUTY bl M 3HaKa MOIYJIS MaKCUMyMa HalpspKeHHS U
TOKa ¢ 00euX CTOPOH JIMHUY MO3BOJSAET onpenesanTs Hannuue u Bua K3. Ilpeanaraercs ucnosns-
30BaTh U ApPYyrue crocodbl 00paboTKH U PaCHO3HABAHUS CUTHAJIOB TOKA W HANpPSHKEHUs, HAIIPU-
Mep, Mop¢oJIOTHUECKUi TpanueHT, S-npeoOpa3oBanue, meron ¢puinprpanuu [IpoHu u mpeobpa-
3oBaHue [ mapOepra-XyaHra.

CoBpeMeHHbIE MaTeMaTUYECKHE METOABI onpezencHust (GPOHTa BOJHBI UMEET OTpaHUYCHUS
IPH HU3KOM OTHOIICHWHM CHUTHAI/IIYyM. B CBSI3U ¢ 3TUM Iiesieco00pa3Ho ompesesienne GpoHTa
BOJIHBI IIPOM3BOJIUTH HA OCHOBE aHAJIM3a CUTHAJIOB BO BPEMEHHOM 00JIACTH C MMOMOIILI0 METOI0B
MaTeMaTH4eCKOW CTaTHCTHKH.

MorpewHocTte OMI, ykasaHHas npons-

N2 HavnmeHoBaHKe Cnoco6 OMIN
BOAMTENEM
Qualitrol IDM+ 9 (IDM+18,  MeTog no napamMeTpaM aBapuitHOro PekUMa, BONHOBOW
1 2 + 150 M
IDM+36) (CLUA) METOf, ABYCTOPOHHWUX M3MepeHMiA
2 Qualitrol FL-1 [FL-8) (CLUA) BonHoBol meTop, ABYCTOPOHHMX M3MEPEHUIA +60 M
3 Qualitrol TWS Mk VI [CLLA) BonHoBo# MeToL ABYCTOPOHHUX U3MEPEHUIA +150mM
4 ISA TES 2100 [MTaJ’IVIFI] Bonnoson MeTo ABYCTOPOHHWUX MBMEPGHVIVIL BONMHOBOW i 50
MeTOZ OfHOCTOPOHHMX U3MEepPEeHHI
5 Alstom Reason/RPV-310 OnHOCTOPOHHUIA METO MO NapaMeTpaM aBapuiHoro _
[DpaHums) pexuma, BOJHOBOW METOZ, ABYCTOPOHHUX MW3MEPEHUN
3% (ogHOCTOPOHHMA Mo NapaMeTpam
OAHOCTOPOHHUIA 1 ABYCTOPOHHUI N0 NapaMeTpam asapwitHoro pexumal, 1% (geycTo-
6  Bpecnep-0107.090 (Poccusi)  aBapWiHOTO pekuMa, BONHOBOW MeTod ABYCTOPOHHUX POHHWIA N0 NapaMeTpaM aBapUUHOro
M3MEepeHnn pexxumal, £ 150 — £ 450 M [BonHoBOM
METO, [IBYCTOPOHHWUX N3MEpeH i)
7 HPR-7000 (Kuai) BonHoBo#| MeToq, ABYCTOPOHHWUX USMepEHWIA, MeTo _

no NapaMeTpaM aBapuiiHOro pexKmMa

JlabopamopHule ucnvimaHus.

Meroauka ucnelTanuil ycrpoiictBa BoiHoBoro OMII 3akimrodaeTcsi B BOCIPOU3BEACHUH OC-
orpamm K3 reneparopom curnanoB. Curnansl no koHuaMm BJI mpu pasnuuHbIX napameTpax
noBpexaeHuii Mmoaenupyetcsi B mporpamme ATP/EMTP, npeobpasyercs B dopmar CSV u 3a-
rpy’KaeTrcsi B reHepaTop.

[IpenaBapuiinplii npouecc JIUTEIbHOCThI0 100 MC IUKIMYECKH BOCIPOU3BOAUTCSA T€HEpa-
topoM. [lociie moaunm KomMaHAbl HAYMHAETCS BOCIPOU3BEACHUE aBapUMHOIO MPoliecca JIUTEIb-
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HocThio 100 Mc. Uepes 40 mc mocie Havaga BOCIIPOU3BEICHUS aBAPUIHOTO MpoIlecca reHepaTop
yepe3 NpOMeKyTOUHbIe pesie moAaer curnain mycka OMII, uMuTupys cursan ot peneitHol 3amu-
Thl. [I0 OKOHYaHMK aBapUIHOTO MpOoIlEcca HAUMHAETCS BOCIPOU3BEICHUE CUTHAJIA TIOCIeaBapHii-
Horo mnporecca anuteabHocTbio 100 mc. [Ipu nenblTaHUAX TPOU3BOJMIIACH OLIEHKA MOTPEIIHOCTH
OTIpeNIeICHUs] BpPEeMEHH KOHTPOJIsi (PpOHTA BOJIHBI C TIOMOIIBIO JTAOOPAaTOPHON YCTAaHOBKU (pUCY-
HOK). McnplTaHusl IPOBOJWINCH B OTAEIBHOCTH MO HANpsDKEHUSIM U TOKaM. ['eHepaTopsl CHH-
XPOHHM3HPOBAIMCH MEXIY CO00 M ¢ BCEMHPHBIM KOOPAMHUPOBAHHBIM BPEMEHEM C TOMOIIBIO
npuemHuka curHanoB CPHC. Jlannble naGoparopuble ucnbitanus npooauiuchk [TAO «DCK
EDC» na petictByronmx BJI 110 kB Ilyraun-AxOynak B 2009 r., a Takxke Ha BJI 220 kB Tawm-
0oBckas-/laBermoBckas B 2012 1.
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JlaboparopHas ycraHoBka jyis ucnsitanus OMIT

JlaGopaTopHbI€ HCIIBITAHUS HA YCTAHOBKE MOKAa3aJii, YTO CyMMapHasi OTPELIHOCTb OIpe/e-
JICHUsI BPEMEHH TOSBJICHHS BOJIHBI HE IIPEBBIIIAET 2 MKC. DTO YKa3bIBa€T HA TO, YTO BOJHOBOM
METO/ IBYCTOPOHHUX U3MEPEHUN MOKHO OTHECTH K JOCTATOYHO TOYHBIM cpeactBam OMIL.

Pasnosuonocmu cucmem. Bce mpuMeHsieMble HbIHE YCTPOMCTBA IO MPUHIIMITY JACHCTBUS
MIOAPA3ACIIAIOTC:

1. ®ukcupywume annaparsl, NpeIHa3HAYCHHbIC U ONIPENEIICHNs PACCTOSIHUSA 10 MECTa
noBpexxaenus Ha BJI. [lanHble ycTpolcTBa (PUKCHUPYIOT CUMMETPUYHBIE COCTABIISIIOIIUE TOKA U
HaIPsKEHUST HYJIEBOM TOCIEI0BATEIFHOCTH Ha 000MX KOHIIAX KOHTPOJIUpyeMoH jJuHuu. Takoi
MIOJIXO0/1 TTO3BOJISICT UCKIIOYHUTh BIMSIHUE NEPEXOAHBIX CONPOTUBICHUH 0e3 yuéTra pexxuMoB pado-
ThI JINHUW, TPUMBIKAIOIINX K aBAPUUHOMY YUaCTKY CETH.

Pacu€TtHoe paccTostHue 10 MecTa MOBPEXKACHUSA, KaK IIPABUIO, ONPEACIISIET I€KYPHBIN Nep-
COHaJI Ha JUCHIETYEPCKUX MyHKTax. MIMes mokaszanus nmpuOopa, IucreTdep Mpu MOMOIIM aHalu-
THYECKOT0, rpa)uiuecKoro U rpadoaHaIMTHIECKOT0 METOJIOB OINpENeNsieT PacCTOsSHUE IO MecTa
aBapUMU.

Janee, ompeneneHHOE TakUM OOpa3oM pacCTOSHUE, NepeaaéTcsi PeMOHTHOMY IE€PCOHAITY
COOTBETCTBYIOILIETO MPEANPHUAITHS CETel, KOTOPOE 3aHMMAETCs HEMOCPEACTBEHHBIM OOCITyKH1Ba-
HUEM BO3/YLIHbIX JIMHUH 3JEKTponepenay, A OpraHu3anuu 00Xoa, 0cMOTpa U MOCIe Ty OIero
PEMOHTA HEHUCIIPaBHBIX 3J€MEHTOB ceTH. OCHOBHbIE Pa3HOBUIHOCTH MOJIOOHBIX YCTPOUCTB C 3a-
nomMuHarmumM kouaencaropom: JIMOIL, GUIT, MOU, OUC.

2. AnmapaTtsl Uil Onpe/ieIeHNsl Y4aCTKOB CeTH, MOBPeXKAAeMbIX NPU KOPOTKHUX 3aMbl-
KaHuAX. /[aHHBIC YCTPOHCTBA aBTOMATHYECKH KOHTPOIUPYIOT U (PUKCHPYIOT MJIEKTPUIECKUE BE-
JIMYUHBI IIPOMBIIIJIEHHON YacTOThl B MEPHUOJ aBapUIHBIX PEXUMOB. Mcnonp30BaHUE TaKuUX yCT-
POMCTB IO3BOJISET OYEHb TOYHO OIPEIEIUTD YYaCTKU U onopsl BJI ¢ OBpeKIEHHON U30IIALUEH.
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B cBoro ouepesp, TaHHBIE YCTPONCTBA MOAPA3ACIISIOTCS Ha CJIEIYIONINE TTOABUIBI:

Vrkazamenu yuacmrxoe BJI c¢ nospesicoénnou usonayueti, KOTOpble MPOU3BOIAT KOHTPOIb
CJEAYIOIINX MapaMeTPOB aBAPUNHBIX PEKMMOB B 33a/IaHHBIX TOUKAaX CETH: CHUKEHUE HaIpsiKe-
HUs, YBEJIMYCHHE TOKA, HAlIPaBJIEHHE MOIIIHOCTH B MECTE aBapUH.

Vkazamenu onop ¢ noepescoénnvimu uzonamopamu, KOHTPOIUPYIOIIHE MPOXOKACHUE TOKA
0 3JIEMEHTaM OIOPbI, BHIMIOJHEHHBIM U3 METaJlIa.

Vkazamenu cupnano, umerowux nospexcOEHHyro u3onayulo, BEAylIUe KOHTPOJIb Haa THUpP-
JISTHIAMHU, KOTOPbIE OBLITN MEPEKPHITHI IEUCTBUEM DJICKTPUUECKON JTYTH.

Yempoiicmea nepenocnozco muna 05t onpeoeieHus Mecm 3amMblKaHUull Ha 3eM10 B CETAX, pa-
0O0TaNIMX B PEKUME KOMIIEHCAIUA EMKOCTHBIX TOKOB. B JaHHOM Cily4yae ¢ MOMOIIbIO JaTYMKOB
HaIPSKEHUS U TOKA TPOUCXOIUT KOHTPOJIb IMPOIIECCOB B CETAX MPU 3aMBIKAHUAX Ha 3€MITIO.

Takoro poga cetn 6-35 kB OTIM4arOTCs MalbIM 3HAYEHUEM TOKOB 3aMBIKaHUSI Ha 3€MIIIO,
KOTOpBIE MOPOH MOTYT OBITh B HECKOJILKO pa3 MEHBIIIE TOKOB Harpy3ku. B maHHOM ciydae 1o-
BOJIBHO IIIHPOKOE MPUMEHEHUE TIONYUUITH NPpUObOpsbl NEPeHOCHO20 Mmund, O3BOJISIONINE TIPH Ma-
JBIX TOKAaX 3aMbIKaHUS HA 3€MJII0 TOYHO ONPENEIUTh MECTO MoBpexaeHus. K TakuM ycTpoifct-
BaM OTHOCAT npubopsl «Ilouck-1», «30H/», «BomHa». OHU CITOCOOHBI JOCTATOYHO TOYHO OII-
peaeUTh MECTO MOBPEXKIACHHS M0 TOKaM HYJIEBOW MOCIEAOBATEIIBHOCTH, MPOTEKAIOIIMM B MO-
MEHT 3aMbIKaHUSl Ha 3€MJII0, IMyTEM W3MEPEHHsS] MAarHUTHOTO TOJISI BO3JI€ JIMHUU TIPU TTOMOITH
CHEIHANIbHBIX JaTYUKOB, KOTOPbIE MPEJCTABIAIOT COO0N KATYIIKy MHIYKTUBHOCTH C Pa30MKHY-
THIM (PepPOMATHUTHBIM CEPJCTHUKOM.

Hcnonws3zoBanne mogo0HBIX coBpeMeHHBIX cpeacTB OMII mo3BossieT JoCTHYb CIIeIyIOMNX
pe3yJIbTaTOB:

- 3HAYUTENBHO YIYYIIUTh TEXHUKO-I)KOHOMUYECKUE MTOKA3aTeIH AIEKTPOCHA0KEHHs Hanbo-
Jiee OTBETCTBEHHBIX IMOTPEOUTEIICH;

- MOBBICUTH HAAEKHOCTH PAOOTHI CETEH;

- COKpPATUTh HEJOOTITYCK JIEKTPOIHEPTUU;

- CYIIECTBEHHO COKPATHUTh 3aTPaThl TPY/la HA TIOMCK MECT MOBPEXKICHUM.

CTOUT OTMETUTD, YTO U CETOJIHS MPOU3BOJUTEIN TAKUX YCTPONUCTB HE OCTAHABIMBAIOTCS HA
JOCTUTHYTOM pE3yJbTaTe€ M IMOCTENEHHO YXOIAT OT MPUMEHEHHUS 3JICKTPOMEXaHUYECKUX YCT-
poiicTB. B HacTosiiiee BpeMs HaMeTWIach TBepash TCHACHIIMS HMCIOJIB30BAHUS SJIEKTPOHHBIX
YCTPOWCTB, MO3BOJISIONMINX €€ 00Jee TOYHO OMPEEesTh MECTO TMOBPEKICHUS HA BO3AYIIHBIX
JUHUSX AJIEKTponepeay.
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IDENTIFICATION OF DAMAGED POWER LINES USING MODERN TECHNOLOGIES
Rapid identification of damaged power lines with modern instruments.
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MATPUYHBIIA IPEOBPA3OBATEJb YACTOThI JJIA SJEKTPOIIPUBOJA
ACHUHXPOHHBIX JIBUT'ATEJIEN

Paccmampusaromes ocobeHHOCMU CXeMOMEXHUKU COBPEMEHHBIX CNOCOD08 CO30aHUs npeobpa3osa-
menetl Yyacmomul 011 CY008020 IIEeKMPONPUB0OA NePeMeHH020 MOKd.

[TomynpoBoAHKUKOBEIE TPEOOPA30BATENM YACTOTHI HAXOAAT IIUPOKOE PUMEHEHHUE JUIS DJIEK-
TPOIIPUBOJIa ACHHXPOHHBIX JBUTaTeNell. B 00bIdHOM mpeoOpa3zoBaTesie YacTOThI BXOJHOE TEpe-
MEHHOE€ HaIpsDKEHHE C TIOMOILBIO BBIIPSAMUTENS (AMOJHOIO MOCTa) MpeoOpas3yeTcss B HampsKe-
HUE€ TTOCTOSTHHOT'O TOKA, MUTAIONIEE, B CBOK OYEPE/lb, BEIXOJIHOW MHBEPTOPHBIN MOCT. A moOCe-
HUR yke (HOpMHUPYET BBHIXOJHOW CHUTHANI MEPEMEHHOT0 TOKa TpeOyeMO#l 4acTOTHI, MO/IaBaeMbIil
Ha JBUTATEJIb. JTa CX€Ma UMEET LIEJIbIM PsiJl HEAOCTATKOB:

- MOCTOBBIC BBINIPSMHUTENN IMEPEMEHHOTO TOKA MEPEIAr0T BHICOKUNM YPOBEHb TAPMOHHK 00-
paTHO B UCTOYHHUK MUTAHUS (CETh), a TAK)KE UMEIOT HU3KUI KOI(DPHUIIMEHT MOIIIHOCTH;

- 3BEHO IMOCTOSSHHOTO TOKa MEXJIY BBIMPSMUTEIEM M WHBEPTOPOM TpeOyeT MPUMEHEHHS
TPOMO3JIKMX U HEHAJIEKHBIX JICKTPOTUTHUECKUX KOHICHCATOPOB;

- B OOBIYHBIX KOHCTPYKIIMX MTPeoOpa3oBaTesieil 4acTOThl PEXKUM peKyIepaluu HEBO3MOKEH,
T.€. DJICKTPOIHEPT s HJIET Ha OECIONIE3HBIN HarpeB OKPYIKAIOIIET0 BO3AyXa.

TexHOJIOTHS MAaTPUYHOTO TPeoOpa3oBaTElIs MO3BOJISIET PEIIUTh BCE ATH MPOOJIEMBI — pery-
JUPOBATh YACTOTY C OOJBIION TOYHOCTHIO U PEKYNEPUPOBATH IEKTPOIHEPTHIO C CETh MPHU TOP-
MOJKEHHH.

DneKTpuyuecKas CHIIOBask cxeMma MpocTta: Tpu a3kl MUTAHHS MOJIKIIOYAIOTCS K JIBUTATEITIO
MOCPEJICTBOM MATPHIIBI TMOTYTPOBOJHUKOBBIX JIBYHAIPABJIECHHBIX TEpeKItoUaTeneil K KakIon
daze aBurarens yepe3 CUIOBBIE MOIYNPOBOJHUKOBBIE Koy (puc. 1). CuioBble KItOUM MOJ-
KITFOYEHBI TaK, YTO PHEPTHSI MOXKET KaK MOJBOJAUTHCA K JBUTATEIIO, TAK U OTBOJUTHCS OOpaTHO B
CEeThb MIPU TOPMOKCHUH U PEKYTICPALIUH.
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Puc. 1. CtpykTypHas cxeMa MaTpHIHOTO IpeoOpa3oBaTes

[IpeoOpa3oBaHre YaCTOTHI OCYIIECTBISIETCS CIOKHOM KOMMYTAIMEH KITFOYCH KaKIOU (asbl
KO BceM TpeM (pazam. 3aKOHOMEPHOCTh KOMMYTAIIUU KIIIOUEH UMEET CII0KHYI0 MaTpUYHYIO 3aBU-
CHUMOCTb, KOTOpasi MOKET OBITh pean30BaHa TOJbKO C MOMOIIb0 DBM wmin MHKpompoleccop-
HBIX perynsaTopoB. Kpome Toro, s KOMMyTamuu TpeOYIOTCS MOIIHBIE CUIIOBBIE OBICTPOACHCT-
BYIOIIIME ITOJIYIIPOBOHUKOBBIE KIIFOYM.
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Marpuunslii mpeodpa3oBareib MPUHAUICKHUT K TPyIIe mpeodpa3oBareseil 4acToThl C HETo-
CPEICTBEHHOM CBsI3BIO (0€3 MPOMEKYTOYHOTO 3BEHA MOCTOSTHHOTO ToKa), mim HITY. Ucropuue-
cKH TiepBbIMU TosiBUIMCH iMeHHO HITY, HO u3-3a HecoBepiieHCTBA ITU(POBOI U CUIIOBOM IJICK-
TPOHUKHU TOTO BPEMEHHU HCIIOJIb30BaTh MX MOXHO OBbLIO KpaiiHe orpaHuueHHO. B HacTosinee
BpeMst Oiarofiapsi IPUMEHEHUIO TOCIETHEro MOKOJICHHUS OUIIOIAPHOIO TPAH3UCTOPA C M30JHPO-
BaHHbIM 3atBOpoM (IGBT) HITY m MUKpOMpOIECCOPHBIX PETYyISTOPOB OHH OOpENd HOBYIO
*u3Hb. OCHOBHBIE JOCTOMHCTBA MAaTPUYHBIX IIPE0Opa3oBaTeieil 4acTOThl U T€ MPEUMYIIECTBA,
KOTOpbIE€ OHH JAIOT:

- BO3MOXKHOCTb PEKyIepaliy SHeprun 6e3 MOMOIIHU JOMOHUTENbHBIX YCTPOICTB;

- MIIY moryT paboTtaTh ¢ OOIBIIMMH HAMPSKEHUSIMHI/TOKAMU, YTO HanboJiee BaXKHO B MOIII-
HBIX [IPUBOJAX HA CpeHEE HANPSKCHHUE;

- 0osiee BBICOKHE JMHAMUYECKHE XapaKTEPUCTUKH, BKIIIOYAs PEaKIMIO HA CKaYOK HampsKe-
HUSA U yAAPHYIO Harpy3Ky;

- Beicokue 3HaueHus: KIIJ (98 %) u xoadpduumenta momuoctu (0,95). Ito o3HayaeT, uyTo
naxke 0e3 UCTOIb30BaHMS PEeKMMa peKyrnepaluil MaTpUudHbIe MpeoOpa3oBaTean 4acToThl obecie-
YUBAIOT OOJBIIYIO0 9KOHOMUIO, YeM OOBIYHEIE;

- 3HAUUTEIBHOE CHIKEHHUE BXOJHBIX TAapPMOHUYECKUX HCKakeHui. [lpu wucnonbzoBaHuu
0OBIYHOTO TIPEe0Opa30BaTEIISI YACTOTHI BO3HUKAIOT J[BA TUITMYHBIX IMMKA TOKA B (pa3e Ha BBINPSMU-
TEJIE OT IIMHBI TOCTOSIHHOTO TOKA. DTU MUKW MPUBOJAT K TAPMOHUUYECKUM HCKAKCHHUSIM BXOHO-
ro Toka, focruraromuM nopsiaka 80 %. Tok maTpuyHOro npeoOpazoBaTesis MOYTH CUHYCOUIAIIb-
HBII 1 BO BpeMs paboThl (101 Harpy3Koi) MOYTH coBmaaeT ¢ ¢a3zoil HanpsokeHus. Bo Bpems pe-
reHepanuu Tok cABMHYT Ha 180°, HO MMeeT CUHYCOMJAIbHYI0 (opMy. DTO MPUBOJUT K rapMo-
HUYECKUM HCKaKECHHUSM TOJIBKO Ha 8 %;

- TaK KaK B OOBIYHOM IpeoOpa3oBarTesie 4acTOThl HHBEPTOP NpeoOpasyeT MOCTOSTHHOE Ha-
NpsDKEHHE B IEPEMEHHOE, TO OHO (OPMUPYETCS LIMPUHON UMITYJIBCOB C MOCJIENYIOIIeNH npuoIn-
3UTENILHOW Tpy00il anmpoKcuMaIued CHHyCOH/Ia, YTO MaryoHo BIMSET Kak Ha IPUBOJIHON JIBUTA-
TeJb, TAK U Ha OKPY’KAIOIIUX MOTpeOUTENeH 3NMEKTPOIHEPTUU U TEM CAMbIM yXYAIIAET CUTHAI
nepeaayu. B marpuunom npeoOpaszoBarene GOpMHPYETCS HEMOCPEICTBEHHO CHHYCOMIA, BCIe -
CTBHUE Yero YIy4IIaeTCs YUCTOTA BHIXOJAHOTO CUTHAJIA, @ 3TO MOBBIIIAET CPOK CITYKOBI ABUTATEIS
Y TIO3BOJISIET YBEJIMYUTH PACCTOSHUE MEXIYy HUM U ITpeoOpa3oBaTesieM 4acTOThl 0€3 UCTI0Ibh30Ba-
HUS JIONOJTHUTENIbHBIX BBIXOAHBIX (PUIIBTPOB.

Ha puc. 2 nmpuBenensl Bce cocrapisromnue sekrponpuoaa ¢ HITU B pexxume paboThl u
TOPMOXKEHUS.
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Puc. 2. Bce cocraBmnstonue anexrponpusoaa ¢ HITY
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MATRIX FREQUENCY CONVERTER FOR ELECTRIC DRIVE
OF ASYNCHRONOUS MOTORS

In the article features of circuit technology of modern ways of creation of frequency converters for
the ship electric drive of an alternating current are considered.
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Ceknus 4. TEXHUYECKUHN CEPBUC U TPAHCIIOPTHBIE CUCTEMBI
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CUCTEMA YIPABJIEHUA I'PY30BbIMU IEPEBO3KAMU Y TEPMUHAJIBHOM
OBPABOTKU I'PY30B SOFTCARGO

Ocgewjaemcs mpaHcnOPMHO-I02UCIMUYECKAS CUCHEMA: ONMUMU3AYUS NPOYECCO8 YNPABIeHUs I102U-
CIMUYECKUMU MOBAPOOBUNICEHUAMU, CHUNCEHUS TOSUCIMUYECKUX 3aMPam HO 6CeMy NYmu J02UCUYEeCKUX
npoyeccos, opeaHu3ayuu 2ubKo20 GYHKYUOHUPOBAHUS MPAHCHOPMHO-TO2UCTIUYECKOL CUCEMbl, CHOCOO-
HOU B0CNPUHUMAMb OOCIUNCEHUS HAYYHO-MEXHUYECKO20 NPocpeccd.

Cucrema ynpasJjieHHs] TPY30BbIMH NEPEBO3KaMH M TEPMHUHAJBLHOH 00padoTKM rpy30B
SoftCargo

Ymo oaem ucnonv3oeanue cucmemul?

3HAYUTENBHO YBEINIUTH 0OBEMBI IEPEBO3KH U 0OPAOOTKHU IPY30B.

3a cuem:

- BO3MOXKHOCTH Pa3MeIlaTh B CUCTEME PECYPCHI JIFOOBIX IEPEBO3UYUKOB aBHUa, aBTO, XK/

- BO3MOXKHOCTHU YTPABIIAThH 3arpy3KOil eMKOCTEH (OIpenesiaTh OYepeJHOCTh OTIPABKU Ipy-
30B U OIIEPaTUBHO KOPPEKTUPOBATH IPYy30BYI0 BAKAHCHUIO HAa KaXJIOM pelice).

Ob6ecneunBaTh MaKCUMAIBbHO 3P (HEKTUBHOE MPOXOXKIEHUE TPAHC(HEPHBIX TPY30B.

3a cuem:

- 3a0J1arOBPEMEHHOT0 U OTIEPATUBHOTO MOIy4YeHHUs: nHpopManun 06 odbemMax TpaHchepHBIX
Ipy30B;

- BO3MOXKHOCTH PETYJIMPOBAHUS U KOHTPOJIA CPOKOB OTIPABKH TPAHCPEPHBIX I'PY30B;

- BOBMOXKHOCTH TIOCTPOCHHUSI COOCTBEHHBIX TPAHC(PEPHBIX CXEM JOCTAaBKHU C HCIIOJIb30BAaHHEM
aJbTEPHATHUBHBIX TPAHCTIOPTHBIX PECYPCOB (aBTO, XK/ 1).

OnepatuBHO, B pexkuMe online KOHTPOJIUPOBATH COCTOSIHUE CKJIa/Ia.

DOYHKIHOHAJIBHbIE BO3MOKHOCTH

DyuKyuu 2py308020 MepMUHaANA:

- IPUEM T'py3a Ha CKJIaJ C TOMEIEHUEM Ha MECTa XpaHCHHUS,

- CKJIajickue GYHKIMU (pa3MelleHre Ha MeCcTaxX XpaHeHus, IepeMelieHue 1 Ip.);

- KOMIUIEKTalHs TPYy30B Ha PEIIC;

- popMupoBanue mouToBO-Tpy30B0i Begomoctu (I1I'B);

- peructpaiusi OTIPaBKU U MPUOBITUS PEHCOB;

- nH(hopMHpOBaHHE KIIMEHTOB U BhIJaua Ipy3a;

- OIUIaTa yCIyT TepMUHAIA;

- Y4eT CPEeJICTB MaKeTUPOBAHUSI.

Azenmckue ¢pynkuuu:

- OpoHHpPOBaHKE IPY30B HA peiicax;

- ohopMIIEHHE 3asIBOK TPY300TIpaBUTENIEH;

- oopmIIeHHE TPY30BOIi aBUAaHAKIIaTHOH.

JlonoTHUTeIbHBIE BO3MOKHOCTH:

- ¢hopMHUpOBaHKE TTPOU3BOIHLHOM CKIAJICKON CTPYKTYPBHI;

- BeJICHUE PA3JINYHBIX CIIPABOYHUKOB;

- IMIIOPT paclyCaHus U aBTOMaTUYECKOE CO3/JaHHEe PENCOB;

- BO3MOXHOCTb CO3/IaHUS PEIICOB B PYYHOM PEKUME;
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- (hopMupoBaHHE pa3IMYHBIX OTYETOB HA Oa3e OMEPaTUBHBIX U CTATUCTUYECKUX JTAaHHBIX;

- OTIIpaBKa COOOIIEHUH 110 yKa3aHHBIM aJipecam;

- BEJICHUE B3aHMOPACUYETOB C KIIMEHTAMH U ar€HTaMU;

- BO3MOKHOCTb MHTETPalMU C IpYyTMMHU CCTEMaMH U OOMEH JaHHBIMU 4epe3 Internet.

Oco0eHHOCTH CHCTEMBI:

- aBTOMAaTHUYECKOE YIIPABJIEHUE IpoleccaMu. ABTOMAaTHYECKOE IUIAHUPOBAHUE 3aJaHUN U
M3MEHEHHUE CTaTyca MPOLIECCOB;

- KOHTPOJIb BBIIIOJIHEHHUS 3aaHUi. BO3MOKHOCTE MPOCMATpUBAaTh CIIUMCOK 3aIlJIAHUPOBAHHBIX
3aJJaHAl ¥ KOHTPOJIMPOBATh CPOK WMCIIOJIHEHMS 3aJaHMsl, 3aIJIAHUPOBAHHOIO KaXXIOMY COTPYIHH-
Ky. 3aJlaHUsl, HE UCIIOJTHEHHBIE B YCTAHOBJIEHHBIN CPOK, OTMEUEHBI CIIELIUAIbHBIM 3HAYKOM;

- UICTOpHYECKAs XpOHUKaA. PerucTpanys Bcex BBIIOIHEHHBIX B CUCTEME orepanuid. Bo3Mox-
HOCTb IIPOCMOTpA CIIUCKA BCEX COOBITHIA;

- HaBUrauus 1o o0bEeKTaM U IO UCTOPUU. BO3MOXKHOCTb EPEXOIUTH 110 CChUIKAM OT OJJHOI'O
00BEKTa K JIPYyroMy, BO3MOYKHOCTh IIOCMOTPETh, KaK MEHSUICS OOBEKT BO BPEMEHH (OT COOBITHS K
COOBITHIO);

- aBTOMAaTH3HPOBAaHHBIE paboune MecTa. BO3MOXKHOCTD HACTPOHUTH pabodee MECTO JUIS Kax-
JIOW KaTeropuu COTPYIHUKOB TaKUM 00pa3oM, YTOOBI UM OBLIO YIOOHO BBHIMOJHATH CBOM TEXHO-
JIOTUYECKHE ONEpPaLIUU.

Texnonoruss padorel. Ilpumem rpys3a. OcHoOBHble TexHosJormyeckue (GyHKIMH IO
oopMIIeHHIO M IPHEMKe I'py3a Ha ckJIaj (puc. 1):

1. Odopmiienune 3asiBKHM rpy300THIPABHTEJIsA

CoznaeTcs 3neKTpOHHAs 3asBKa, B KOTOPOI YKa3bIBAIOTCS:

- CBeJICHUs1 00 OTIpaBUTENE, [TOTyYaTere;

- MapuIpyT IEPEBO3KU;

- IpeABApUTENbHBIE IAHHBIC 110 TPY3Y.

2. Cnaua rpysa Ha ckaaj. [Ipuemka rpysa:

- 10 pe3yJbTaTaM MPUEMKH B SJIEKTPOHHON 3asBKE PETUCTPUPYIOTCS (DaKTUUECKHE JaHHBIC
0 TPY3Y — KOJINYECTBO MECT, BEC, rabapHuThl, 00BEM.

[TomereHue Ha MECTO XpaHEeHHUsA. B 3IIEKTPOHHON 3asBKE YKa3bIBACTCSI MECTO XpaHEHMs, pac-
IIEYaThIBACTCS [IOPYUYEHHUE HAa TIOMELICHUE, PETUCTPUPYIOTCS JaHHBIE O IOMEIIECHUH I'Py3a Ha CKJIal.

3. OmiiaTa ycJyr TepMHHaJIa

[IponzBoauTcs omiaTa yciayr TepMHHANA, PETUCTPUPYETCs (PAaKT omaTel B CUCTEME, U CTa-
BUTCsI OTMETKA Ha IPY30BOM HAKJIAJIHOM.

Xouy coaTb

Puc. 1. OcHOoBHBIE TEXHOMOTHYECKHE (HYHKITUH 110 O(hOPMIICHHIO U TIpUEMKe Tpy3a Ha CKJIall TepMUHaIa
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Texnonorus padorel. OTipaBka peiica. OCHOBHbIE TeXHOJIOTHYecKHe GYHKIMHU O OT-
npaske peiica (puc. 2):

1. JlokymMeHTAIbHAsI KOMILIEKTALMSA peiica

OmnpenensieTcsa 04epeHOCTh 3arpy3ku peiica, popMupyeTcst U medaTaercsi OYTOBO-IPy30-
Bas BegomocTts (ITI'B).

2. du3znyecKkas KOMILIEKTAIUSA

dopmupyeTcs U nieyaTaeTcsi IOpy4eHUE Ha BbIBO3 IPy3a B 30HY KOMILJIEKTALINH.

3. OTnpaBka peiica

PeructpupyroTcs JaHHbIE 110 OTIIPABKE perca.

Puc. 2. OcHOBHBIE TEXHOJIOTHUECKIE PYHKITUH TI0 OTIPABKE petica

Texnosiorust padornl. [IpudbiTHe peiica. OCHOBHbIE TeXHOJIOTHYecKHe (PYHKIUHU IO
o0pa0doTke npudbIBLIIETro peiica (puc. 3):

1. lokymeHTaIbHAsA MPpHEMKA NPUObIBLIEro pelica

Peructpupyrorcsi cBoJIHbIC JaHHBIE 110 NPUOBIBIIEMY pelCy — oOllee KOJIMYEeCTBO HaKJIaf-
HBIX, KOJINYECTBO MECT, OOIIUI BEC.

2. [IpuemMka rpy3a Ha cKJIajg

Peructpupyrorcsi JaHHBIE PUEMKH MPUOBIBIIETO Tpy3a U PacXoxkIeHHs. Peructpupyrorcs
JIaHHBIE O MECTE Pa3MEILECHUs IPy3a Ha CKIAE.

3. UndopmupoBaHue KJINEHTA 0 MPUOLITHHU IPy3a

Perucrpupytorcst nata u Bpems HHPOPMHUPOBaHUS KiMeHTa. ECTh BO3MOXXHOCTh aBTOMATH-
YEeCKH OTIPABIIATH KIUEHTY COOOIIEHUE O MPUOBITUH TPy3a.

4. Omara ycjayr TepMHHAJIa

Peructpupyercs ¢akt omnaTel yciIyr TepMUHaAIa cymma U (opma OIuiaThl.

5. Beigaua rpysa

I'py3 cnmuceiBaeTcs co ckiaga. 3asiBKa 3aKpbIBAETCs U MONA/IaeT B apXUB.
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Puc. 3. OcHoBHBIE TexHONOTHYEeCKHE (PYHKLIUH 110 00paboTKe MpUOBIBLIErO pefica

Cxaaackue GyHKIUH

B MogenuposBaHue CTPYKTYPbI cKnaga
Mpumep:
Bwva cknaga oTnpaBKv - OnucaHWe CTPYKTYpbI cknaga

Cknapn oTnpaeku
Crennax b Crennax A - o Gt

J' J' [F] Crennam A
O MecTto A11
L’? L’? «— YpopeHw 2 O Mecto A12
|- L~ Vi 1 O Mecto A21
| R 01 MecTo A22

Iz = Crennax B

LY Pan2
Pag1
A TaKxe...

B [MpocMoTp 3arpysku cknajga v Hanm4ima cBoBo0OHbIX MecT
B lMepemeweHue rpysa Mexay cknagamMmu

B TlMepemeuweHUe rpysa BHYTPM CKraga (C OOHOW AYEeMKM CKNlaaa Ha
Apyryo)

B [MeyaTb BHYTPU CKNagcKuUX OOKYMEHTOB

Puc. 4. MogpenupoBaHue CTpyKTyphI CKIIaaa

HaHHbIe No onnaTte Ans
BeaeHWA Byx.vyeTa

MpensapuTenbHble OaHHble
no 3aneke

DakTUyeckue m‘
npuemMku

OTyeTHble AaHHbIe ONA
aHanW3a Xo03.0eATENbHOCTH

3KOHOMMCT
1 MapkeTonor,

SoftCargo

OnepaTyBHbIE U CTATUCTU4YECKHNE
AaHHbIE ONA KOHTPOINA U
aHanusa X03.0eATeNbHOCTH

[aHHBIE NO ONNAaT!

MaHHbIe NO KOMMNNEKTaALMMW,

oTnpasKe U NpubeITHIO ieﬁco =

Puc. 5. Ennnoe nHGOpMAInOHHOE TPOCTPAHCTBO
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[ABa pexxuma padorbl. PaboTa B JIOKaJIbHOM peKuMe

[Ipu pabGote B oKabHOM pexxuMme (puc. 6) Bce JaHHBbIE XpaHITCSA Ha JOKaJIbHOM CepBepe
TEpMUHAJIA.

CymecTByeT MexaHu3M oOMeHa JaHHbIMU ¢ cucteMoil 6ponupoBanust ACBH «SoftCargo»,
UCIOJIb3YEMOM areHTaMH Jyisi OpOHUPOBAHUS U MPOJAXKHU TIEPEBO3OK.

Peanu3zoBaHbl MPOTOKOJIBI OOMEHA JAHHBIMU C IPYTUMHU CUCTEMAaMM TEPMHUHAJIOB B (popma-
te XML.

Pa6ora B rio6aabHoii cetu SoftCargo (puc. 7)

IIpu pabore B ri100a1bHOM ceTH:

Bce yuacTHuKHU cucTeMbl 00bEIUHEHBI B €AMHOE HH(OPMALIMOHHOE MPOCTPAHCTRBO.

JlaHHblE BCEX YYaCTHHUKOB CHUCTEMBbl (aBUAKOMIIAHUM, areHTCTB, TEPMUHAJIOB) XpaHSITCS B
eMHOM 0a3e JaHHBIX. DTO MO3BOJIAET BCEM YYACTHHUKAM CHCTEMbI IOJIb30BATHCS €AMHON CIIpa-
BOYHOW MH(OpMaIMe U He TPATUTh BPeMsl Ha €€ 3aBEJCHHE M MOJIeP)KaHUe B aKTYaJIbHOM CO-
CTOSIHUM.

[Ipu 3TOM cucTeMa rapaHTHpPYEeT MOJIb30BATENSM TONHYI0 KOHOUACHIIUATEHOCTD «JIMIHON
uH(bOpMaLnu.

Pa6ouue MecTa coTpyAHUKOB TepMUHana Paboune mecta ABMakoMnaHWi M ATEHTCTB
[axHble no 3asBkam, [naHel NONETOE, %
% 3apaHuA Ha KOMNNEKTaLUMIO Fpy3a /
\\ g - = £ 2
SoftCargo ACB D P @
% Terminal SoftCargo %

X« ===

Crartycel no o6paboTke 3aABOK, \
@ AaHHBIE N0 OTNPaBKe peicoB

Puc. 6. Pabota B TOKaJbHOM pEKUME

JlonoJiHUTe/IbHBIE BO3MOKHOCTH /I TEPMHHAJIA:

B03MOXHOCTB BBITIOJHSTH B CHCTEME areHTCKue (GpyHKImu (OpOHUpOBATH EMKOCTH, 0OpPM-
JSTh TPOJIAXH, YIPABIATh OUYEPETHOCTHIO OTIIPABKHU Ipy3a U Jp.), T.€. B pe&KUMe paboThl B IJI0-
0anmbHON cHCTEMe, TePMHHAT HMMEET BO3MOXKHOCTH HCIOJIB30BaTh BCE (DYHKIMU, JOCTYITHBIE
areHTCTBaM U aBUAKOMIIAHMSIM.

B03MOXHOCTP MIHOBEHHO TOJIy4aTh aKTyallbHYI0 HH(pOpmanuio. Hampumep, ecau aBua-
KOMIIaHUS IPOM3BOAMT 3aMEHY BO3IYIUIHOIO CyJHA WM B a3pOINOPTy BBUIETA CKOMILIEKTOBAH
peiic, KOTOPBIN JTOJDKEH MPUOBITH B adpornopT Tpancdepa, To 3ta nHGOpMAIHs Cpas3y K€ CTaHO-
BUTCS JOCTYIHA TEPMHUHAILY.

< //%

mobanbHan

— & ceTb —
@ “ = SoftCargo

\\%@T

Puc. 7. Pabora B rmobanpHO# cetn SoftCargo
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IMopsinoxk BHeApeHUA

NuauBuayanbHbIN TOIXO PU BHEAPEHUU CUCTEMBI:

- ACCIIeZIOBaHUE OU3HEC-TIPOIIECCOB;

- pacripezieNieHHe MEXIy COTpYIHUKaMU (DYHKIMN yIpaBieHus mpoleccamu (HacTpoiika aB-
TOMAaTU3UPOBAHHBIX PA0OOYNX MECT);

- 00y4yeHHe COTPYAHUKOB paboTe B CHUCTEME;

- BO3MOKHOCTb TTO3TAITHOTO BHEIPEHUS OM3HEC-TIPOIIECCOB;

- BO3MOKHOCTbh JIOPa0OTKH CUCTEMBI C YUETOM MHAMBHUIYAIbHBIX OCOOCHHOCTEN JIeATEIbHO-
CTH 3aKa3uuKa.

IIpuBJiekaTeIbHOCTH CUCTEMBI

s pykoBoacTBa:

- IIMPOKHE BO3MOXKHOCTH MOHUTOPUHTA BCEX OM3HEC-TPOIIECCOB B PEKUME PEalbHOTO Bpe-
MEHH;

- COKpalleHHe BPEMEHHU Ha MPUHATHE PELICHUH 3a CYEeT MOTyUYeHUs OnepaTUBHOM HHPOpMa-
IIUU OT BCEX CITYXkKO;

- BbIJ]a4a PACTIOPSKEHUH M KOHTPOJIb X BBIMOJIHEHHSI B pexkumMe online;

- QaHAJIU3 W pa3pelieHue MpoOJEeMHBIX U KOH(QIIMKTHBIX CUTYalllil HA OCHOBAaHHH MCTOpUYE-
CKHUX JIaHHBIX;

- IPUHATHE CTPATETUUECKUX PEUICHUI pa3BUTHSI HA OCHOBAHMH CTaTUCTUUECKOI nH(popMmany;

- oBbINIeHUE YPPEKTUBHOCTH UCIIOIL30BAHHUS PECYPCOB.

Juis coryxo:

- TMOBBILLIEHUE MPOU3BOIUTEIBHOCTH PabOTHI MOJpa3esieHuit 3a cueT mocTpoeHus ddex-
TUBHOH cHCTEMbI 0OMEeHA WH(OpMALIHEH;

- moBbIlIeHHE IPGEKTUBHOCTH PAOOTHI 32 CUET MHIWBUIYATbHOW HACTPOMKU aBTOMAaTH3U-
POBaHHBIX pabOYHX MECT;

- COKpallleHHE BPEMEHHU Ha 3aBe/ieHHe MH(OpMALUU 32 CUET CUCTEMbl OOMEHA JaHHBIMH C
JIPYTUMH BHEITHUMU CHCTEMAaMHU.
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CONTROL SYSTEM FOR FREIGHT AND TERMINAL HANDLING SOFTCARGO

The article is sanctified by the transport and logistics system. The article is devoted to the optimiza-
tion of management of logistic movement, reduce logistics costs around the way of logistics processes,
organizatim flexible functioning transport and logistics system, capable to accept the achievements of sci-
entific and technological progress.
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A.B. Kameen
Hayunsiii pyxoBoguteins — I'.I1. CrapkoBa, TOKTOp TEXH. HAYK, JOLEHT

TPAHCIIOPTHBIE TEPMUHAJIBI U TEPMUHAJIBHBIE TEXHOJIOI'MHN
TPAHCIIOPTUPOBKH

OCGBLL;aemCﬂ UHHOBAYUOHHAA oesimenbHoOCmb U ee Hanpaejerus Ha aABMOMOOUTIbHOM mpancnopme.
HpedcmaeﬂeHbl COBPEMEHHbIE dmansvl pa3eUuUmusl npednpuHuMamerbcmea HA A8MoOMOOUILHOM mpaxc-
nopmie, Heobxooumocmu oCcyuecmesilenHusl UH6ECMUYUOHHBIX NPOEKMOo6 no pealusayuu nepcneknuenblx
UHHOBAYUOHHBIX pa3pa6om01<.

B coBpemMeHHBIX IIeMsIX OCTaBOK J0CTaBKa OCHOBHOM MaccChl IPy30B OCYILECTBIISIETCS YEPE3
CHUCTEMY TPAaHCIOPTHBIX TEPMUHAJIOB, I'JI€ MPOUCXOAUT YKPYIHEHHUE WM Pa30ueHHe IPy30BbIX
napTUil, BPEMEHHOE XpaHeHHE IPy30B, EPEeBATIKA I'PY30BbIX €AMHUL] MEKIY Pa3IMUHBIMU TPAHC-
HOPTHBIMM CPEACTBaMHU WJIM Pa3HbIMU BHJIAMH TpaHcnopTa. Ha HEeKOTOPhIX TepMHHAIBHBIX 00b-
€KTaX BBIMOJIHAIOTCS ONEepaIy ¢ TOBapaMH, CO3AA0IINE TOOABIEHHYIO CTOUMOCTb.

TepMuHaIbl BOSHUKIIM IEPBOHAYATIBLHO HA BOJHOM M JKEJIE3HOAOPOKHOM TPAHCIIOPTE, KOTO-
pble 00BEKTUBHO HYKIAIOTCS B IIPOMEXKYTOUHOM MepeBaKe TPy30B IS UX JOCTAaBKH KOHEUHOMY
norpebutento. B moprax v Ha ’kel1e3HOAOPOKHBIX CTAHIMAX BBIIEISUINCH CIELUAIBHO 000pYI0-
BaHHbIE IUIOIIAJKY U CKJIAJbI Ul MIPUEMa IPy30B K IEpeBO3KE, UX XPaHEHUs, NOArPYIIUPOBKHY,
BBIJIAUHM T1OJTy4aTelsiM, a TaKXKe JJIsl HOTPY3KU U pa3rpy3Ku TyKEBOr0 U aBTOMOOMIIBHOTO TpaHC-
II0pTa, KOTOPBIE OCYILECTBIISUIN IIOJIBO3 U Pa3BO3 IPY30B.

TepMuHanamMu Ha3bIBarOTCSl Pa3MEIIEHHbIE HA TPAHCIIOPTHOM CETH OOBEKTHI, MOCPEICTBOM
KOTOPBIX I0JIb30BATENH HOIYHAIOT JOCTYII K YCIyraM TPaHCIIOPTHOW CUCTEMBI.

C pasBuTHEM Ipy30BOM aBHALMM CHELMAIM3UPOBAHHBIE I'PYy30BbIE TEPMHUHAJBI CTAJIU CO-
Opy>KaTbCs U Ha TEPPUTOPUH a3POIOPTOB.

ABTOMOOWJIBHBIN TPAHCTIOPT U3HAYAIBHO PabOTajl MO CXeMe «OT JBEPHU J0 ABEPU», UTO CUH-
TaJIOCh OJJHUM M3 €ro npeumyiiectB. OHaKo yBeIMUeHHE IPy30I0AbEMHOCTH aBTOMOOMIIEH 0-
TpeOOBaJIO CO37aHMs TEPMUHANIOB Ui MOATPYNIHUPOBKH MEIKUX MapTuil rpysa. C TedeHuem
BPEMEHHU OHU IPEBPATUIMCH B MHOTOIIPOQUIIBHBIE JTOTUCTUYECKNE OOBEKTHI, UTPAIOIINE BAXKHYIO
pOJIb B JIOTUCTHUKE.

Pa3Burue cmemaHHbIX IEPEBO30K 00YCIOBUIO BOZBHUKHOBEHNE HHTEPMOJAJIBHBIX TEPMUHA-
JIOB, KOTOpbIe 00ECTICUYMBAIOT CTHIKOBKY CETEH PaszIMUYHBIX BHJIOB TPAHCIOPTA W TO3BOJISIOT U3-
MEHSATh BUJ TPAHCIIOPTA U MapLIPYT HEPEBO3KH B 3aBUCUMOCTH OT PhIHOUYHON KOHBIOHKTYPBI.

[Tosib30BaTensiMu yCiIyr TEPMUHAIIOB SIBJISIIOTCS HE TOJIBKO IPY300TIPABUTENN WU I'PY30I10-
Jy4yaTesld, HO TaKXKe€ TPAHCIIOPTHBIE ONEpPATOPBhl, SKCIEIAUTOPHI, IPYTUE YYaCTHUKU JIOTUCTHYE-
CKOM JiesiTennbHOCTH. Ha TepMuHanax oHM NOIy4aroT JOCTYI K yciayraM JIpyruX KOMIIaHUi, ¢ KO-
TOPHIMU OHHU B3aUMOJECHCTBYIOT B MEPEBO30YHOM MPOIIECCE, a TAKXKE K yCIyram Io Morpyske u
BBIFPY3KE TPAHCHOPTHBIX CPEICTB, [0 HAKOIUIEHUIO M KPATKOBPEMEHHOMY XPAaHEHHIO I'PY30B,
MEJIKOMY PEMOHTY TPaHCIIOPTHOI'O 00OPYJOBAaHUS U T.JI.

TpaHcnopTHbIE TepMUHAIBI HE NPEAHA3HAYEHBI 7S AJIUTEIbHOIO XpaHEHHUs TOBapOB, OJJHA-
KO B COBPEMEHHBIX IIETISIX IMOCTABOK OHU YaCTO KOHCTPYKTUBHO OOBEIUHSIOTCS C TAKMMHU CKJIa-
JaMH ¥ YIPABJISIFOTCS OJHUM oriepatopom, o0srdHo 3PL-mpoBaiinepom. Takum oOpazom, TpaHc-
MOPTHBIE TEPMHUHAJIBI UHTETPUPYIOTCS B CUCTEMY TOBAPOPACIIPEIETICHMUSL.

20-30 et Ha3aa TPAHCIOPTHBIE TEPMUHAJIBI ObUIM, MPEXJE BCEro, TPAHCHOPTHO-TEXHO-
JIOTMYECKUMH 00bEKTaMU U 00ecreunBaiIy MoBblIeHHE 3()(HEKTUBHOCTH TPAHCIIOPTHBIX CUCTEM.
CoBpeMEHHOE TOHMMAHHUE POJIM U NOTEHUMUAIBHBIX BO3MOYKHOCTEH TPAHCIIOPTHBIX TEPMHHAJIOB
CBSI3aHO, IIPEXKJIE BCET0, C MOBBILIEHNEM 3()(PEKTUBHOCTH TOBAPOABUKEHHS B LIETISIX OCTABOK.
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TepMuHAIBI CTAHOBSTCS TOPTAJaMHU JJISl BBIXO/Ia HA PETUOHAIBHBIC PHIHKH, OHH 00ECTIeYH-
BAIOT JIOCTYNI K MHOT0OOpa3HbIM JIOTUCTHUYECKUM yciryraM. [lepeBanka rpy30B CONpPOBOXKAAETCS
JIOTIOJTHUTEIHHBIMH OTIEPAIIMSIMU C TOBApaAMH.

Pa3Burast ceTh B3aMMOCBSI3aHHBIX HHTEPMOAATBHBIX TEPMHHAIIOB, KOTOPBIE CTAaHOBSITCSI CBOEC-
00pa3HBIMH TOJIFOCAMH TIPUTSKEHUS] TOBAPHBIX ITOTOKOB, 0OecreurBaeT rTHOKOCTh MpH (HOPMHPO-
BaHWHU IIENel IOCTAaBOK M IO3BOJISIET CO3/aBaTh YIIPABIISIEMbIE 3allachl TOBAPOB B JIBIDKCHUH
(floating stock), cokpamasi mOTpeOHOCTh B «CTATHYHBIX» CKIIAACKHX 3armacax. TepMHUHANbI, pa3Me-
IICHHBIC B Pa3BUTHIX SKOHOMUYECKHUX 30HaX M TPAHCIOPTHBIX y371aX, HHTEIPUPYIOTCS C OOBEKTaMH
CKJIAJICKOT0, SKCTIEAUTOPCKOTO, TAMOKEHHOTO OM3HECA B COCTABE JIOTHCTHYECKUX LIEHTPOB.

Puc. 1. TpancniopTHBIH TepMUHAN

W3meHeHne poiau TEPMUHAJIOB M MX MHTETpalysl B LIENH MIOCTABOK CTalIM MPEANOCHUIKON
000CcO0ICHHST TEPMHUHAILHOTO OW3HECa B CaMOCTOSITENIBHBIN BHJ JCATCILHOCTH. V3HAa4YambHO
TEPMUHAJIbI CO3J1aBAIM U SKCIUTyaTHPOBAIM NEPEBO3YMKU Pa3IMUYHBIX BUJIOB TPAHCIOPTa, HO B
HACTOsIllee BpeMsI Ha PbIHKE JAEHCTBYET Bce 0O0JIbIIE KPYIHBIX KOMIAHUH, KOTOPBIE 3aHUMAIOTCS
UCKJIIOUUTENIFHO PAa3BUTHEM M SKCIUTyaTallMedl TepMHUHANOB. B aknMoHepHON CTPYKType Komma-
HUHM-KPUMHHAJIBHOTO OIEpPaTopa MOTYT OBITh MPEACTABJICHBI MPEINPUATHS PA3TUIHOrO Mpodu-
JIsd, 3aMHTCPCCOBAHHBIC B Pa3BUTHUH YCIYT, CBA3aHHbLIX C TCPMUHAJIAMU JAHHOI'O TUIIA.

HpI/IMeHeHI/Ie JIOTUCTUYCCKHUX MCTOAOB CBA3BIBACT B CIMHYIO CUCTEMY BCChH IPOU3BOACTBCH-
HBII LUK OT MOMEHTA JOOBIYM ChIPbs 10 YTHWJIM3ALUU OTXOA0B. TOBapOJBMKEHUE OCYILECTBIIS-
€TCs Yallle BCEro C y4acTUEM HECKOJIBKMX BHUJOB TPAHCIOpPTA. B 3TOM ciydae BaKHYIO POJIb WI-
paroT TepMUHAJIBHBIE CUCTEMBbI JOCTaBKU I'PY30B, Pa3BUTHE KOTOPBIX CBA3aHO C NMPHUMEHEHHEM
MHTEPMOJAAIIBHBIX IIEPEBO30K U KOHTEHHEpHU3aLue.

B poisin oprann3aTopoB TEpMUHAIbHBIX EPEBO30K BBICTYIAIOT, KAK IPABUIIO, TPAHCIIOPTHO-
OKCIETUIIMOHHBIE (DUPMBI, OTIEPATOPBI PA3TMUHBIX BUIOB TPAHCIIOPTA, MYJIBTUMOIATBHBIE 00be-
JUHEHUS, UCIOJIb3YIONINE TEPMUHAIIBI U TEPMHUHAIbHbBIE KOMILJIEKCHI I PA3JIMYHBIX CIOCOOOB
NIEPEBO3KHU.

TepMuHaNIbHOE MpeaNpPHUATHE — CAMOCTOATENbHBIM XO3SHUCTBYIOUIMH OOBEKT MHOTrOLEe-
BOT'0 Ha3HAYEHMsI, CO3AHHBIN JI OKa3aHUs CKJIAJACKUX U TPAHCIOPTHO-IKCIEAUIIMOHHBIX YCIYT,
Ha OCHOBE (DOPMHUPOBAHHS €IWHOTO OPTaHU3AIMOHHO-DKOHOMHYECKOTo, (hruHaHCOBOTO, HH(DOP-
MaIMOHHOI'0, KaJpOBOr0 U HOPMaTHBHO-NIPaBOBOro obdecnedeHus. MoryTt cozgaBaTtbes M JeHCT-
BOBaTh TEPMHUHAJIbI, OCHOBAaHHBIE HA rOCYJapCTBEHHON, MyHULIMIIAIILHOW M CMEIIaHHON (popmax
COOCTBEHHOCTH, a TaK)XX€ KaK aKLIHOHEPHbIE 001IeCTBa.
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Puc. 2. TpaHCIOPTHO-TTOTUCTHYECKUI TEPMHUHAT

TpaHcnopTHBIN TePMHUHAJ MPEJICTABIACT COOONH KOMIUIEKC MHXKEHEPHO-TEXHUUYECKHX CO-
OpYKEHUH, OPraHU3aLUOHHO B3aMMOYBS3aHHBIX U IPEJHA3HAYEHHBIX JUIS BBIIIOJIHEHUS JIOTHU-
CTHYECKUX OIEpaluii, a TakKe KOMIUIEKCA YCIyT AKCHEIUIIMOHHOTO CepBUCAa M TPeOOBaHUU K
rpy3y KOMMEPUYECKOro M aJMHHUCTPATHBHOIO XapakTepa (TaMO)KE€HHas OYHMCTKA, CAaHUTApHO-
KapaHTUHHBIN KOHTPOJIb, CTPAXOBAHUE U JP.).

BaxxHol 4epToii COBPEMEHHBIX TEPMHUHAJIOB MOKHO Ha3BaTh HE TOJIBKO HCIIOJIIB30BAHUE I1e-
PEIOBOM TEXHOJOTWMH, HO M MH(GOPMUPOBAHUE KIHMEHTA O ero rpyse. Kpome Toro, oHu urparor
pOJIb KPYIIHBIX IPy30pacipeieUTeNbHbIX LIEHTPOB, MIPEBPAILasich BO Bce 00sIee BaKHbIE 3BEHbS
JIOTUCTUYECKUX LIENEeN ITPOU3BOAUTEIICH.

[Tpu pa3paboTke cXeMbI JOCTAaBKM OOJBIIOE 3HAYEHHE MPUOOPETAIOT IyHKTHI Ieperpysa, B
KOTOPBIX BBITMOJIHAIOTCS NIEPEBAIOYHBIE ONEPALMK C OQHOIO BUJIA TPAHCIIOPTA HA APYTOH, IPOU3-
BOJATCSL PACCOPTUPOBKA IPY30BBIX MTAPTUHN U APYTUE ONEPALUU, CBSI3aHHBIE C TPAHCIIOPTUPOBKOMN
U CKJIaJCKMMU paboTamu.

B TakMx MyHKTax OpPraHU3yIOTCA CHELHUAIBHBIE KOMIIICKCHl MHKCHEPHO-TEXHUYECKHX CO-
OpYy>KEHHH, IPEIHA3HAYCHHBIX NI B3aUMOACHCTBHS Pa3HbIX BUJIOB TPAHCIIOPTA U BBIIOJHEHUS
TaKUX, KaK IIPUEM, HAKOIUICHUE, IOrpy3Ka, pasrpys3ka, BpEMEHHOE XpaHEHHUE, COPTUPOBKA I'Py-
30B, KOMIUICKTAlUs U Pa3yKPYIHEHUE OTIPABOK. Takue KOMIUIEKCHI MOIYYWIN Ha3BaHUE TEPMHU-
HasioB. Ha TepMuHanax, IOMUMO CKJIQJICKUX ONEpaluil 1 rpy30nepepadoTKH, BBITOIHAETCS KOM-
Mepyeckoe U MHPOPMALMOHHOE 00CTyKHBaHHUE TPY30I0ydyaTesiei, SKCIeIMTOPOB, NePeBO3UU-
KOB U IPYTUX JIOTUCTUYECKUX ITOCPETHUKOB.

Tepmunansl, npegHa3sHAUYCHHbIE U1 OOCITYKMBAHUS LIUPOKOW HOMEHKJIATYPhl IPY30B, Ha-
3BIBAIOTCS] YHUBEPCAJIBHBIMH, a TEPMHUHAJIBI, HA KOTOPBIX OCYILIECTBISIOT NEpepadoTKy rpys3a Ka-
KOTr'0-TO OJTHOTO BHJIA, — CIIELMAIN3UPOBAHHBIMH.

Cucrtema 10CTaBKM, OpraHu3yemasi uepe3 TepMHHAIbI, [10JIy4nsia Ha3BaHUE TEPMUHAJIBHOM,
CXeMa TEPMHUHAIBHOW CUCTEMA NPUBEJEHA Ha pUC. 3.

c AI‘I 033,
opTUPOBOYHAR
P cTaHuMsA & ~2ponopr

MuorodyHKUMOHanNbHBIA
NOrMcTU4YeCcKMii KoMnNnekc

Puc. 3. CoBpeMeHHBIH TPaHCIIOPTHBIN TSPMHUHAI
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OpHMM U3 TIABHBIX TOKa3zareneld 3(pQPEeKTUBHOCTH TOCTAaBKH T'PYy30B C HUCIOJIb30BAaHUEM
TEPMHUHAJIOB SBJISETCS OOECIeYeHHe BBICOKOH CKOPOCTH JOCTAaBKHM B COYETAHUHU C BBICOKOH
IIPOU3BOJIUTENIBHOCTBIO MOJBH)KHOTO cOCTaBa. Tak, pa3BeTBI€HHAas TE€pMHHajJIbHas CUCTEMa
MO3BOJISIET OCYIIECTBIISITh MEXIyHapoAHble NMEpPeBO3KH MO Teppuropuu 3anaaHod u llen-
TpainpHOM EBponbl ¢ rapanTtueil nqoctaBku B TeueHue 24—48 4. IIpon3BOAUTENBHOCTH MOJ-
BIKHOTO COCTaBa B TEPMUHAJBHBIX cucTeMax Bo3pacTtaeT Ha 40-60 %, cebecTouMocTs nepe-
BO3KH cHUxkaeTcs Ha 25-30 %.

I:k /:l

N e B i-?\
[1)(2) (3)(@) (5)|(®) [1)(2) (3)@) (5)

—

cBop rpysa nocTraBKa rpysa

TPy300TNPaBHUTENH
TPy300TNpaBUTENH

Puc. 4. Cxema TepMUHAIBHON IEPEBO3KHU:
1 — TamMOXKeHHast OUUCTKA IPy3a; 2 — pa3rpy3Ka; 3 — COPTUPOBKA (IOITPYIIHUPOBKA);
4 — XpaHeHuUe rpy3a; 5 — norpyska; 6 — nuHeiiHas nepeBo3Ka

Croupb BbIcOKast 3((hEeKTUBHOCTh paOdOThl TEPMUHAIBHBIX CUCTEM OIPENEISeTCs] HHTETPUpPO-
BaHHEM OOJBIIOTO YMCIa JOTUCTHUECKUX (PYHKIIMA U omepanuii u coOII0eHIHEeM TEXHOJIOTHYe-
CKOM LIEJOCTHOCTH MpoLecca JOCTaBKU. TeXHOIOrus JOCTaBKU T'Py30B 4epe3 TEPMHUHAIIBI BKIIIO-
YaeT MPeJABAPUTENBHYIO MOATOTOBKY Tpy3a U HEOOXOAMMBIX NIl HETO JOKYMEHTOB, HIMPOKOE
UCIOJIb30BaHUE MapKa OOOPOTHBIX KOHTEHHEPOB, MOJJAOHOB, YKPYIHEHUE TPY30MOTOKOB, (Gop-
MUpPOBaHUE WH(POPMAIMOHHBIX CHUCTEM 3JIEKTPOHHOTO JTOKYMEHTOOOOpOTa, TEICKOMMYHUKAIIU-
OHHBIX CHUCTEM CJIEKEHMS 3a IPy3aMH B IIPOLECCE JBUKEHUS U MHOTO€ JPYToe€.

CrangapTHas cxema TeXHOJIOIMYECKOr0 LIMKJIa TPy30BOr0 TEPMHUHAJA MIPEICTaBICHA Ha PUC. 5.

MpuGbITHUE rpy3a
Ha TepMUHan

[ L

30Ha pa3syKpyrnHeHus, |—— 3O0Ha KOMNMeKTaLluu,
COPTUPOBKMW rPy30B rPYNNUPoOBKWU rpy3oB

+ ¥ t 3

Cxnagbi
TepMUHana

OTnpaBKa rpysa
Cc TepMUHana

Puc. 5. Cxema TeXHOJIOTHYECKOrO [UKJIa TPYy30BOro TCpMuUHaIa

TepMmuHanbpHasi cuCTEMa, KpPOME TEPMHUHAJIOB, HA KOTOPBIX BBIMOIHSIETCS Tpy30mepepadoTka
W CKJIQJICKHE OIepalliy, BKJIIOYAET TOJICUCTEMBbI MojaBo3a (cOopa) M pa3Bo3a Ipy30B, a TAKKE
MOJICUCTEMY TePMHUHAIIBHBIX MepeBo3ok. COOp Tpy30B Ha TEPMUHAI U pa3BO3Ka TPy30B H3 Tep-
MUHaJIa BBITIOIHSACTCS, KaK MPaBUJIO, aBTOMOOMJISIME MAJIOM M CpelHEH TIpy30MoabeMHOCTH. B
MarvcTpalbHBIX MEPEBO3KAX 3a/IHCTBOBAHBI BCE BUJIBI TPAHCIIOPTA. ABTOMOOMIBHBIN TPAHCTIOPT
B ITOJICUCTEME MaruCTPaJIbHBIX MIEPEBO30OK MPEICTABICH aBTOMOOMIISIME OOJIBIION TPY30MOIBEM-
HOCTH, aBTOIIOC3JaMH C MPULICTIAMU U MOJIYTIPHULICIIAMH.
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OnHOM M3 BaXXKHBIX JIOTUCTUYECKUX MPOIEAYP TPAHCIIOPTUPOBKA T'PY30B SIBISETCS BBHIOOD
TepMHUHAJIA WA TEPMUHAIBHOU CUCTEeMBI. J[Ji ATOr0 Ba)KHO 3HATHh PACIOJIOKEHUE TEPMHHAIOB
M0 MpEeNnojaraéMoMy MapiipyTy JOCTaBKH, CHEIUAIN3AIMI0, MOITHOCTh TEPMHUHAJIOB, a TaKKe
YMETb OIIEHWBATh HAJIC)KHOCTh BRIOPAHHBIX 00BEKTOB, KAYECTBO BBIMIOJIHSIEMBIX ONEpAIlUi U JIPY-
re napameTpsl paboThl TEPMUHAJIOB
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OPI'AHU3AIIMSA PABOTHI TEPMUHAJIA TPAHCIIOPTHO-9KCIIEJIUTOPCKOM
KOMITAHHUUA

Oceewaemc;z opeaHuzayus pa6OWZbl mepmurnania mpchnopmHo-akcnedumopCKoﬁ KOMnaHuu. OCHO6-
Hble onepayuu YHUEEpCAalbHblX MEPMUHANOE, MexHON02UYeCKUlL npoyecc mepMuHaJZbHOIZ mpancnopmu-
PO6KU, mexXHOolocUU Meofcdynapodyblx MEPMUHATIbHbIX NEPEBO3OK.

KiroueBast posib TpaHCIIOPTUPOBKHU B JIOTHCTHKE OOBSICHSAETCS HE TOJBKO OOJIBIINM YIEIb-
HBIM BECOM TPAHCIOPTHBIX PACXOJIOB B OOIIEM COCTABE JIOTUCTHYECKUX U3JIEPIKEK, HO M TEM, UYTO
0e3 TPaHCIIOPTUPOBKH HEBO3MOXKHO CaMO CYIIECTBOBaHHE MaTepUATbHOIO MOTOKA. 3a4acTyIo
TPAHCIIOPTHBIN CEPBUC, AOMOIHEHHBINA ONepaIisaIMu rpy3onepepaboTKy, HallpUMep Ha TPY30BBIX
TepMHUHAJaX, BKIFOYACT MOJABIAIONIEEe OOJBITUHCTBO JIOTUCTHYCCKUX AKTUBHOCTEH IJI BHEIII-
HUX 1 UHTETpUpoBaHHBIX JIC.

Ponp TpaHCOPTUPOBKM HACTOJIBKO BEJUKA, YTO KPYT BOIIPOCOB, OTHOCSAIIUNCS K 3TOM KIIIO-
YEBOW KOMIUIEKCHOM JIOTUCTUYECKON aKTUBHOCTH, BBIAECJIEH B NMPEAMET U3YyUYEHUs CIEUUATBHON
TUCIUTIIUHBI — TpaHncnmopTHo. CornacHo kinaccudukamuu JIC MOXKHO BBIICTUTH BHEITHIOW (B
JIOTUCTHUECKUX KaHallaX CHaOXeHHs — CObITa) M BHYTPEHHIOIO (BHYTPUIIPOU3BOICTBEHHYIO, TEX-
HOJIOTHYECKYI0) TPAHCTIOPTHUPOBKY.
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CoBpeMEHHOE MOHATHE TPAHCIIOPTUPOBKH TPY30B B HAIICH CTpaHE CYMIECTBEHHO M3MEHHU-
JIOCh C Pa3BUTHEM PHIHOYHBIX OTHOIICHUH OT OTpAaC/id, MPUPABHEHHOW K MPOMBIIUICHHBIM OT-
paciiiM 5KOHOMHKH, J0 chepbl yCIyr — TpaHCIOpTHOro cepBuca. C mo3unuil moTpedOuTens
TPAHCIIOPTHBIN CEPBUC JODKEH 00eceunTh qocTtaBky rpy3a (MP, I'TI) oOycinoBineHHOTO KayecT-
Ba B 33/IaHHOE MECTO U BPEMsI C MUHUMAJIbHBIMHU 3aTPaTaMH.

[TosTOMY mOTpeOHTENN TPAHCTIOPTHBIX YCIYT BHIOMPAIOT TAKKE BHIBI TPAHCIIOPTA M CIIOCOOBI
TPaHCIIOPTHUPOBKU, KOTOPbIE 00eCIIeunBaIIN ObI HAMITYYIIIEE KaUeCTBO JIOTUCTHYECKOTO CEPBUCA.

TepMunanbHble nepeBo3kH. [lepeBo3ka rpy30B, opraHu3zyeMas U OCYIIECTBIsIeMas depes
TEPMUHAJIBI, Ha3bIBACTCS TEPMHUHAIBHON MEpEeBO3KOM. 3HAYEHHE 3TOr0 BHJIA TPAHCHOPTUPOBKH B
COBPEMEHHBIX MHUKPO- U MAaKPOJIOTUCTHICCKMX CHCTEMaX YPE3BBIYAIHO BO3POCIIO, YTO TpEaoIpe-

ACJICHO, MPEKAC BCCIr0, UHTCIPUPOBAHUEM B HCM OO0JIBIIIOr0 YMCIIa JJOTMCTUYECKUX aKTHUBHOCTEN.
/’/ |
~/ Otnpasurens / [
A nonyyarenn ."
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Puc. 1. TepmuHanbHast TEXHOIOTHUSA TPAHCIOPTHPOBKU

TepMuHanbHbIE IEPEBO3KH BOZHUKIIM 32 pyOEKOM, MPEXJIe BCEr0 B CMEUIAaHHBIX CHCTEMax
JOCTaBKHU TPY30B B MEXIyTOPOTHOM U MEKAYHAPOIHOM COOOIIEHUSX: B KPYITHBIX MOPCKHX TOP-
Tax, TPAHCIOPTHBIX y3JaX, a 3aTeM B TPy3000pa3yIoMIUX CyXOIyTHBIX pailoHax 3amagHoi EBpo-
nbel 1 CeBepHOll AMepuku. B ponu opraHn3aTopoB TEpMUHAIBHBIX MEPEBO30K BBICTYIAOT, KaK
MIPAaBUJIO, TPAHCIIOPTHO-IKCIIEIUIIMOHHbBIE (PUPMBI WIIM ONEPATOPhl PA3IMUYHBIX BUI0B TPaHCIOP-
Ta, UCIHOJIb3YIOIHUEC YHUBCPCAJIBHBIC WM CIHCHUAIIU3UPOBAHHBIC TCPMHUHAJIBI U TCPMUHAJIBHBIC
KOMIUIEKCHI JUI Pa3IMYHbIX CIOCOOO0B MEPEBO30K.
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Puc. 2. DxcnieaupoBanue rpy30B
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OCHOBHBIMH ONepPaANMAMH YHHBEPCAJbHBIX TEPMHHAJIOB SABJIAIOTCS:

- MApKETUHIOBBIE UCCIIEI0BAHMsI PbIHKA TPAHCIIOPTHO-JIOTUCTHYECKOTO CEPBHUCA;

- cOop u pa3Bo3 Ipy30B;

- KpaTKOCPOYHOE XPaHEHHE;

- KOHCOJMJaLus, pa3yKpylIHEHUE, COPTUPOBKA, KOMIUIEKTAIUsI U APYyTHUE ONEpaLUU Ipy30-
nepepadoTKH;

- MEKTEpMHHAJIbHAs MIEPEBO3KA U JOCTaBKA IPy30B KOHEUHOMY ITOTPEOUTEIIIO;

- opopmIiIeHHE TOTOBOPOB C KJIMEHTAMH, IPHEM B 00pab0TKa 3asBOK;

- KOHCOJIUALUs, pa3yKpylHEHHE, COPTUPOBKA, KOMIUIEKTALUS U JAPYrHe ONepanuu rpy3o-
nepepaboTKy;

- “H(POPMAIIMOHHO-KOMITBIOTEPHAS MOAJIEPHKKA CEPBUCHBIX YCIYT TEPMUHAIIA;

- pacyeThl 3a TPAHCIOPTHO-JIOTMCTUYECKUE YCIYTH.

OOBIYHO KpPYIIHBIM YHHMBEpPCAIbHBI TEPMHHAI HMMEET AaJMUHUCTPATUBHOE IOMEILEHUE,
CKJIaJl COPTUPOBKU MEJKHX OTIPABOK, CKJIAJ] JJIMTEIBbHOI'O XPaHEHHsI ITPY30B, CKIIal ISl MEXIY-
HapOJIHBIX NEPEBO30K I'PY30B C TAMOXKEHHBIM JJOCMOTPOM, CKJIaJl Ul MepepaboTKU CKOPOMOpPTS-
IIUXCSI TPY30B, IUIOMIAJKH IS TSXKEJIOBECHBIX, IITMHHOMEPHBIX IPY30B U KOHTEHHEPOB, KOMHAThI
OTJIbIXa BOJAUTENEN U IUIOIIAJIKY AJIsl CTOSHKH aBTOIIOE3/10B.

Criennanu3upoBaHHbIE TEPMUHAIIBI OCYIIECTBISIOT ONEpPAlMU TPAHCIOPTHO-IOTMCTHYECKO-
ro cepBHca JJIsl ONPENEICHHOIO BUa UM aCCOPTUMEHTA I'Py30B, HAIPUMEP CKOPOMOPTSIIMNXCS,
IIPO/I0BOJILCTBEHHBIX, MEJMKAMEHTOB, OyMaru u T.11.

Crnenuanu3anys rpy30BbIX TEPMHUHAIOB MO3BOJISIET JIy4llle Yy4eCTh TPEOOBaHUS KIMEHTOB K
NIEPEeBO3KE, XPAaHEHUIO U MepepaboTKe I'py30B, MOBBICUTH 3(PPEKTUBHOCTH JIOTUCTUYECKOIO Me-
HEP)KMEHTA U Kaue€CTBO CEPBUCA, CHU3UTH JIOTUCTUYECKUE U3AECPKKH.

bonpmioii oneIT cienyan3anuy rpy30BbIX TEPMUHAIIOB HAKOIUIEH B SlnoHnu n @paHiuu.

Hanpuwmep, B AAnonun HacuutsiBaeTca okoJio 2000 crienrain3upoOBaHHBIX TEPMHUHAIIOB.

TexHoIOrMYeCKHil Mpouecec TEPMHUHAILHON TPAHCIOPTHPOBKHU COCTOMT M3 Tpex OcC-
HOBHBIX 3TAMOB:

- 3aBO3 I'PY30B Ha TEPMUHAJ U Pa3B0O3 UX C TEPMHUHAJIA;

- rpy3omnepepaboTka Ha TepMHUHAJIE,

- IMHEIHas! IepeBO3Ka rPy30B MEX/ly TEpMUHAJIaMU OTIIPABJICHUS U HA3HAYECHMS.

OCHOBHBIMH OIIEPANMAMH YHHBEPCAJIbHBIX TEPMUHAJIOB SIBJISIIOTCS:

- MApKETUHIOBBIE UCCIIEI0BAHMSI PbIHKA TPAHCIIOPTHO-JIOTUCTHYECKOTO CEPBHUCA;

- oopMIIeHHE JJOTOBOPOB € KJIMEHTaMH, IpUeM 1 00padoTKa 3asBOK;

- cOOp 1 pa3Bo3 IPy30B;

- KpaTKOCPOYHOE XPAaHEHHUE;

- KOHCOJMJaLus, pa3yKpyIlHEHUE, COPTUPOBKA, KOMIUIEKTAIUS U JAPyTUe ONEepaluu rpy3o-
nepepaboTKy;

- ME@XTEepMHHaJIbHAs IEPEBO3Ka U JJOCTaBKa IPy30B KOHEYHOMY HNOTPEOUTEITIO;

- HH(GOPMALIMOHHO-KOMITBIOTEPHAs MOAJIEPHKKA CEPBUCHBIX YCIYT TEPMUHAIIA;

- pacyeThl 3a TPAaHCIIOPTHO-JIOTUCTUYECKUE YCIYTH.

[Tpu pa3memnieHny Tpy30B Ha CKIIAAax HEOOXOIMMO BBIOPATh CXEMBI PACIIOIOKEHUS TPOEe3-
JIOB, OTIPEACTUTh X NIMPUHY, YCTAHOBUTH CUCTEMY PACIIONIOKEHHS ITabesei, cTeIuiaxkeil u mo-
PAOK YKIIQJKH IPY30B.

[IpaBunbHOE pelIeHue 3TUX BOMPOCOB OMpPENENAeT ONTHMAJIbHOE pa3MeEIIeHUE IPy30B Ha
CKJIajJe, T.e. JIydllee MCIIOJIb30BaHHEe IUIOMIaAel ckiana, obecrnedeHne HeOOXOAMMBIX YCIOBUI
IIPOU3BOJICTBA IPUEMOYHO-OTIIY CKHBIX ONIEPALIU.

Pa3menienue rpy30B Ha CKJa/€ 3aBUCUT OT KOHKPETHBIX YCJIOBMI: HOMEHKJIATYypbl IPYy30B,
UX rabapuTHBIX pa3MepoB, CIOCOOOB MITAOEIMPOBAHUS WM CKJIAJWPOBAHUS U XapaKTEPUCTUK
CKJIaJa.
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Puc. 3. Cxema BuIeoHAOIOCHUS U OTTPY3KH IPYy30B Ha 0a3ax W CKJIaJlaX TePMUHAJIOB

KoHTponb paboTbl nepcoHana

HabnrogeHue 3a norpy3kou
U CKNagCKUMU NOMELLEHUAMMN

Puc. 4. Cxema BuIcOHAOIOCHNS U OTIPY3KU I'PY30B Ha 0a3ax M CKIajax TCPMHUHAJIOB

IIpu pasMemeHnu rpy3oB Ha CKJIaJe HEOOX0AUMO 00eCIIeYUTh:

- pa3zenbHOE XpaHEHHE IPy30B PAa3INYHON HOMEHKIIATYPBI;

- KOKABII TUTIOpa3Mep J0JDKEH UMETh OTJICNBHYIO STUEHKY, CTeIUIax, ITadess;

- y100CTBO 3KCIUTyaTallud CKJIaja MU CBOOOJHOE IMEpeMElIeHUE IPy30B B COOTBETCTBUM C
TEXHOJIOTUYECKUM IPOLIECCOM;

- MAaKCUMaJIbHO BO3MO’KHOE MCII0JIb30BaHKE TUIOIIAAN U KyOaTypbl CKIIaza;

- BO3MOXHOCTb IIPUEMA, XPAHEHUS U OTIyCKa rPy30B.

I'py3bl Ha ckJaze TepMHHAJIA Pa3MEIAlOTCs ¢ yYeTOM OOecledeHus: NOJIHON X COXpPaHHO-
CTH BO BpEMsl XpaHEHMsI, pallMOHAJIbHOTO HMCIIOJIb30BaHUsSI €EMKOCTH U IUIOLIAIN CKJIaJla, MaKCH-
MaJIbHBIX YCTPOWCTB BBIIIOJIHEHUS ONEpaliii 10 IPUEMY, Bblaye, 110 IPYIIIUPOBKE U YUETY IPy-
30B, MaKCUMaJIbHOTO UCIOJIb30BaHUS MOTPY30-pPa3rpy30UHBIX MEXaHU3MOB U COKpAILEHUS MOJ-
BIYKHOTO COCTaBa IO IOIPY3KOH U pa3rpy3KOu.
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Puc. 5. Cxema BUICOHAOMIONEHUS U OTIPY3KH I'PY30B Ha 0a3ax M CKJIaJaX TePMUHAIOB

Puc. 6. Cxema paboTbI OTHENEHUS CKIala TepMUHaIa

JInsi CBOEBPEMEHHOM JTOCTABKH MEJKHX OTIIPABOK M PALMOHAIBLHOTO UCIIOIB30BAHUS CKIIAM-
CKUX TIOMEIIEHUH 3aBe3eHHBIC MEJIKOMIAPTHOHHBIC TPY3bl JODKHBI OBITh B KpaTYaUIIMNA CPOK OT-
HpaBJICHBI IPY30I0TYYaTeIo.

MexayHapoaHble TEPMUHAIBHBIE MIEPEBO3KH BKIIOYAKOT CJIeIyI0IIHe TEXHOJOTHH:

- 3aB03, BBIBO3 M MepepabOTKy I'Py30B Ha TepMUHaNaX (MOrpy3Ka, pa3rpy3ka, MoJICOPTUPOB-
Ka, XpaHEHUE | JIp.);

- TAMOXEHHYI0 00paboTKy Ipy3a;

- MarucCTpajJbHYIO EPEBO3KY.

Ha tepmuHan, npenHa3sHaYeHHBIH A MEXKTyHApPOAHBIX IEPEBO30K, MOTYT HMPUHHMATHCS
Tr00bIe TPy3bl, HE 3alpEIeHHBIE K BBO3Y JINOO BHIBO3Y.

Jlo mepenauu rpy30B U TPAHCIIOPTHBIX CPEJICTB HA TEPMHHAJI BCIO OTBETCTBEHHOCTb 33 3TH
Tpy3bl U TPAHCIIOPTHBIE CPEACTBA, BKIIIOUYAS YIUIATY TAMOKEHHBIX IJIATEKEM, HECET NEPEBO3UMK.
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Puc. 7. Cxema pa3MenieHns Ha KOHTEHHEPHOH TUTOMIAAKE YHUBEPCATHLHBIX aBTOMOOMIHHBIX
U cueuaIM3upPOBaHHBIX KOHTeﬁHepOB

~ KPbITbIM CKNAQ
ABTOMOBWJIbHbIA BbE3[, HA TEPMUHAJ] -

XXKENE3HOAOPOXHEIE NMYTHU

J

nonynpuuenbl' [evaa |[kpanei| |npuqanh|" Ken.nop.nytm |

aBTOMOOWIbHbIE nyTn| |6eperoaan NUHUA | | aAMUHUCTPaTUBHOE 34aHue |

Puc. 9. Cxema MOpPCKOTO TepMHUHATIA

['py3bl U TpaHCHIOPTHBIE CPEACTBA, HAXOASAIIMUECS HAa TEPMHUHAJIE, MTOAJIEKAT 005S3aTeIbHOMY
yYerTy.
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ORGANIZATION OF WORK OF THE TERMINAL OF THE FREIGHT
FORWARDING COMPANY

In the article the organization of work of the terminal of the forwarding company is consecrated. Ba-
sic operations of universal terminals. The technological process of transportation terminal. Technologies
of international terminal transportation.
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CUCTEMBI CJIEXXEHUA GPS, ITIOHACC, OTCJIEXKUBAHUSI U MOHUTOPUHT A
ABTOTPAHCIIOPTA, ABTOMOBMWJIEH

Onucanvl cnymuuxosvie cucmemst caexcerus [ JIOHACC u GPS, komopvle npedocmagisiiom 603-
MOJICHOCIb KOHMPOAUPOBAMb MPAHCNOPMHbIE CPEOCMEA U Opyeue 00bEeKMbl 6 percume OHIAUH ¢ Npu-
MeHeHUueM CHYMHUKOBOU CES3U.

CITyTHUKOBBIC CHCTEMBI CJICKEHUS TPEIOCTABISIOT BO3MOXKHOCTh KOHTPOJIMPOBATH TPAHC-
MOPTHBIE CPEJICTBA WIIH IPyrHe OOBEKTHI B PEKUME OHJIAHH C MPUMEHEHUEM CITyTHUKOBOM CBSI3U.
B ctpanax CHI' wame Bcero MCMONB3YIOT ABe Haubonee pacmpoctpanéHHbeie cuctembl GPS u
['JIOHACC.

I''IOHACC sBnsieTcst pOCCHICKOM HAaBUTAITMOHHOM cUCTeMOM ciexxenwns, a GPS npoussene-
Ha B CHIA. ITpuHImn ux OeHCTBUS CXO0XK, OAHAKO TOYHOCTh KoopAauHaT y GPS nyue, a I'JIO-
HACC cTtabunbHO noaaepKuBaeT CUrHaji U3-3a Ipyroro pacnojoKeHUs €ro CIIy THUKOB.

I'pynma GPS-TJIOHACC mupoko MCHONB3YyeTCs ISl OTCICKUBAHMUSI YaCTHBIX aBTOMOOH-
Jeil, TpaHCTIOpTa MPEeANpPUsATHs, IIEHHOTO I'py3a MPHU TPy30MepeBO3Kax, JoIel 1 ux Oesomac-
HOCTU WU KOHTPOJIS 3P (HEKTUBHOCTH PAaOOTHHUKOB, IE€ATEIHHOCTh KOTOPHIX HE MPUBSA3aHA K CTa-
[MOHAPHOMY paboueMy MECTY, Pa3IMUHBIX )KUBOTHBIX.

GPS- u I''/TOHACC-cucremsl ciieskeHus 32 TPAHCIIOPTOM

B nacrosiimee Bpems B OM3HECE aKTUBHO HCIOJIB3YIOTCS TPAHCIIOPTHBIE CPEACTBA AJIS pa3-
JUYHBIX TOTPEOHOCTEH: OT IEPEBO3KHU IPY30B U MACCAKUPOB JI0 KYPHEPCKOU JOCTABKH.

[ToaTomMy BHOJIHE 3aKOHOMEPHO >KeJIaHUE BJa/esbleB OM3HECa KOHTPOJIUPOBATH aBTOMAPK,
YTOOBI YMEHBIIUTH PACXO/IBL.

Hcnonb30BaHne cUCTEM OTCIICKHBAHUS TAKXKE 3alUTHUT OT HEUYSCTHHIX BojauTenei. KoH-
TPOJUIEp WIK MasiK 1a€T BO3MOKHOCTb BHJIETh HAIIPaBJIEHUE JBHKEHUS, CKOPOCTh, 006éM ['CM n
BpEMS 3allpaBKU WK CIIMBA, COOIOICHIE pexXrMa paboThl BOAUTENS U €0 OT/AbIXA.
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OCHOBHBIMH NPEUMYIIECTBAMM CHCTeM KOHTPOJI TPAHCIOPTA

3a BceMHM aBTOMOOMJISIMM KOMIAHUU BEAETCSl MOCTOSHHBIN KOHTPOJIb BBICOKOW TOYHOCTH,
[I03TOMY HECAaHKLIMOHUPOBAHHOE X HCIIOJIb30BAHUE UCKIIIOYEHO.

[TocrosiHHOEe Hanuuue MH(pOPMALMKU O JIOKATU3ALUKU I'Py3a, €r0 COXPAaHHOCTH, MOCKOJIbKY
OBICTPO MOYKHO TIPOBEPUTH, IPOMCXOIUIIO JIM BCKPHITHE TPY30BOTO KOHTEHHEPA MITH HET.

JlaHHBIe yCTPOMCTBA MO3BOJSAIOT HAWIYyYIIMM 00pa3oM MoaOMpaTh MapUIpyThl U OPraHU30-
BBIBAaTh PabOTy TpaHcHopTa O6osee F3PPEeKTHBHO.

GPS u I''IOHACC nomMoryT B cTpaTern4eckoM IUIAHUPOBAHUU Pa3BUTUsI OM3HECA, CHUXKE-
HUU pacxoJI0B Ha cojiep:kanue aBronapka 10 40 % u yBenuueHun npuObLIn.

HABHTALUMNDOHHLIE P.IEIII:IPP'II{' RO M OGEROCTE 6
e ETRRRGIG KT TPAHCHOPT
€ EOMOITLHY CHETEM

COY THHEONOT G MOMINTOPICHD

CAYTHHEH

T

Puc. 1. Cuctems! cnexeHns 3a TpPaHCIOPTOM

GPS- u I'V/IOHACC-cucreMsl ciieskeHns 32 aBTOMOOHJISIMH

Bonpiuas 4yacTe TpaHCIIOPTHBIX KOMIIAHUK TOJIB3YKOTCSI CUCTEMaMH MOHMTOPHMHIA aBTOMO-
Ouyieil, 9TO TO3BOJSET CHHU3UTH 3aTPaThl Ha IMEPEBO3KH TPY30B, OOCITYKMBAHHE TPAHCIOPTA,
yIy4muTh 3GEKTUBHOCTH €T0 PabOTHI.

[ockonpKy 1eHa OE€H3MHA W JU3EIBHOTO TOILIMBA IMOCTOSIHHO MOJHUMAETCS, 00Jiee YeM aKTy-
QJIbHBIM CTAHOBUTCS OTCIIEXKHMBaHUE padOThl aBTONapka. B mepByro ouepenb 3To MOXKET npenyrnpe-
JIMTH BO3MOYKHBII YTOH MM O€30CHOBATEIBHBIN MPOOET, JIUIITHUE PEUCHI M PACXO/1 TOILIMBA.

Puc. 2. Cnexenue 3a HECKOJIBKMMHU TPaHCIIOPTHBIMH cpeacTBaMu ¢ momonibio cucremsl [JIOHACC
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Cnytauk GPS /TTIOHACC CepBep

) |

- TpEBO}KHaH KHONKa

l

[aTyMK OTKPLITUA Ky30Ba—

e
ﬂaT"IIi"IH KOHTpONA TOQJ'II!"IBG

——y_ el

OTobpaxeHune nokazaTenen
Ha Bawem komnbroTEDE

Puc. 3. MoHUTOPHUHT TpaHCcHIOpTa

HekoTtopele BoauTeNn MOCTOSHHO CTAPAIOTCS CIUTh YacTh TOIUIMBA JUISl JOMOJHUTEIBHOTO
3apa0oTKa. YCTpOHCTBO ciexenus 3a apromoousneM Ha ocHoBe GPS u I'JIOHACC nomoxer 3t0-
ro m3bexarb. Bno6aBok BBl BCer/ia y3HaeTe, YTO aBTOMOOMIIb OTJAIMIICS OT MapIIpyTa WM MO-
MEHsUT HalpaBJIeHUE JBU)KEHUSI.

CnexxeHue 3a MalIMHOW CTAaHOBUTCS IMOIYJISIPHBIM HE TOJIBKO CPeld KOMMEPUYECKUX CTPYK-
TYp, HO ¥ OOBIYHBIX TPaKJaH. Y BEPEHHOCTh B COXPAHHOCTHU BAILIEro aBTO 00ECIEYUT YCTAHOBKA
MOHMTOPHUHIOBOW cucTeMbl. B citydae, eciau oH Oyzaer yrHal, cuctema ciexenus ['JIOHACC-
GPS otblmier ero 3a kopoTkoe Bpemsi. Eciin KTo-To Bocmosib30Bajcs BallliM aBTOMOOMIIEM C Ba-
LIEr0 pa3pelleHusi, TO MOXKETe HE NEepeKUBaTh, IOTOMY YTO BCEI/la CMOXETE MOCMOTPETH €ro
MECTOHaXO0KICHHUE.

GPS-cucreMbl KOHTPOJISA pacxoAa TOIUINBA

Taxue ycTpoHCTBa SBISIOTCS MIPOCTO HE3aMEHUMBIMH, ITOTOMY 4TO PacXo/bl Ha roproyee —
NPAaKTUYECKH OCHOBHAsI COCTABISIONIAS 3aTpaT TPAHCIOPTHOM CIyXObI JTHOOOTO TPEATPHSTHS.
Cucrema kouTposs ToruinBa Ha ocHoBe HaBuranuu [JIOHACC-GPS, obnagaromiasi morpeniHo-
cThi0 He 6onee 1 %, mo3BossAeT Myylle npociaeanTs 3aTpaTtsl Ha ['CM U nmokasbIBaer:

- ICICTBUTEJIBHBIN pacxo/l TOIJINBA;

- OCTaTKU F'OPIOYETr0 B HACTOAILEE BPEMSI.

Bo3HUKHOBEHNE IOMOHUTENBHBIX, HE3aIUIAHUPOBAaHHbBIX PEHCOB.

OOBEM roprouero mpu 3anpaBke UM €ro CIUBE, MECTOMOJIOXKEHUE U BpeMs MMOJTOOHBIX Jeii-
CTBHI.

. »
GPS aHannTutlecKoe’*""' #ﬁ
i- USB kabenb ~ no o | =
- 23
kOOpAMHATbI Ha MHAMBUAYANLHBIA KOHTPONb &”

MeCcTHOCTHW

TepMWHan perucTpaTtop

Habop gaT4MKoB
BopToBOW ceTH

-
oBopoTkl gBUraTens

pacxog Tonnuea no gat4mky OPT(onuus)
-

-
CKOpPOCTh YPOBeHb TONNWBA B bake
AOBWXeHWnA

Puc. 4. GPS-crucremsl KOHTPOIIA pacxoAa TOMINBA
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Puc. 5. GPS-cucremsl KOHTPOIIA pacxoAa TOMINBA

Cucrema «I'JTIOHACCcod1» no3Boaur:

- OCTaTKHU TOIIMBA Ha HA4YaJIO U KOHECI] CMCHHBI,

- HCKJIF0YaTh MAXUHALIUYU C ITyTEBBIMU JIHCTaMU;

- BBIABJIATH 3allpaBKu «MHMO 0aka» M CINBLI TOIIJINBA,

- YTOYHATh HOPMBbI TOIIUBA U BISBIATH [ C ¢ MOBBIIIEHHBIM PACXO/I0M.

KOMMOHEHTbI PELLEHUA

ABoHeHTckn i TepmnHan YMKa300
Datuymk ypoBHA Tonnuea dkckopT TO-500

Puc. 6. GPS-cuctemsl KOHTpOJIA pacxoAa TOMINBA

OObIuHBIE MAaTEMAaTHYECKUE PACUYETHI MIPEANOIAracMOro PacXxoAa TOIJIMBA MCKAXKAIOTCS pe-
aIbHBIMU CUTYALUSIMH HA JI0pOre, IOTOMY YTO OHU HE YUUTHIBAIOT MHOKECTBA HIOAHCOB. A cHC-
TeMa OTCIICKMBAHUS PACXOJIOB TOIUIMBA Na&T KOPPEKTHbIE AaHHbIE 00 ucmonb3oBanuu ['CM, uc-
XO/JIsl U3 PeaibHOro NMpodera aBTOMOOWIIS, MOCKOJIbKY YUUTBIBACTCS KayKas 3aIpaBKa WM CJIUB.
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Hopwma pacxopa roproyero, paccuuTanHast HICXO/s U3 Mpodera aBTOMOOMIIS IpH y4ETe Tonpa-
BOYHBIX KOA((PHULIUEHTOB, — HanOoJee 3KOHOMUYHBIN MOAXO0J MPU HUCIOJIb30BaHUU JIETKOBOTO U
IPY30BOT0 TpaHcHopTa. Tak MOXHO 0oJiee TOUHO KOHTPOJIMPOBATH €r0 IBMKeHHe U pacxox ['CM.
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A.D. Nikishova
GPS, GLONASS TRACKING, VEHICLE TRACKING AND MONITORING SYSTEMS

The satellite tracking systems GLONASS and GPS are described, which provide the possibility to
control vehicles or other objects online using satellite communication.
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TPAHCIIOPTHPOBKA KAK K/JIIOYEBASA UHHOBALIMOHHASA JIOI'HYECKASA
OYHKIMA B JIOTUCTHUKE ITPEAIIPUATHUA

Ocsewaemcess mpaHcnopmuposka Kax Kioyeads UHHOBAYUOHHAS 102uYecKas QYHKYUs 8 102UCmuKe
npeonpuamusi. Jloeucmuxa pacnpedenerus. QyHKYUOHALbHBIE 00IACTMU IO2UCTIUKU.

Knrouesvle cnosa: nocucmuxa, chaboiceHue, npouzso0Ccmeo, mpancnopmuposKd, ynpagienue, pac-
npeoenenue, 00CLYHCUBAHUE, NPOUZBOOCMBEHHO-MEXHOLOUYECKUL YUK NPEONPUSTNUSL

[Tpu popmupoBaHK CITyKOBI JIOTHCTUKH B OPraHU3allMd KOHCTPYKTHBHOE 3HAUCHHUE UMEET
BbIJIeJIeHNE (PYHKIMOHAIBHBIX 00JIACTEH, ONMCAHHBIX HIDKE.

B oTeyecTBEHHOM JIOTHCTHYECKOM MeHeI:KMeHTe (PYHKIMOHAIBHBIMH 00J1aCTSIMH JI0-
TUCTHKH MPUHHSATO CYUTATH:

- cHaOeHHe (3aKyIKH1) MaTepUaIbHBIX PECYPCOB U (MJIM) TOTOBOM MPOAYKIINU;

- IOJICP>KKY TPOU3BOACTBA (B IIMPOKOM CMBICIIE — BCE JIOTUCTUYECKHE ONEpaluu U (yHK-
1M, 00ECTIEYNBAIOIHE TIPON3BOICTBEHHO-TEXHOJOTHYECKUN UK IPEATIPHATHS);

- pacnpeneneHne (IUCTPUOBIONHNS).
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Beinenenne (yHKIMOHATBHBIX OONAcCTel NPUBENO K TOSBICHHUIO MOHSATHH: JIOTUCTHKA
cHaOxeHHs (JIOTUCTHKA 3aKYIIOK), IPOU3BOJICTBEHHAS JIOTHCTHKA, JIOTUCTUKA PACTIPEICICHHS — 1
KHUT C COOTBETCTBYIOIIMMH HAa3BaHUSMH B OT€UECTBEHHOMU JIUTEpaAType.

B 3apy0eKHOM JTOTMCTHYECKOM MEHEHKMEHTE YacTO BCTPEYAeTCS TEPMUH «JIOTHCTHKA Ha
BXO0/1€», OTHOCSIINICS K JIOTUCTUIECKUM (QYHKIHSIM B CHAOXECHUH (3aKyIKax), 1 TEPMHUH «JIOTH-
CTHKa Ha BBIXOJIE», OPUEHTUPOBAHHBIM Ha MHTETPALIUIO JJOTUCTUYECKUX (PYHKIUI U omeparuii B
pacrpeeieHun.

Ho cnenyer mom4epkHyTh, YTO CpEIM YUEHBIX M CIICIIHAINCTOB HET €AMHOTO MOAX0/1a K BbI-
JENeHUI0 (PYHKIIMOHAIBHBIX 00JaCTeH TOTUCTHUKHY.

HekoTopbie oTeuecTBEeHHBIE MCCIIEIOBATENN CYKUBAIOT 3TH OOJACTH IO OTHENBHBIX (hyHK-
Wi, B CBSA3M C YeM Ha MMOJKaX KHIKHBIX Mara3puHOB HEPEIKO MOXHO BCTPETUTHh KHHUTH C Ha3Ba-
HUSMU:

- Tamoowcennas nocucmuxa;

- Cmpaxosas nocucmuxa,

- Tpancnopmuas nocucmuxa;

- Cknaockas no2ucmuxa;

- Unghopmayuonnas nocucmuxa u m.n.

Jleno, KOHEYHO, HE B HA3BaHUH, @ B OTCYTCTBUH WHOTAA KOHCTPYKTHBHOM HJEH, TPUIEM CaMO
CIIOBO «JIOTUCTHKA» JOOABJIECHO B HA3BaHHE KHUT 3a4acTyIO U3 KOHBIOHKTYPHBIX COOOpayKeHUI.

Ecnu MaTepuanbHbIi MOTOK B JIOTUCTHUKE OT HCTOYHUKA CHIPBS O KOHEYHOTO TOTPEOUTEII,
TO OH NPOXOAUT HECKOIBKO (PYHKIIMOHAIBHBIX 00IAaCTe!, NesTEIbHOCTh KOTOPBIX XapaKTepH3y-
eTcsl onpeieIeHHbIME 3a1a4aMu (puc. 1).

Bo-nepBbix, 310 001acTh cHaOkeHus (oOecrieueHus) MPOU3BOJCTBA TOTOBOM MPOIYKIUH,
OCHOBHOM 3a/1a4eil KOTOpoil sBisieTcst OecriepeboiiHoe CHa0KEeHNEe MPOU3BOACTBA MaTePHAIILHO-
TEXHUYECKHMU PECYPCaMH.

NPEONPUATUE

I ] |
| CHABXEHUE| |NPOU3BOACTBO| [PACMPELENEHME |

/MaTBDHaﬂHHbI-E MNOTOKW

YnpaeneHnue Mopopepxka OucTpnbsrouns
2aKkynkamMmm npouM2BoAcTBa
Mﬂmmm;Tcm
——— |
NorneTuka JNlorucTuka INMormeTuka
cHabXeHus npouzeoAcTBa pacnpegeneHus
(norucTuka Ha (norncTuka Ha
BXxoae) Bbixoge)

Puc. 1. Beinenenne QyHKITMOHATBLHBIX 00JIACTEH JIOTHCTUKH TIPSIITPHSTHS

Bo-BTOpBIX, 3TO 00J1aCTh TPOU3BOICTBA TOTOBOW MPOIYKITUH, PYHKITUECH KOTOPOH SBISETCS
obecrnieyeHre (QyHKUMOHUPOBAHUS MPOU3BOJACTBEHHOI'O IIpoIIECcca.

B-TpeTbuX, 3T0 001acTh pacnpesesieHnss TOTOBOW MPOIYKIIMH, OCHOBHON (yHKIUEH KOTO-
poii sBnsieTcst OecniepeboiiHoe obecrieueHue MoTpeduTeNnell roToBOM MPOayKIUEN MPpU MOJIHOM
YAOBJIETBOPEHUH UX CIPOCA.

Taxkum o6pazom, JIC, HaunHaroIIAsACsS OT MEPBUYHOIO MMOCTABIIMKA CHIPhS U MaTEpUalioB U 3a-
KaHYMBAIOIIASICS KOHEUHBIM TIOTpEOHTENIeM, OXBAaThIBACT TpU Oa3uCHBIC (DYHKIIMOHAIBHBIE 00JIaCTH:

- JIOTHCTHKA CHA0KeHMs — 00J1aCTh CHAOXEHUS IIPOU3BOJICTBA MaTEpUAIbHBIMU PECypCamy;
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- JIOTHCTHKA MPOU3BOCTBA (WM JIOTHCTHKA 00ECTIEYeHUS! TPOM3BOJICTBEHHBIX TPOLIECCOB) —
o0acTpe obecredeHns: IPOU3BOJCTBEHHOTO MIPOLIECCa TOTOBOM MPOAYKLINY;

- JIOTHCTHKA pacnpe/ejeHusi — 00JacTb pacipeesieH!s] TOTOBOM POy KITHH.

Opnako Takoe JeJIeHuEe HE 03HA4aeT U30JMPOBAHHOIO MOAX0/JA K yIPABIEHUIO IIOTOKAaMU B
KaX/10i (yHKIIMOHATLHON 00J1acTH JTOTUCTUKUA. HanmpoTHB, KOHIENIMS MHTETPUPOBAHHOH JIOTH-
CTMKHM OCHOBaHa Ha KOMIUIEKCHOM NOAXOJle, TpeOyeT paccMOTpeHHsI Bcex 0a30BbIX olnacteil B
OTHOIICHUH ONTHMM3ALNU CKBO3HBIX MOTOKOB, MPOXOJSIIMX Yepe3 HUX M PadOTaIOMIMX, B KO-
HEYHOM cueTe, Ha notpedutens. Ilpu 3ToM Kaxkaas QpyHKUMOHANbHAs 00JacTh JIOTUCTUKA UMEET
CBOM JIOKQJIbHBIC LIETTU U 33]]a4H, KOTOPbIEC BHITEKAIOT U3 001mei enu Beei JIC.

Jloructuka pacnpenejeHus 0XBaTbIBaeT MHOTHE (DYHKIMH:

- yIpaBJ€HUE paclpeesIeHUEM MaTepUaIbHBIX OTOKOB IIPU CHA0KEHUU KOHEYHBIX MOTpe-
oureneii;

- TIOATOTOBKY W TOCTABKY 3aKa30B B paMKax (YHKLIMHU YIPaBICHUs 3aKa3aMu (JIOTUCTHYE-
CKasl COCTaBJISAOLIAs);

- 00CITy’)KMBaHNE KIMEHTOB MOCPECTBOM MPEIOCTABICHUS JJOTHCTUYECKUX YCIYyT (JIOTUCTH-
YECKUH CepBHUC);

- CKJIQIMPOBaHKE U TPYy301epepadOTKy TOBAPHBIX 3aI1aCOB B CETH PaCIIpPeICIICHUS;

- TPAHCIOPTUPOBKY 3aKa30B MOTPEOUTEISM;

- YIpaBJIEHUE 3a11acaMU B CETU pacIIpeIeICHUS;

- YIAKOBKY I'PY30BOM €IMHULBI B TAPTHH ITOCTABKY;

- YIpaBJICHUE BO3BPATOM Taphl M JePEKTHON MPOIYKIIMH OT OTPEOUTEIICH.

D¢ dexkTuBHOCTH OCYyIIECTBIECHUS (GYHKUUN yIpaBlIeHUs paclpeaeeHUEM, YIIPaBIeHUs 3a-
Ka3aMd U OOCITYXMBaHHUS KIMEHTOB HANpPSMYIO CBs3aHAa C PE3yJIbTATHBHOCTBIO JIEATEIHHOCTH
KOMITAaHUU ¥ 3aBUCHUT OT COTJIACOBAHHOM JEATEIIBHOCTU BCEX OTIENIOB (CIy*k O, AenapTaMeHTOB,
NOJpa3ieNIeHuil) 1 0COOEHHO 3aKyTKH, MApKETHHTa, TPOJIAXK, a B MPOU3BOICTBEHHBIX KOMIIAHUSAX
U OT NPOU3BOACTBEHHOIO OTJeNa (pHc. 2).

MpouseoguTens
roToBOM

npoAyKuMK

MpownseoguTens OnToBMKN OnNTOBMKW PozHuua

JIOTUCTUKA

CcHabXxeHusA nponzBoaOcTEa pacnpeneneHnA

NOrNMCTUKA ‘ ‘ NIOTMCTUKA

ynpaeneHue
pacnpeneneHuem

ynpaeneHue 3a|<yn|-caMH|

pa3mMelleHne 3aKa3oB I

ynpageneHne 3akazammu |

TPaHCNOPTUPOBKA |

oBCcnyXNBaHWe KNHWeH-
TOoB(0DECcneYeHWe Norne-
THUYecKoro cepeuca)

BHELUHAA rpy3onepepa
boTka

cKnaguposaHue l TpaHCNOPTUPOBKA I

ynpageneHue 3anacamm I cKnaguposaHue |

EHeLLHAA rpy3onepepa

BO3BpaT Tapbl | Brewt

ynpaeneHnue zanacamm

BHELWHAA YNaKOBKa

BO3BparT Taphbl |

Puc. 2. ®ynkimoHanbHbIe 00JIACTH JIOTUCTHKH
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CornacoBaHHOCTh ACWCTBUH MO peaTu3aliy JOTUCTHYECKUX (DYHKIMNA M JIOTUCTHYECKIX
OM3HEeC-NPOLIECCOB BHYTPH KOMIIAHUHU SIBJISETCS OCHOBOM MeX(YHKLIMOHAIBHOMN JTOrMCTUYECKOMN
KOOpJAWHAIIMK B KOMITAHUH (OpTaHU3aIiy OW3Heca), MO3BOJISIONICH MOBBICUT AP(GEKTUBHOCTH U
PE3yJIbTATUBHOCTh (DYHKLIMOHUPOBAHUS (PUPMBI B LIETIOM.

Obecneuenue 3(h(HeKTUBHOTO MPOABIKEHHSI MaTEPUATBHBIX TOTOKOB B CETH pacTpeieieHuUs
TpeOyeT MeXOpPraHU3allMOHHOM JIOTUCTUYECKOM KOOpIMHALMH, 3aTparuBaolleil coriacoBaH-
HOCTB pabOTHI BCeX Y4acTHUKOB nHTerpupoBanHoi JIC (MM 1ienu OCTaBKy).

B Hacrosiee BpeMs CII0KUIOCh TPY OCHOBHBIX THIIA CUCTEM pacipeneseHus (puc. 3).

KopnopaTuBHas cucrema, B KOTOPOI TOCIIEOBATENILHBIC 3TAIbl IIPOU3BOJCTBA M pacipe-
JiesieHus1 00beAMHEHBI B paMKax €JMHOJIMYHOIO BJIAJCHUS PACIPEeIUTEIbHON CEThIO.

BepTukanbHasi cucTeMa, KOTa OJMH M3 YICHOB CETH PACIPECNICHHs SBIISCTCS BIIA/ICIh-
LIEM OCTaJIbHBIX 3B€HBEB JINOO MPEJOCTABIIAECT UM TOPrOBbIE MPUBHIEIUN WM 00J1a1a€T BO3ZMOX-
HOCTSIMU JUTSL yTIPABJICHUS] HMH.

YnpaBrneHWe pacnpegeneHem

ynpaenedHne 3aka3amu

MapkeTuHr obcnyxuBaHWe KITMEHTOB MNpogaxwu
CKNnagupoBaHue
TPaHCNOPTUPOBKA

3aKynku ynpaBneHne 3anacamm lpounsBoacTeo

BHELWHAA YyNaKOBKa

BO3Bpart Tapkl

Puc. 3. (DyHKLII/II/I JIOTUCTHUKHU PACTIPCACIICHUA U KOOpAWHAIIUA CMEKHBIX CJ'Iy>K6 IpU UX peaar3aln

JloroBopHasi cucTeMa — COBOKYITHOCTh HE3aBUCHMBIX KOMIAHUN — 3BEHBEB JIOTHCTHYECKOM
cucteMbl (3JIC), cBsi3aHHBIX JTOTOBOPHBIMH OTHOIIEHHUSMH M KOOPJIWHUPYIOIIUX MPOTPAMMBbI
CBOECHl 1€ATEeIbHOCTH UISI COBMECTHOTO JOCTHKEHHUS OOJIbIIeH 3KOHOMUM WIHW/U OOJBIINX KOM-
MEpPUECKHX Pe3yJIbTaTOB, YeM 3TO MOKHO ObLIO ObI clIeNaTh B OMHOYKY.

PaccMoOTpUM KJ/II04eBYI0 JOTHCTHYECKYI0 GYHKIMIO — TPAHCIIOPTHPOBKY.

Ceroansi npeanpusiTusi TPaHCHOPTA QYHKIUOHUPYIOT B YCJIOBHUSAX PLIHOYHON IKOHO-
MMKH:

- chopmMupoBaCsl PHIHOK TPAHCIIOPTHBIX YCIIYT;

- YCHWJIMJIACh KOHKYPEHIUS MKy MPEANPUATUSIMUI U Pa3IMYHbIMU BUIaMU TPAHCIIOPTA;

- Y’)KECTOUMINCH TpeOoBaHUs K TapudaM U KadyecTBY TPAHCIHOPTHBIX YCIYT CO CTOPOHBHI IO-
TpeOuTeneii.

CoBpeMEHHYI0O MHCCHIO TPAHCIIOPTUPOBKH B CHCTEME JIOTUCTUYECKOTO CEPBHCA MOKHO
KpaTko cOpMyJIHPOBATH CIEAYIONMM 00pa3oM: TOCTaBIATh HY>KHBIA TOBap TpeOyeMoro kade-
CTBa M KOJIMYECTBA B 3aJIaHHOE BPEMSI C ONITUMAJIbHBIMU 3aTPaTaMHu.

B cTpykType mOrMCTHYECKHX 3aTpaT TPAHCIOPTHBIE PACXOAbl COCTABISIOT 3HAYUTEIHHYIO
nomto — 20—40 % u 6osee, HOITOMY ONTHUMHU3ALUS PELICHUH B TPAHCIIOPTUPOBKE MO3BOJIMT JIOTH-
CTHYECKOMY MEHE/DKMEHTY MOJYYUTh 3HAYUTEIbHYIO0 SKOHOMHIO 3aTPaT, HO MOTpeOyeT U CHelu-
QIBHOTO BHUMAHMSL.

Tpancnopty npuHaIekuT 0codasi posib B CTAHOBJIICHUH U PAa3BUTUU JIOTUCTHKH B Poccun.
OTtedecTBEHHbIE TPAHCIOPTHBIE M SKCIEIUTOPCKUE TMPEANPUSNTHS, YYAaCTBYIOIIHE B MEXKIyHa-
POJHBIX MEPEBO3KaX I'Py30B, MEPBBHIMU YBUAETU HEOOXOJUMOCTh BHEJIPEHHSI COBPEMEHHBIX JIO-
TUCTHYECKUX TEXHOJOTUH TPAHCHOPTHUPOBKU U Tpy3omnepepadorku. KpymHble poccuiickue rocy-

92



JapCTBCHHBIC 1 YaCTHBIC TPAHCIIOPTHBIC U SKCIICAUTOPCKUC MPCANPHUATUSA CTAJIN aKTUBHO CO31a-
BaTh CBOM TEPMHHAJBHBIC CETH, TPy30paCIpPEICIUTEIbHBIC U JIOTUCTHYECKUE TIEHTPHI, CUCTEMBI
MH()OPMAITMOHHO-KOMIIBIOTEPHOM MOJEPIKKH JIOTUCTHIECKOTO cepBuca (puc. 4).

- NMPOUBOOWUTEND
KOHTEMHEPHARA
TEXHONOINA
KoHTelhHep Ha cknap
BHewHwWR
TOBapoOHOCUTENL
Cknap,
NAKETHASA
TEXHONOIMA
__________ KoneuyHomy
Mnockun notpeburento
noaoaoH
Kpynnas CpenHan Menkan
pO3HMUa poO3HMLUA pPoO3HMLA

Tapa- KoHTelHepHan
obopynosaHune TenexKa

Puc. 4. CxeMbl OCHOBHBIX TEXHOJIOTHI TOBApOABMKCHIS

Tem He MeHee MOTEHIMa JOTUCTUKU B TPAHCIIOPTHOM KOMIUIEKCE MCIOJIb3YETCs HeJ0CTa-
TOYHO.

CoBpeMeHHbIE MPEACTaBIECHUSI O TPAHCIOPTUPOBKE Ipy30B B Poccuu cTano cymecTBEeHHO
HU3MCHATBHCA C PAa3BUTUCM PBIHOYHBIX OTHOILIEHUH — OT TPpAHCIIOPTA KaK OTpacCiiu, HpHpaBHeHHOfI
K MPOMBIIUIEHHBIM OTPAciisiM, 10 Cepbl YCIyT — TpaHcopTHOro ceppuca. [loatomy norpedure-
JIM TPAHCTIIOPTHBIX YCIYT BBHIOMPAIOT TaKHe BHUJIbI TPAHCIIOPTA U CIIOCOOBI TPAHCHOPTUPOBKH, KO-
TOpble 00eCTIeYNBAIOT HAWTyYlllee Ka4eCTBO JIOTHCTUYECKOTO CEpBHUCa.

TpaHcnopTHBIN CEepBUC B COBPEMEHHBIX YCIOBHUSAX BKIIFOYAET HE TOJIBKO COOCTBEHHO IEpe-
BO3KY T'PY30B OT ITOCTaBIIUKA MMOTPEOUTEII0, HO M OOJIBIIIOE YHCIIO IKCIETUTOPCKUX, HH(pOpMa-
[IMOHHBIX OTepaIiii, YCIIyT MO Tpy30IepepadoTKe, CTPaxOBAHUIO, OXPaHE | T.II.

[ToaToMy TpaHCHOPTUPOBKY MOKHO ONPEIEIUTh KaK KIIFOUEBYIO JIOTUCTUYECKYIO (QYHKIIHIO,
CBSI3aHHYIO C IEpeMEIleHHEM MPOAYKLUUHU TPAHCIIOPTHBIM CPEACTBOM (WMJIM CPEACTBAMHU) MO OII-
peneneHHON TEXHOJIOTUU B LIEMU IMOCTABOK U COCTOSIIIYIO U3 JJOTUCTUUECKUX Oonepauuid u QyHK-
[UH, BKIIOYasi YKCIEAUPOBAHUE, TPY30IepepadoOTKy, YIAKOBKY, Mepeaady npaB cCOOCTBEHHOCTH
Ha Ipy3, CTpaXxOBaHUE PUCKOB, TAMOKEHHbIE MPOIETYPhI U T.II.

[lepconan ciy>X0bl TOTUCTUKUA (PUPMBI NIPH OPraHU3ALMKU TPAHCIIOPTUPOBKU B JIOTUCTHUYE-
CKOH cucTeMe JODKEH pelaTh psajl 3aau.

Ha ypoBHe JIOTHCTHYECKOI0 MeHeIKMeHTa (pMPMbI yNpaBJ/ieHHe TPaHCIOPTHPOBKOM
COCTOMT U3 HECKOJIbKHX OCHOBHBIX 3TAMNOB:

- BBIOOp BUIAa TPAHCIIOPTA;

- BBIOOD crmocoba TpaHCIIOPTUPOBKH (BUIA TIEPEBO3KH);

- BBIOOp TPAHCHIOPTHOTO CPEJICTBA;

- BBIOOP MEPEBO3YMKA U JIOTUCTUICCKUX MAPTHEPOB 10 TPAHCTIOPTHUPOBKE;

- ONTUMH3AIMS TapaMeTPOB TPAHCIIOPTHOTO MpoIiecca.
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[Ipu opranuszanuu TPaHCIOPTUPOBKH HEOOXOJUMO COIJIACOBaTh U KOMILJIEKCHO CIUIAHHUPO-
BaTh €€ ONEPALUU COBMECTHO C JIPYT'MMHU JIOTHCTUYECKUMHU (PYHKIUSAMH, HAIpUMEp CKJIAAUPOBa-
HUEM, TPy3011epepabOTKOM, YIIaKOBKOM U T.II.
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INEPCHEKTHUBbI YIIPABJTEHWA HPOMBICJIOM BOAHBIX BUOJTOT'MYECKHUX
PECYPCOB B JAJIBHEBOCTOYHOM BACCEUHE

Bo spemena Cogemcxozo Coroza pvibHuas npomviutieHHocmy [lanbneco Bocmoka umena konoccaiob-
Hoe pazeumue U 0ocmotiHoe mamepuanvioe noocnopwve. Koney XX—nauano XXI eéexa — cnooicHetiuiuil
9Man 6 JCU3HU Haulell CIMPAHbL, KOMOPbILL OXAPAKMEPUZ0BAICSL YHAOKOM NPAKMUYECKU 8CeX cmpamezuye-
CKUX HanpasieHuil 9koHomuxu. Ha ceco0nswmuil denv audepom no 0obwive u nepepabomke pvlOonpooyK-
yuu sensemca Kumati. Ha /lanenem Bocmoke mecmHbIMU 81ACMAMU NPUHUMAIOMCS MePbl O 80CCMAHO08G-
JIeHUI0 000bIYU BOOHBIX DUOPECYPCO8 U NPUOTUICEHUIO UX K NOKA3AmMeNsiM npoultvix nem. Paccmampusa-
IOMCs OCHOGHVIE HANPABNEHUST PA3BUMUSL PblOOX03AlCMEeHH020 cekmopa /[[B 6acceiina, a maxoice npo-
Oiembl, ¢ KOMOPLIMU CIATKUBAEMCS 000bIBAIOWUL, NEPepadamvléaoOWull U 102UCIMULEeCKULl YeHMPD.

Knrwouesvie cnoea: mepmunan, pecuon, mexuoi02UtecKull Yuki, npoeKm, MopenpooyKmuyl, UHGeCHu-
YUOHHAS 0esAmMeNbHOCHb, MO08apo06opom.

ITo nanHbpIM MUHBOCTOKpa3BUTHS, OJU30CTh K cTpaHaM A3uaTcKO-THXOO0KEaHCKOro peruo-
Ha naetr JlanpHeMy BocTOKy BO3MOKHOCTH HE TOJIBKO AJISL CO3AAHUSI COBMECTHBIX IIPOEKTOB, HO U
JUIS YBEJIIMYECHHUSI HKCIOPTa PBHIOOMPOAYKIIMU Ha MHPOBOH pHIHOK. Tak, 3a mepBO€ MOIyroane
2017 r. roBapoobopoT mexny Poccueit u Kuraem Boipoc Ha 35 % u cocraBun $38,38 mupa. Bei-
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pOCIM TIOKa3aTesld M JKCIopTa, U uMmnoprta. [Ipm 3ToM Hamo OTMETHUTh, YTO BTOPOW KPYMHOM
CTaThel SKCIOpTa SIBISETCS PbIOA, PaKooOpa3Hble M MOJUIIOCKH — 00BEM HX MOCTaBOK BBIPOC
Ha 32,2 % [1].

UT0oOB! CTUMYIUPOBATH HHBECTUIIMOHHYIO AESITEILHOCTD B PIOHOM OTpaciy, Mo NOPyUYEHUIO
[Ipesunenta Poccun Brnagumupa IlytuHa B MUHBOCTOKpPA3BUTHS MOATOTOBUIIM IPEATIOKEHUS,
KOTOpBIE JIETTIM B OCHOBY 3aKOHOJATEJIbHBIX MHULMATUB. Tak, ¢ 2017 r. 3amynieHa nporpamma
«KBOTHI B 0OOMEH Ha MHBECTUITUNY. MeXaHW3M MOAJIEPKKH PHIOHON OTpaciy Mpe/oaraer mpe-
JIOCTaBJIEHUE KBOT Ha J0OBIYY BOAHBIX PECYPCOB B OOMEH Ha CTPOMUTEIHCTBO HOBBIX CYJOB WMJIU
nepepabarbiBarominx MomHocteit Ha JlanbHem Boctoke. o 20 % ot oOuieomycTuMoro yioBa
Oyzer oTBeJeHO Ha 3T 1enu [1].

Cpenu peruonoB [lanbHero Bocroka nuaepoM Mo BHEAPEHUIO MepepadaThIBAIOMIUX MPOU3-
BojcTB sBisieTcss Kamuatckuit kpait. C 2008 r. 31ech Ob1I0 co3AaHO 17 COBpEMEHHBIX 3aBOJIOB.
Tonpko B 2016 1. yacTHbIE HHBECTULIMM B PEKOHCTPYKIMIO U CTPOUTEIBCTBO HOBBIX 3aBOJIOB Ha
Kamuatke coctaBunu nopsiaka 1,5 muipa py0. Ceituac Ha moJiyoCTpOBE B CTaJAMH peallu3alluy Ha-
xosaTcs eme 10 MHBECTUIIMOHHBIX MPOEKTOB ¢ 00beMOM BoxkeHui noutu 11 mipxa py6. boib-
I1asi 4acTh U3 HUX — Ha MoOEpexbe B OTHAICHHBIX paiioHax Kpas. B uncie kpynmHeWmmx npoek-
TOB — CTPOMTEIHLCTBO HOBOTO KOMIUICKCA PHIOOKOMOMHATAa B ThIMIaTe ¢ 00HEMOM HMHBECTUIUH
6omnee 2 mupa py6. B mpomiom roay mpoekT mosrydui ctaTyc oco6o 3HaunmMoro. Eme nBe opra-
Hu3auuu nonyywin cratyc pesuneHtoB TOP «Kamuatkay. Konxos umenn Jlennna peanusyer
MPOEKT 10 CTPOUTENILCTBY HOBBIX MPOU3BOJICTBEHHBIX KOPITyCOB OeperoBoit ¢abpuku B Ilerpo-
naByioBcke-KamuarckoM. HykHo oTmeTuTth, uTo komnanus «l'opox 415» coBMecTHO ¢ Kopei-
CKUM OM3HECOM IJIaHUPYET CO3JaHie KOMILIeKca Mo TiTy0oKkoil mepepaboTke phiOb [2].

Ha pa3Butue 6eperoBoii nmepepaboTKu HalleldeH U XabapoBCKUHM Kpail. 31ech, Hampumep, B
paMKax TEPPUTOPUH OIEPEKAIOIIEro pa3BUTHs, B HukomaeBckoM paiioHe OyayT BBOAWUTH B IKC-
TUTyaTaluio 3aBoj] Ha Oepery CaxanuHckoro 3anuBa. [Ipeanpusitie miaHupyercs cBs3aTh aBTOMO-
OounbHON nmoporoit ¢ HukomaeBckoM-Ha-AMype U ceioM MIHHOKEHThEBKa, BOJHBIM TPAaHCIIOPTOM
HaMe4YeHO oOecrevynBaTh OCTaBKY MPOMYKIMU M paboueit cmibl 10 Komcomoinbcka-Ha-Amype,
XabapoBcka. 3aBOjI TOJDKEH TepepadaThiBaTh HE TOIBKO JIOCOCH, HO U CEJIb/Ib, HaBary, MOBy [2].

Pri6onepepabartriBaromuii koMOuHAT «BOCTOUHOE)» TakKe IUIAaHUPYET MOACPHU3ALIUIO TIPO-
M3BOJICTBA U CTPOUTEIHCTBO HOBOTO pbi003aBoa Ha muiomaakax TOP «Hukonaesck». MuBectu-
MY B KOMOUHAT B cenie ITHHOKeHTheBKa cocTaBaT nopsaka 500 muaH pyo. [2].

B IIpumopckom kpae B pamkax pexumoB TOP cBou IMpOEKThl peanu3yroT ceMb pbIOONpo-
MbInUIeHHBIX npeanpusatiil. Cpenn HuX — OAO «HaxoIkuHCKUE MOPCKOM phIOHBINA TOPT», KO-
TOpPOE MOCTPOUT PHIOHEIH TepmuHai B Haxonke, OO0 «BnaIuBOCTOKCKUI PHIOHBIN TEpMUHAD C
MIPOEKTOM CTPOUTENHLCTBA XOJIOIMIBHO-CKIAJCKOTO0 KOMILIEKCA M0 MEpPeBaIKe U XPAaHEHHUIO Pbl-
oonpoaykimu [2].

Ho, moxxanyi, onuH U3 cambIX aMOMIIMO3HBIX MPOEKTOB OyIeT peann3oBaH Ha CaxaiuHe.
3nech, y)ke nmomyuuBmuil craryc pesugenta Crobomnoro mopra, OOO «IOxubii TepmuHAY
IIaHupyeT co3naTh B KopcakoBe prIOHBIN TOTrHCTHYECKO-TIepepadaThiBatomiuii entp. uBectop
IUTAHUPYET BIOKUTH B pa3BUTUE FPPEKTUBHOIO cepBUca U TOProbiau 998 miH py0. buznecmenst
1 00JIaCTHBIE BJIACTU HA3bIBAIOT MPOEKT MEPBHIM IIaroM sl JOPMHUPOBAHUS PHIOHOTO KJlacTepa ¢
MCIIOJIb30BAaHUEM COBPEMEHHBIX TEXHOJIOTMUYECKUX MPOIECCOB Ha TeppuTopuu CaxairnHCKOM 00-
nactu [2].

JpyruM nomyJssipHbIM HalpaBiIeHUEM y HHBECTOPOB siBJsieTcs cynoctpoenue. Cerogas 90 %
pbid6osoBHOTO (iioTa B Poccuu cOCTaBISAIOT Cyna, KOTOpbIe ObUTH MOCTpoeHbI 6osee 20 et Ha-
3a1. [To ganueiM Munnpomropra Poccun, noTpeGHOCTh pbI00IOBEIKUX Oopranu3amuii lansHeBo-
cToyHOro pernoHa Ha nepuoa 10 2030 r. oueHuBaercs B 147 cynoB. Mexay TeMm 3a MOCieIHUE
roJibl Ha pOCCUMCKUX Bep(]siX HEe ObLIO MOCTPOEHO HU OJHOTO KPYMHOTOHHAXHOI'O MPOMBICIIOBHU-
ka. Bce uHBeCTHIINH, CBSI3aHHBIE CO CTPOUTENIBCTBOM U MOJEpHHU3aNuen (proTa, 10 CeroaHsIIHe-
ro JHsS «yTeKaam» 3a pyoexx. Ho HHBECTKBOTHI BMecTe ¢ OOJIETY€HHBIMH HAJOTOBBIMH M TaMO-
KEHHBIMHU PEKUMaMU JIOJKHBI 3TOT BEKTOP B KOPHE U3MEHUTH [2].

[Tomumo kBoT, CaxaaMHCKHME KOMIIAHUM NEPEHSIM KUTAWCKUHA ONBIT 10 BO300OHOBJICHHIO
BOJIHBIX OuopecypcoB. M3BecTHO, UTO M3-3a PE3KOro yBeIMUYCHHs BbUIOBa pblObl Kutaem mect-
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HBIE BOJIbI 3HAYUTEIFHO 00CIHEHN U PUCK 3KOJIOTMYECKON KaTacTpo(dbl pacTeT ¢ KaXIbIM T'OJIOM.
Kurail 3auHTepecoBaH B NOCTaBKaX KaueCTBEHHON PBHIOONPOAYKLMHU B OOJBLIIMX 0OBEMax, 4TO
MBI U MOKEM HaOJIIOAaTh ceifyac, OleHUBAs SKCIIOPTHYIO MOJUTHKY J[aIbHEBOCTOYHOTO PETHOHA.
[ToctaBku poccuiCKON pHIOBI BHIPOCIIH, HO YUYEHBIE BCEPhE3 OMACAIOTCS ellle OOJIBbIIEro yXyamie-
HUS SKOJIOTUYECKOM cuTyaruu [3].

Jlunepom 1o MCKyCCTBEHHOMY BOCIPOU3BOACTBY Jiococel B Poccun Ha ceroqHsAIIHUN JeHb
npu3HaHa CaxanuHckas o6macTs. Tam pabotaet 41 peIOOBOIHOE MPEANPUATHE U HAYATO TPOCK-
TUPOBaHHUE U CTPOUTENLCTBO eiie 10 JIococeBbIX ppIOOBOIHBIX 3aBO0B. HOBbIE 3aBOJIbI IO BbI-
MYCKy MOJIOIW ropOymm U KeTbl OyayT moctpoeHsl Ha Kypuibckux octpoBax Urypyn, Kyna-
mmp, [InkoTan. T0 MO3BOIUT yBEIUUYNUTH BhITYCK Mostoau 10 1,2—1,25 mupa wryk B rox [3].

Brnepseie 3a 30 neT HaYHYT MCKYCCTBEHHOE BBbIpAL[MBAaHUE HA PHIOOBOJHBIX 3aBO/IaX CUI'OB
(pb16 cemeiicTBa sococeBbix) Ha Konbive. CooTBeTcTByOmUME padboThl Hayatel B 2017 1. «B sH-
Bape—deBpaie 2017 roga ®PIT'BHY «MarananHVPO» npuctynuio K npuoOpeTeHnto, TpaHCIop-
TUPOBKE U MHKYOAallMy MKPBI MEIsSAU C NapayieIbHOW 0TpabOTKOM OMOTEXHOJIOIMH HCKYCCTBEH-
HOT'O BOCIIPOM3BO/ICTBA CHroB B ycioBusix Kpaiinero CeBepo-Boctoka Poccuny, — coobummm B
yupexaeHuu [3].

Mexnay tem B okTsi0pe 2016 1. Onbekast SKCIiepUMEHTabHAs POU3BOICTBEHHO-aKKIINMMa-
TU3alMOHHas 0a3a yke Kynuia U yCTaHOBMJA ammapatsl «Beiica», cMOHTHpOBasIa U 3amycTHiia
YCTaHOBKY IOJy3aMKHYTOT'O BOJIOCHA0XKEHUSI, KOTOpasi MO3BOJISIET HHKYOHPOBATh A0 5 MIIH HK-
PUHOK CHI'OBBIX BHJIOB PbIO C MOCJEIYIOIIUM MOJyY€HHEM OJHOJHEBHBIX JIMUYMHOK U MOJpAIIU-
BaHueM MoJiou. [Ipyu HeoOxoauMOCTH IPOU3BOCTBEHHBIE MOIITHOCTH MOKHO PacIIMpuUTh [3].

3a yBeJIMUYCHME JI0JIM aKBAKYJbTYpbl B 00IIeM 00bEMe MOPENPOIYKTOB, IPOU3BOIUMBIX B
CTpaHe, B3sJIMCh B Xa0apOBCKOM Kpae. JTo OyAeT JOCTUTHYTO 3a CUET CTPOMTEIHCTBA HOBBIX
3aBOJIOB IO BBIPAIMBAHUIO JIOCOCEH, TpenaHra, Kpabos, Muaui. Takue MpOeKThl MIAHUPYIOTCS
wm yxe peanmsytorcsi B CoBercko-I'aBanckoM, Bannnckom m HukomaeBckom paiionax Xaba-
poBckoro kpas. Tak, B Coerckoil I'aBanu «Poroonosenkuii konxo3 «IIpocrop» Belyckaet Ouo-
JIOTHYECKHU aKTUBHBIEC JOOABKHU U3 JAMUHAPUH U HaMepeH BIOXKUTh 130 MiH pyO. B MOIIIHOCTH 110
BBIPAILMBAaHUIO MOJIOJU Kpaba ¢ 00bEMOM MPOU3BOJCTBA 10 25 MJIH IUTYK B IO, — PACCKa3aiu B
KOMHTETE PHIOHOTO XO3sCTBA MpaBUTEIbCTBA perrnoHa. B BanuHckom paifoHe pbrOosnoBerkas
aptenb uMeHn S50 jet OKTAOps pemmsiaa CTPOUTh HOBBIA JIOCOCEBBIM PHIOOPA3BOIHBINA 3aBO/T
MOIIHOCTHIO 10 50 MITH T MOJIOJH B roJ1. B 3TOM rofy MpoeKT JOKEeH OBbITh peanu3oBaH [3].

Heo6xonnmo Takxke NOMHUTB, 4YTo KuTtail sBisieTcss Kak MapTHEPOM, TaKk U KOHKYPEHTOM B
HKCHOPTE PHIOOIIPOAYKLMH B CTpaHbl 3anana, bimkaero Bocroka, AmMepuku u 1.1. Tak, HEKOTO-
pBIM 3alajHbIM CTpaHaM BbITOJIHEE 3aka3biBaTh y Kwuras HeoOXoAuMoe KOJIMYECTBO BOJHBIX
OHOpecypcoB MO HECKOIBKUM IIPUYUHAM:

- U3-3a JICNICBU3HBI paboyeli CHIIbI, HATMYUS COBPEMEHHOTO (DJ1oTa M 000py0BaHUS HA HEM;

- U3-32 MMEIOLIErocs KPYIHOIO TEXHOJOIMYECKOrO M JIOTMCTHYECKOro LeHTpa (pbIOHBIN
nopt L{uHnao sBisieTcs LEHTPOM peIOHOM NpoMblluieHHOCTH KuTas, nmeer rpy30000poT OK0I0
310 MJIH T B TON);

- U3-32 CIOCOOHOCTH KUTAMCKOM JIOTUCTUICCKON CETH HaTU HarbOoJIee BBITOHBIN MapIIpyT
JIOCTaBKH Ipy3a.

Kak y»e ObU10 CKa3aHO BBILIE, CTPOUTENBCTBO HOBBIX CKJIAJICKUX MOMelleHni Ha JanbHeM
Boctoke, 060py0BaHHBIX pedprKepaTOpaMu, yxKe MPOSKTUPYETCS U CTPOUTCS; HEMAJIOBAXKHBIM
(akTOpPOM pa3BUTHS JAHHOTO HAIPABJICHUS SIBJIAETCS [IEPEOCMBICIECHHE LIEH Ha TPAHCIIOPTUPOB-
Ky Tpy3a. M3BecTHO, YTO M3-3a CIUILKOM OOJNBIION Tapu(UKalUU B MOPTaxX Ha OOCITyKMBAaHUE
3aXOSIIUX Cy/10B, HEXBATKH MECT Ul XpaHEHMsI OCTYNAOIIUX IPy30B, YCTAPEBIIMX ITOPTOBBIX
Heperpy304YHbIX MAIMH U MPUCIIOCOOICHUN MHOCTPAHHBIM KOMITAHUSIM-CYIOBJIAICTIbIIaM HEBBI-
T'OJIHO 3aX0JIUTh B OpTHI [IB Gaccelina.

[To mpuamne Toro, uTo JlanpHeBocTOUHBIN DenepanbHbIA OKPYT 0JIT0€ BpeMs ObLIT 001eTIeH
JIOJDKHBIM BHUMaHUEM, BCsl TEXHUYECKasi 0asa, ocrapiiasics co BpemeHn CCCP, ycrapena. OOHOB-
JIEHWEe TIOPTOB MJET MEUIEHHBIMU TeMIlaMu. [[Ji1 BBICOKOTO 3KOHOMHUYECKOro 3¢ ¢dexra HeoOxo-
MM MOIIHBIN PHIBOK: 0OJbIINE (PUHAHCOBBIC BIOXKEHHS, CTAOMIBHBIA MPUTOK WHBECTULIUH, aK-
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TUBHas 60prOa ¢ KOPPYIIIMEH W KOHTPOJb 32 BCEMH MPOEKTaMU TOCyJapcTBa, PUHAHCAMU U MX
Ka4eCTBEHHOHU peanu3anueil. Taxke He0OXOIMMO MePeCMOTPETh HAJIOTO00I0KEHNE U TAMOKEH-
HOE 3aKOHO/aTeNIbCTBO. 110 MHEHUIO SKCIEPTOB, MPEANPHUHATHIX MEp HA CETOAHALIHUNA JeHb He-
JOCTATOYHO IS TOTO, 4TOOBI pazBuTHe JlanpHero BocToka 1o ceMIMUITBHBIMY [IaTaMu.

Takum 00pa3om, MOXKHO cIenaTh BBIBOJ O TOM, YTO NMEPCIIEKTUBBI YIPABICHUS TPOMBICIIOM
BOJIHBIX OMOJIOTHYECKUX pecypcoB B JlanbHEBOCTOUHOM OaccelHe HANpsIMYIO 3aBUCSAT OT MECT-
HOT'O CaMOYTIPABJICHUSI M OT KOHTPOJISI TOCYIapCTBEHHBIX OPraHoB 3a 3((GEKTUBHON peann3anneit
M OCBOCHHEM KBOT, OIO/DKETHBIX CPEACTB U OT MHBECTUIMH 3aMHTEPECOBaHHBIX Juil. Heooxomu-
MO B CPOYHOM MOpsiAKE 00ECIIeUUTh NOPTHI JOCTATOUYHBIM KOJIMYECTBOM CKIJIAJICKUX MTOMEUICHUH,
CHOCOOHBIX MPUHSTH OOJIBIIOE KOJMYECTBO PHIOOIPOTYKIIMH, OCHACTHTD (DIOT Tu1aBOa3aMu H Iie-
pepalaThIBAONMIMU CyJaMH HOBOTO IOKOJICHHS M TOJATOTOBUTH KBaTH(UIIMPOBAHHBIE KaIpHI,
KOTOpBIE OyAyT KOMIETEHTHBI B PHIOHON OTpaciy U 00y4eHbI BCEM COBPEMEHHBIM TEXHOJIOTHSIM
nepepaboTKU, TPAHCTIOPTUPOBKH, XPaHEHHS U YTTAKOBKU MOPCKON TPOYKIIHH.
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PROSPECTS OF MANAGEMENT OF FISHERY OF WATER BIOLOGICAL
RESOURCES IN THE FAR EAST BASIN

During the Soviet Union, the fishing industry of the Far East had a colossal development and a wor-
thy material support. The end of the 20th - the beginning of the 21st century - the most difficult stage in the
life of our country, which was characterized by the decline of practically all strategic directions of the
economy. To date, China is the leader in the production and processing of fish products. In the Far East,
local authorities take measures to restore the extraction of aquatic biological resources and bring them
closer to the indicators of the past. In my article I will consider the main directions of the development of
the fisheries sector in the Far East of the basin, as well as the problems faced by the mining, processing
and logistics centers.
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OPI'AHM3AILIMSA TEPMUHAJILHOMN NEPEBO3KHU.
TAJIBMAHCKOE OBCJIY’KUBAHHUE

Packpvima opeanuzayus mepmunanivrou nepegosku. Tanemanckoe obcnyacusanue. OcobeHnocmu
A2eHMCKO20 U IKCneoumopckoz2o oocayscusanus. Ilpasuna 3azpysku xonmeunepa. Ocobennocmu mapu-
@06 Ha nepesosKu 2py306 6 KOHMEUHEPAXx.
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TpaauiMoHHO TOJT CTUBUIOPHON PabOTOM MOapa3yMEBAIOT ONEpaIiy 10 MOTPYy3Ke rpy3a u
€ro BBIFPY3KE, pa3MelIeHHe U YKIAAKy Ipy3a B TPAHCIOPTHOM CPEICTBE, YTOOBI 00ECIeYUTh HE
TOJIKO COXPaHHOCTb, 0€30MaCHOCTh MEPEBO3KHU TPy3a, HO U UCIOJHEHHUE CaMOi MEepeBO30YHOM
orepaiuu — peiica cyHa, mpodera BaroHa, aBTOMoOWIIs, Tpeisiepa ¢ Tpy30M U T.J.

K 3TM paboTam OTHOCST TakXke psiJi MaHUITYJIALKN ¢ Fpy3aMy Ha TepMUHalie (Ha Oepery), B
CKJIaJie, EPEeBAJIKy Tpy3a C OJHOIO BUJA TPaHCHOPTa Ha APYTOH, B3BEUIMBaHUE I'Py3a, €ro cop-
TUPOBKY U T.II.

OCHOBHBIM JJOKYMEHTOM, PETyJUPYIONIMM MPABOOTHOIICHHUSI MEXKAY MEPEBO3UMKOM U CTH-
BHUJIOPHOM KOMITAHUEH, SIBJISETCS CTUBUIOPHBIM KOHTPAKT. B HEM OIIpenesaroTCs BCe KOMMeEpUe-
CKHE YCIIOBUSI MEXIy CTHBHIOPOM U MEPEBO3YMKOM, OCHOBHBIMU U3 KOTOPBIX SBISIOTCS CPOKHU
MPOBEICHUS TPY30BbIX Pa0OT MJIM HOPMBI IOTPY3KU-PA3TPy3KU U UX CTOUMOCTh. B GosbnHCTBE
KPYITHBIX TIOPTOB MHUPA MCHOIB3YIOTCS TUIOBBIE MPO(OPMBI CTUBUAOPHBIX KOHTPaKToB — «O0-
1K€ yCIOBUS pabOThI CTUBHUIOPOB, pa3pabOTaHHbIE ACCOLMALIUIMU MOPTOBBIX CTUBUIOPOBY.

OpHako HEKOTOpBIE MyHKTHI TUMOBBIX KOHTPAKTOB CTOPOHAMHU MPUHUMAIOTCS B 00s3aTelNb-
HOM mopsiike. K TakuM MOKHO OTHECTH OOS3aHHOCTH OIUIAThI paboT MEePEeBO3YMKOM B TEUCHHE
MPOJOKUTEILHOTO CpoKa (Kak MpaBuio, B TeueHue 14 aHell), OTBETCTBEHHOCTh CTUBHIOpPA 3a
y1iep6 nepeBo30YHOMY CPEJICTBY UITU TPY3Y.

CaMbIM THIATEIBHBIM 00Pa30M HYKHO TEPEUUCIIUTh 00SI3aHHOCTH CTHBUIOPA 110 KOHTPAKTY .
CruBujopHas cTaBKa JIOJDKHA OXBATHIBATH BO3ZMOXKHO 0OJI€€ TOJIHBINA TEepeueHb BBIMOIHAEMBIX
orepanuii, MOCKOJIbKY 3a ONepalu, KOTOpPble OCTaHyTCsl HE BKJIIOYEHHBIMU B IEpeUeHb pador,
CTHBHJIOpP MOXKET TPEOOBATh JOMOJHUTEIBHYIO TUIATY.

B norosope co CTUBHAOPHOH KOMIIAHUEH J0JIKHBI ObITH COTJIACOBAHBI CJIeAyIONIHEe M0~
3MIUH:

- CTaBKa 3a MEpEeBaJKy IPy30B (C YUETOM CKHJOK 32 00bEeM MEPEeBANKU) — Pa3JeibHO IS
MPSIMOTO U CKJIaICKOTO BAPUAHTOB;

- paOoTBbI, BKIIFOYCHHBIE B TAPU(PHYIO CTABKY;

- CTaBKH Ha pabOTHI, BBIOITHICMBIE 32 0COOYIO IIIaTy;

- BaJIOBasi MHTEHCUBHOCTh T'PY30BbIX pabOThl U 005S3aTENILCTBO MOPTAa KOMIIEHCUPOBATH J10Ka-
3aHHBIC YOBITKU KJIMEHTA B CIy4ae, €CJIM U3-3a HEBBITIOJIHEHHUS MIOPTOM COTIACOBAaHHBIX HOPM JKC-
MEJAUTOP OIUIATHII IITpad 3a MPOCTOM BaroHOB / aBTOMAIINH WM AEMEpekK 3a MIPOCTOH CyaHa;

- CUCTeMa B3aMHOW MH(OPMAIIUH JI0 TTOIX0a CY/THA,;

- 00513aTeNbCTBO TIOPTA, YTO €CIIH CYAHY, MPUOBIBIIEMY B COTJIACOBAHHBIE CPOKH, HE OyIeT
MPEIOCTABIICH MPHUYal, TO BCE BPEMs OKUIAHHS MpUYAlia YUUTHIBACTCS MPU PACUETE BBIMOJIHE-
HUSI IOPTOM JIOTOBOPHBIX HOPM 00pabOTKHU CYJIOB;

- CKJIaJICKas IJIOWAAb (OTKPbITasl, 3aKPhITasi), KOTOPYIO CTUBUIOP MPETOCTABUT KIUEHTY IS
XpaHEHUs TPy3a;

- KOJIMYECTBO CYTOK OECIIJIaTHOIO XpaHEHUs M CTaBKa 3a XpaHEHUE (B CYTKH) 3a MOCIEIyIO-
IMA EPUOI.

B npuioxkeHusix (agieHaAyMax) K CTUBHAOPHBIM KOHTPAKTAM OrOBapHBAIOTCH TaKue
yCJa0BHS, KaK:

- OIUIaTa MPOCTOEB IPY3UYMKOB IO BUHE NIEPEBO3UHMKA;

- orutata paboT Opuraj B CBEpXypOUHbIE Yachl, B 00€ICHHBIN NEPEPHIB, a TAKKE B BBIXOIHBIC
Y TIpa3IHUYHbIE THU;

- 6asa tapuda: BecoBas TOHHa, 00bEMHAs TOHHA (KyOOMETp, CTaHAApT | JIp.);

- OJTHO TPY30BOE MECTO (aBTOMAIIIMHA, KOHTSHHED U Ip.);

- IpaBUJIa 0OMepa rpy30BbIX MECT;

- UI3MEHEHHUE pa3Mepa CTaBKU B 3aBUCUMOCTHU OT pa3Mepa MEPEBOAHOIO CPEACTBA (pa3MepoB
CyzHa);

- TOBBIIICHHBIE CTABKH 32 TSHKETOBECHOCTh T'py3a M HAJI0AaBKU 3a JOCTHKEHHE TPAJAUIIMOH-
HOTO Beca M0/IbeMa;

- KpaHOBBIE PACXO/Ibl, €CJIM OHH HE BXOJAT B CTUBHUAOPHYIO CTaBKY;

- 00paboTKa MOMOYCHHBIX, TPSI3HBIX H OOTOPEIIBIX MECT;

- HaKJIaJHbIE PacXojbl — 00bIYHO 5—15 %.
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Bce rpy3sl nenstcst Ha 7 kinaccoB. [1o crmoco6am mepeBO3KHU U Meperpy3Ky pa3indaroT reHe-
paJIbHBIE TPY3bl, MACCOBBIE U OCOOOPEKUMHBIE.

K renepajbHBIM OTHOCSITCSI Pa3JIMYHbIC IITYYHBIC TPY3bl B YIIAKOBKE WK 0€3 Hee, IPUHH-
MaeMbl€ K MEPEBO3KE MO CUETY I'PY30BBIX MECT, B TOM YHCJIE IO pa3MepPaM:

- 00ObIYHbIE, TIMHHOMEPHbIE (JUTMHOM CBBILIE 3 M) U HErabapUTHBIE;

- 110 Macce — JISTKOBECHBIE U TSXKEIOBECHBIE (MACCOM CBBIIIIE 5 T).

MaccoBble rpy3bl IPEICTaBISIIOT COOOM OIpPENEICHHYI0 CTPYKTYPHYIO Maccy, HepeBO3HU-
MYI0 B OOJIBIINX KOJUYECTBaX 0e3 ynakOBKH, B TOM YHCIIe HAJIMBHBIC, HABAJIOUHBIE, JIECHBIE.

Kareroputo 0co00peXuMHBIX IpPy30B COCTABIISIOT: OMACHBIE I'PY3bl, CKOPOIOPTSIIHUECS, KU-
BOH I'Py3 U ChIPbIE )KUBOTHOBOIYECKHE MPOIYKTHI.

TanbMaHcKoe 00c/Iy)KHBaHHe BKJIIOUAET CUET Ipy3a MPH MOTrpy3Ke B TPAHCIIOPTHOE Cpel-
CTBO (B Cy/JHO) U BBITPY3KE M3 TPAHCIIOPTHOTO cpencTBa (U3 cynHa). OOBIYHO, KpOME CUeTa Irpy-
3a, TalbMaHbI BEAYT Pl COIMYTCTBYIOLIUX OMNEpaluii: IPOBEPKY COCTOSHUS I'PY30BBIX MECT, Ka-
YEeCTBO YMaKOBKU, MAapKUPOBKH (COOTBETCTBHE MAapKHPOBKU JAHHBIM T'PY30BBIX JIOKYMEHTOB).
Onn nHGOPMUPYIOT areHTa 000 BCEX MOBPEKICHUIX Ipy3a U APYrux oOHApYKEHHBIX HapyIlIe-
HUSAX U OTCTYIUIEHUSIX OT TPAHCIOPTHBIX YCIOBHUI KOHTPAKTA U IPY30BbIX JOKYMEHTOB.

Tanepmanckue GupMbI TPOU3BOIAT OOMEP TPY30BBIX MECT Ha IpUYajie U CKiaae. B KpymHbIx
3apyOeXKHBIX MOPTaX CYIIECTBYIOT OPraHU3allid TaK Ha3bIBAEMBIX MPUCSKHBIX TATbMaHOB —
«IIPHUCSHKHBIX BECOBIIUKOBY, CUET KOTOPBIX MPUHUMAETCS IPU pa30ope MPEeTeH3Ui 1 NCKOB.

Boinonxnenue TanbMaHCKUX YCIyr OQOpPMIISIETCS KOHTPAKTOM MEXIy IEepEeBO3ZYUKOM U
TaJIbMAaHCKOW (PUPMOH C TIOBPEMEHHOW WIIM CAENBHOW OIaToil (3a paboTy OIHOTO TalibMaHa B
Yyac WM 32 eIMHUILY Tpy3a).

[lo oxoHYaHUM CMEHBI TaJIbMAHCKas PacHUCKa — IPy30BOM JTOKYMEHT C IPUIIOKEHHBIMU K
OTBECaM CKJIa/la MyTEBbIMU JINCTAMU, YIOCTOBEPSIONINI KOJUYECTBO I'Py3a U €r0 COCTOSIHUE MTPU
IIPUEMKE Ha CyJHO WJIM BBITPY3KE C CYyJIHA, — [I€PEAAETCs SKCIEAUTOPCKON IpyIie npuyana s
MOJTOTOBKU TPAHCHOPTHBIX TOKYMEHTOB. CepTu(uKaT BECOBOH, «OTBEC» — TOKYMEHT, IMMOATBEP-
JKJAFOLIMK Maccy rpysa.

I'py3ooTnpaButenu B yCTaHOBJCHHbIE NMPaBUIAMH CPOKM M IO YCTAaHOBJIEHHBIM (opmMam
npencrasisiioT B PAO XK/, a Takxke MUHHCTEPCTBAM PEYHOTO U MOPCKOTO (hJI0Ta KBapTalbHbIE
3as1BKM Ha MEPEBO3KY I'PY30B B YHMBEPCAJIBHBIX KOHTEHHEpPaxX B MPSIMOM CMEIIAHHOM JKEJIE3HO-
JIOPOXKHO-BOJJHOM COOOIIEHUH € pacHpesiesieHHeM o MecsuaM. B 3asBkax yka3bIBaloTCs: HEO00-
XOJIMMO€ KOJIMYECTBO KOHTEHHEPOB, MOJUIEKAIEE TEPEBO3KE KOJIMYECTBO TOHH I'Py3a, CTAHLUU U
JIOpOTHY OTIIPaBJIEHUS U HA3HAYECHMSI.

Konrelinep — MHOrooOOpOTHBIN BHJI Tapbl, IPUCIIOCOOICHHBIN AJIsl IEPEBO3KH Pa3HOOOpa3-
HBIX TPY30B Pa3IMYHBIMU BHJAMH TpaHcropta. PazMepsl koHTeitHEpOB pekomenmoBansl CO
(MexnyHapolHOM OpraHu3auueld mo craHjgapTusauuu). VMcnosb3oBaHue CTaHAAPTHBIX KOHTEMH-
HEPOB, Pa3IMYAIOIINXCS HEMHOTUMHU pa3MepaMu, 00ecreunBaeT B3auMOYBS3KY rabapuToB Irpysa
U 000pyI0BaHUs, COACUCTBYET CTPOUTENBCTBY M 3(P(PEeKTUBHON dKCIUTyaTalluu JOPOTOCTOSIINX
KOHTEHHEPOBO30B SYEUCTOr0 THIIA, CHELUAIM3UPOBAHHOIO JKEJIE3HOJOPOKHOTO IOABUIKHOIO
coCTaBa M NOTIPY30YHO-PA3rPy30UHBIX CPEACTB, & TaKXkKe TOMY, YTOObI MHBECTUIMH 3aBUCEIH
JUIIb OT KOHBIOHKTYPBI PBIHKA.

KonTeltHepbl Tpy3sTCs, BBITPYKAIOTCA U INEPETPYKAIOTCA Ha KOHTEHHEPHBIX TEPMHUHAIAX
CIIEHUAJIHBIMU [IEpErpykaTeasiMUu-NIOpTaliHepaMy I TIOTPY3KH U pasrpy3kd B MOPCKHUX IOpP-
Tax, KpaHaMM KO3J0BOI'O THIIA JUISl MEPETPY3KU C JKEIE3HOMOPOKHOIO TPAHCIOPTa Ha aBTOMO-
OWJIBHBIN W ITA0CTMPOBAHUS TPAHCTEHHEPAMHU.

B cocraBe TepMHHAJIOB, a TaK)KE€ B KPYIHBIX TPAHCIOPTHBIX U IPOMBIIUIEHHBIX y3/1ax JeH-
CTBYIOT CKJIaJbl JUIS 3allOJIHEHUS KOHTEHHEpPOB Ipy3amMH WM pas3rpy3kH, pacOpMUpOBaHUS U
TaMOXXEHHOM OYMCTKH KOHTEHHEPOB, KOTOPbIE HA3bIBAIOT «KOHTEHHEPHBIMU I'DPY30BBIMU ILJIO-
iaJKaMmu», CKIaJaMu JUIsl TAMOKEHHOW OYMCTKH BHE NIOPTA UIIM a3pOIopTa, IUIOLIAJAKHU JUIs Xpa-
HEHUSI KOHTEMHEPOB, UX OTCTOS, BpDEMEHHOI'O CKJIAUPOBAHUS Il JaIbHEUILErO BEIBO3a CAMUMU
MOJIy4JaTeJISIMU ¥ BO3BpaTa MMM MOPOXKHSKA (B pailoHax co cliaboil mHGPACTPYKTYpOil) — BHYT-
pPEHHME KOHTEHHEPHBIE CKIIAJBI.
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OcHoBHast Macca KOHTEHHEPHOT0 MapKa MPUHAIEKUT IEPEBO3UNKAM, IKCIIEIUTOPaM U JIU-
3MHI'OBBIM KOMIIaHUSM, CAIOIIUM KOHTEHHEPHI B apEHIY.

I'py3oBnagenbliaM OpUHAUIEKUT OCHOBHAsI Macca pa3HOIo pojia CHElMaIbHBIX KOHTEHHe-
poB (LMCTEpH AJIl NEPEeBO3KU CHIMYYUX IPY30B, U30TEPMHUUYECKHX pedpHKepaTopoB U T.X.), a
Tak)Ke OOBIYHBIX KOHTEHHEPOB ISl KOHTCHHEPHOU MePEBO3KH IPY30B TPAH3UTOM UYepe3 HECKOJIb-
KO CTpaH.

OC00eHHOCTH AreHTCKOI0 M IKCIEIUTOPCKOro 00CIy;KMBAHUS

Konrelinepuzanus nepeBo3ok npuBesa K KOHLEHTPALUU areHTCKOro 00CIyKUBaHHsL. ATEHT
OKazajcsl mepej; HEOOXOAMMOCTBIO YETKOM OpraHM3allid BCEX OCHOBHBIX M BCIIOMOIAaTEIbHBIX
onepauuii 1 000pyI0BaHUs HAa TEPMUHAJIAX M BHYTPEHHUX JEMO, NePEABHKEHHS 10 TEPPUTOPUU
OT CKJIaJla OTIPABUTEINS /10 CKJIaJa Moiydaress, o0ecredeHus OTIpaBUTeNel MOPOKHUMU KOH-
TeiiHepaMH B COOTBETCTBUM C 00bEMaMU I'PYy30B, MPEIbIBIAEMBIX K IEPEBO3KE KaXKIbIM OT/IE]b-
HBIM OTIIPABUTENIEM, CBOEBPEMEHHOHN ClIauM M3 apeHAbl KOHTEHHEPOB IMOCIe UX OCBOOOKICHUS,
HOJ/IepP’KaHUs TOCTOSIHHOTO 3araca KOHTEHHEpOB Ha CKJIa/Jax KPYIHOW KIMEHTYpbI, rie Gpopmu-
PYIOTCS TPY30BbIE ApTHUH.

AreHT o0ecrieunBaeT MPUEMKY-cauy KaXI0W €IHHUIBI 000pyIOBaHHUS OT TPAHCIIOPTHOTO
cpeacTBa (Cy/aHa, XKEJIE3HOJOPONKHOI0 TEPMUHANIA U T.J.) K MHOTOYMCICHHBIM TPETHUM JIMLIAM
(CTUBHUIIOPHBIM, aBTOTPAHCIIOPTHBIM, KEJIE3HOAOPOKHBIM KOMITAHUSAM U JIp.).

ATEHTBI COCTaBIISAIOT OTYETHOCTD, KOTOpasi MO3BOJIIET IEPEBO3UNKY ITOCTOSSHHO UMETh IIPe.i-
CTaBJICHHUE O IOJIOKEHUU ¢ 00OpYy/JOBaHUEM Ha JIMHHUH, ONPEENATh KOHIEHTpALM0 000pya0Ba-
HUS B KQXKJIOM TPAHCIIOPTHOM IYHKTE (TOPTY), IPOTHO3UPOBATH NOTPEOHOCTh M HAJIMUUE 000pY-
JOBaHUS, UMETh HH(OPMAIIMIO O HAJTMYUH HEUCTIPABHOTO 000PYI0BAHUSI.

ATeHT opraHusyer 4HCTKY, MOHKY, He3uH(EeKIuio, (GyMmuranuio oOOpyIOBaHUS, CMA3Ky
11accH, 3aMEHY M PEMOHT CKaTOB, ra0apUTHBIX OTHEH, TOPMO3HOI'O YCTPOWCTBA, PEMOHT KOHCT-
PYKTHBHBIX MOBPEXKIEHUN KOHTEHHEPOB, TPEHIEpOB U Apyroro odopyoBaHus. Becema BaxHOMH
(dyHKIMEH areHTa sSBJsIeTCsl yCTaHOBJICHHE BUHOBHUKOB TTOJIOMKH 000pyAoBanus. st 3To# nenn
BCSIKOE M3MEHEHUE cTaTyca 000pyA0BaHUs (BBIBO3 €r0 C TEPPUTOPUH MOPTA, KOHTEHHEPHOTO Jie-
10, IPUHATHE HA TEPMUHAI U T.1.) GUKCUPYETCS MPUEMO-CIATOYHOMN PACTIMCKOIA.

B kauectBe 3kcnenTopa rpy30Biiaienbla OH 00s13aH KOHTPOJIMPOBATh MPOLIECC YKIAIKH Ipy-
3a B KOHTEHHEPHI, C TEM YTOOBI 00ECTIEYNTh COXPaHHOCTh KaK Irpy3a, TAK U CaMOro KOHTEeHWHepa.

IIpu 3TOM PYKOBOACTBYHOTCS CJIeIYIONIUMHU NPABHJIAMHU 3arpy3KHU KOHTeliHepa:

- pacnpenensTh Bec rpy3a paBHOMEPHO 10 BCEMY IOy KOHTEIHepa;

- KJIaCTh TSDKEJIbIE MTPEIMEThI Ha JHO KOHTEMHEpa, JIETKUE — Ha HUX CBEPXY;

- 3aIOJIHATH MPOKJIAJ0YHBIMU MaTepraJaMi CBOOOJIHOE MPOCTPAHCTBO (KIIPOCBET») MEKIY
I'py30M U CTEHaMH KOHTEWHEpa;

- HAKJICMBATbH CIIELMAJIbHBIE ITUKETKU JJI1 MapKUPOBKM KOHTEWHEPOB, 3arpyKEHHBIX OIac-
HBIMU I'py3aMu;

- obecrieunBaTh PacroiIOKEeHUE LEHTpa TSHKECTH Ipy3a KaKk MOXKHO OJIMKe K LIEHTPY KOH-
TeiiHepa, B IPOTHBHOM cily4ae HH(POPMHPOBATH 00 3TOM MEPEBO3UHKA;

- IPU 3arpy3Ke NPHUIEP)KUBATHCA NPEIENIOB IPY30NOABEMHOCTH KOHTEWHEpa M Tpeiepa
(HMKOTa UX HE MEepPerpyXkKaTh);

- 3aKpBIBATh U 3aIIUPATh JBEPU KOHTEHHEPA, OCTOPOKHO HATATMBATh TEHT KPBILLN;

- HQJIO)KUTH TIOMOY yCTaHOBJICHHOTO 00pa3ia.

Ha xaxnpiii koHTelHep H0/bKHA OBITh HaBelIeHa Oupka ((dhanepHas jgoieyuka pazmepom 8x12
CM) C YeTKUM 00O3HAYCHHEM Ha Hel: HAMMEHOBAHHUS CTAHLMHU U JOPOTH WM MOpTa (IPUCTAHH) U
[IapOXOJCTBA HA3HAYEHNUS, HAMMEHOBAHUS I10JIy4aTelIs rpy3a COrIacHO HaKIaIHOM.

IlepeBo34uKH, KaK NMPaBWJIO, TPEOYIOT Mepeaayd BMecCTe ¢ KOHTeHHepPOM CJieIyHIuxX
AOKYMEHTOB:

- IJIaH pa3MELLIEHNs Ipy3a B KaKJIOM KOHTEHHEDE;

- IepeueHb KOHTEHHEPOB C OIIACHBIMM I'Py3aMU C YKa3aHHUEM IO KaKIOMY KOHTeHHepy (ak-
TUYECKOTO OTHPABUTEINIS U IMONy4yaTess, spjblka OMAaCHOCTH, KJIAacCU(pHUKAIMU Ipy3a, ero Beca
HETTO;
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- MepeyeHb peQprKEPaTOPHBIX KOHTEHHEPOB C yKa3aHHEM IO KaXJIOMy KOHTEHHEpYy ero
HOMepa, THUIIa, pa3Mepa, TpedyeMoil TeMiiepaTypsl, Beca OpyTTo.

Kak mpaBuito, mpu KOHTEHHEPHBIX MEPEBO3KAX TPY300TIPABUTEIND WIIH €r0 IKCIETUTOP 00sI-
3aH caM COCTaBUThH IEPEBO30YHBINA JTOKYMEHT YCTAHOBJICHHOH (hOpMBI, MPEeIyCMOTPEHHBIM Ha
JTAHHOM BHJIE TpaHCIOpTa (HAKJIaaHasl, KOHOCAMEHT, TOBapHO-TPAHCIIOPTHAS HakiIagHas). B me-
PEBO30YHOM JOKYMEHTE YKa3bIBaIOTCSI HOMEp KOHTEWMHepa, ero THII U Macca COrJIacHO Tpadape-
Ty, HAIMEHOBAHHUE TPy3a, €r0 Macca HETTO, OTTUCKH TIOMO.

[T10MOBI OTIIPaBUTENS TOMKHBI UMETh CIEAYIONIME 3HAKU: HAUMEHOBAHHUE TPY300TIpaBUTE-
JI5l, HANMEHOBAHWE CTAHIIWM, COKPAIIEHHOC HAUMEHOBAaHUE JOPOTH, KOHTPOJbHBIE 3HAKH. [lmoM-
0a HaBelIMBAeTCs Ha pydYKe 3aMKa KOHTEWHepa, KOTopas 3aKperisieTcsl 3aKpYTKOW U3 MATKOM
MIPOBOJIOKU TOJIIIUHOMN 2 MM.

I'py3ooTmpaBuTens HeceT OTBETCTBEHHOCTH 3a MPABWJIBHOCTh CBEIEHUI, CONEpKalINXCs B
Ipy30BOM JIOKYMEHTE.

OcobennocTu TapuoB Ha NepeBO3KH IPy30B B KOHTelHepax

Konrelinep npepocTaBnsieTcs, KaK MPaBUiIo, TPy30BIAACIbIy OSCIUIaTHO, XPAaHUTCS HA Tep-
MUHAaJIe TOXe OecIIaTHO WK OECIIaTHO, HO TOJIBKO B T€YEHHE 5 pabouux JHEH ¢ HaYMCIEHUEM
3ateM mTpada 3a MociIeayroNnue THH HeBbIB03a. CTPOro HaKa3bIBAIOTCS 33JEPKKU KOHTEHHEpa
KIMEHTYPOW MOJ| 3arpy3Koi WM pa3rpy3Koil ¢ MpUMEHEHHeM IITpadHbIX CAaHKIUN C mporpec-
CUBHOW IIKajoi (10 BpeMEeHH 3aJIepKKH). Ps TpancnopTHBIX TapudoB 3aaepxKy Oosee 20 cy-
TOK KJIACCUPUIUPYIOT yKe Kak rudeb KOHTeHepa ¢ B3bICKAHUEM C BUHOBHOM CTOPOHBI TMOJTHON
WJIM MHOTOKPATHOM €r0 CTOMMOCTH.

Bo3Bpar nopoxHUX KOHTEHHEPOB OCYIIECTBIIsIETCS OECIIaTHO WM 0 MOHM)KEHHOMY Tapu-
by (50 % TapudHOI CTaBKM NPH CICTOBAHUH C TPY30M).
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Cexnus 5. UH’KEHEPHBIE TUCHUITVINHBI

VJIK 744

A.A. BopoObeBa, K.C. Illatbko, I1.A. AHnproxuHa
OI'AOY BO «/IB®Y», BmaguBoctok, Poccust
Hayunslii pyxoBoautens — E.B. I'puropsesa, kaHa. TeXH. HayK, TOLEHT
OI'bOY BO «/lanbpsioBTy3», BiaguBoctok, Poccus

NHCTPYMEHTDBI, MATEPHUAJIbBI U IPUEMbBI YEPYEHMUS — BUEPA U CEI'OJIHA

Ipocnexcusaemces nymov pasgumusi UHIHCEHEPHOU 2paAQuKy OMm NPUMEPHO20 PUCYHKA Yel08eKOM Hd
3emiie 00 4emKo2o uzobpaxdcenus npeomema Ha dKpane Komnviomepa. llokazano, Kakue uHCmpymeHmel,
Mamepuanvl, npeoMemsl UCOIb308ANUCH 8 OPEGHUE BPEMEHA U YMO Mbl UCHOIb3YeM 8 HACMOoAuee 8peMs.

BBenenue

Yeprexu ABISIIOTCS OCHOBHBIMU KOHCTPYKTOPCKMMHM JIOKYMEHTaMH. B oTaenbHOCTH WK B
COYETAHUU C APYTUMH IpapUUECKUMH U TEKCTOBBIMHU JOKYMEHTAMHU OHHU ONPEACISIOT YCTPOICT-
BO U3ICIIUA U co;[epncaT, KakK HpaBI/IJIO, BCC OJAaHHBIC, HGO6XOI[I/IMLIG JUIA pa3pa60TKH " U3roToB-
JICHUS I/IBILGJII/Iﬁ, a TaK¥XKeE IJId Ux KOHTpOJIH, HpI/IGMKI/I, BKCHJIyaTaIII/II/I nu peMOHTa. ‘-IepTem/I ABJIA-
I0TCSI BOKHEHIITM CPEICTBOM, CIIOCOOCTBYIOIIUM TEXHUYECKOMY mporpeccy. CoBpeMeHHbIE Yep-
TEXU U MPOLIECC UX BBINOJIHEHUS MOCTOSTHHO coBepieHCcTByeTcd. C pa3BUTHEM TEXHHKH, C MOSIB-
JIEHUEM KOMIIBIOTEPOB TPy UYEpPTEKHUKA KapAuHaIbHO M3MeHwics. [loMeHsnocs Bce, Kpome
3aJI0O’KCHHBIX B IlpeBHOCTI/I KaHOHOB O(l)OpMJIeHI/IH qepTexca. B HACTOALICC BpeMﬂ Ha‘-IepTaTCHLHaH
FCOMeTpI/Iﬂ HpOI[OJDKaeT paSBI/IBaTI)CFI KakK HaYKa BO MHOT'UX HaHpaBﬂeHI/IﬂX 6I)ICTpI)IMI/I TCMIIaAMU.
AKTyabHOCTh pa0OThI 3aKJII0YAETCS B TOM, YTOObI MU3YYUTh HHCTPYMEHTBI, MaT€pHAIIbl U IIpUE-
MBI YEPUYCHHUSI B IPEBHOCTH M B HACTOSIIEM, YTOOBI B3SITh NMIPABUILHO COPHUEHTHPOBATHCS B J1aJb-
HEWIIEM Pa3BUTHH.

Lenp paGoThl: MPOCIEINUTh Pa3BUTHE HHCTPYMEHTOB, MaTEPHAIIOB U IPUEMOB YepUueHUs. 3a-
Jaaya: I/13y‘-II/ITI> I/IHCprMeHTBI, MaTepI/IaHLI 148 HpI/IeMBI qepqumI, nux I/ICTOPI/IIO.

HHcTpyMeHThI

WNHcTpyMeHTB! UrparoT OOJIBLIYIO posib NMpHU padoTe Hal depTeskoM. OT KadyecTBa U COBEp-
IIEHCTBA MHCTPYMEHTA 3aBUCHUT UTOI paboThl. OueHb BaXXKHO BHIOpAaTh MPAaBUIIBHBIN U XOPOIIUI
MHCTPYMEHT U1 IOCTPOSHUSI YepTerKa.

Kapanoaw. Victopus kapanjama Havyajgach ¢ u3ooperenus rpadura. [lucars wim pucoBath
UM OBLIO HEYJIOOHO, MMOTOMY YTO OH ObUT MATKUM M XpynkuM. CHaudasa rpaduT BCTaBIISLUIA B Me-
Tajmueckue Tpyoku. O6maunte rpadur B nepeBo poramaics B 1795 r. ¢paHiy3ckuil Xumuk
Huxons-XKak Konte. I'padut on cmemran ¢ rimmHoi, 00xkeEr B neun. [locae 3Toro orpesan TOHKYIO
MIOJIOCKY, KOTOPYIO ceiyac Ha3bIBalOT TpUQeseM, U BCTaBWI B JAEPEBIHHYIO TpyOouky. Tak ObL1
cenaH nepsbiil kapanaam. OH UIpaeT BaXKHYIO POJIb B BBINOJIHEHUH YepTeKel, MOCKOIbKY Ka-
4eCTBO IpaduuecKkoro n300pa’keHusl 3aBUCUT OT IPAaBUIIBHOTO BbIOOpa Mx TBepaocTd. Hauamno
XX B. 03HAMEHOBAJIOCh MHOTUMH OTKPBITHSIMU B 00JIaCTH cO37aHus Kapanaamei. Tak, B Poccun
B 1913 r. 'mHzmenbMaH 3amaTeHTOBaJl CBOM MEXaHMYECKHH KapaHpaaul, rpudenb KOTOporo JIBU-
rajcs ¢ MOMONIBIO TalKU B METAJUIMYECKOM KaHase. Yepe3 Tpu roja sanoHen XaskaBa U3roTOBUII
MEXaHUYECKUH KapaHJall B TAKOM BHJIE, KAKUM MBI €T0 3HaeM ceifuac. 3a BpeMsi HCTOPUH CyIle-
CTBOBAHUS KapaHJallla IIOCTOSHHO COBEPIIEHCTBOBAIACH U €ro 000s104Ka. Tak, 4ToObl OH HE CKa-
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TBIBAJICS CO CTOJIA, (POPMY €TO0 CIIeNIaIH MECTUTPAaHHOM. 3aTeM B BEpXHHUI KOHEI] TOMECTHIIH JIac-
Tuk. [locne n3o0pereHus miactmacchl Hallach 10CTOMHas 3aMeHa apeBecuHe. Co3gaHue Mexa-
HUYECKOTO KapaH/alia B METAUTMYECKOH 000JI0UKe 3aBEpIIIIIO ero 00K [ 1].

CrupatenbHasi pe3MHKa (JaCTUK) UCIOJIB3YeTCs sl YJalleHHs HEHY>KHBIX H300pa’keHHi,
Hajamucel. JIacTUK ToKeH OBITh MSTKUM U UIMETh OCTpble Kpasi. OCTpbIM KpaeM yJI00HO yJalsiTh
JMHUM, HE 3aTparuBas coceqHue. B mcTopun nacTvka NpUpOAHBIM KaydyyK J0Jroe BpeMs OblLI
€IMHCTBEHHBIM MaTEpUajOM, U3 KOTOPOTO €ro U3roTaBiuBald. [[nuinoch 3TO BIUIOTH O Cepeu-
Hbl XX B., KOI'JIa U300pesid CUHTETUYECKUH KaydyK. B 1eBsIHOCTbIE TO/bl JTACTUKU CTAJIU J€J1aTh
n3 1IBX u gpyrux nommmepos. M3 dero caeinaH COBPEMEHHBIN JIACTUK, MOKHO OIPEIEIUTh I10
ero usery. KpacHo-cuHue uinm cepble NPOU3BOAATCS U3 HAaTYPaJIbHOIO KaydyKa, OHH OYEHb dJja-
CTHYHBI, MOTYT CKPY4YHMBAThCSl M PaCTATUBATHCA, HE JAe(OPMUPYSCH TPU 3TOM, HO BOT CTHPAIOT
KapaHJallHbIe TMHUM HE COBCEM UUCTO. bemble nny pa3HOLBETHBIE JIACTUKY U3TOTABIMBAIOTCS U3
CHUHTETHUYECKUX TOJIMMEPOB, UMEIOT XOPOUIYI0 a0pa3sWBHOCTh W MPUATHBI Ha omrynb. OmHAKO
IIPOLIECC UX MPOU3BOJCTBA BECbMA TPYAOEMOK, U €TI0 HapyIIEHHUE IPUBOAUT K MOIYUYEHUIO Majo-
IIPUTOJIHBIX U1 CTUPAHUS JACTUKOB [2].

Lupkyne. Ceituac yxe Hellb3sl CKa3aTh, KTO UMEHHO M300pe TOT MHCTPYMEHT — UCTOPUS HE
COXpaHWIIa JUIA Hac UMs u300peTraTens, Ho Jerenas! [peBneil ['perun npunuceBaroT aBTOPCTBO
Tanocy. McTopust IUpKyJIsl HACUUTHIBAET YXKE HECKOJIBKO THICSY JIET , CyZs 110 COXPAaHUBLIMMCS
HAuepUYEHHBIM Kpyram, HHCTpyMEHT OblT 3HaKoM emie Bo II-I BB. 10 H. 3. Bo BpeMst packomok B
[Tommesix ObUTIO HaliIEHO MHOTO IPEBHEPUMCKUX OpoH30BbIX HUpKyJel. Ilpu packonkax B Hos-
ropojie ObUI HalJIEeH CTAJIbHOM LIMPKYJIb-pe3el] AJIsl HAHECEHHs] OPHAMEHTA U3 MEJKUX IPaBUJIb-
HBIX KPY>KOUKOB, OYEHb pacnpocTpaHeHHbIH B [IpeBHell Pycu. Mo)xHO ObUIO TOCTPOUTH OKPYX-
HOCTh U 00JIee MPUMHUTHUBHBIM CIIOCOOOM C ITOMOIIIBIO BEPEBKH U JIBYX KOJBIIIKOB. OMH KOJIBI-
IIeK BOMBAIM B 3€MJIIO, OH MIpaj pojib LIEHTPA, a JAPYI'MM, HATATUBas BEpEBKY, MPOBOAMIMN OK-
PY>KHOCTb. DTOT CIIOCOO BbIYEPUMBAHUS OKPY>KHOCTHU Ha 3€MJIE MOKHO MCIOJIb30BaTh U ceryac.
Co BpeMEeHEM KOHCTPYKLMS LUPKYJIA NMPAKTUYECKU HE M3MEHMIIACh, HO €My IPHUIyMalld Maccy
Haca/l0K, TaK YTO TEIEPb OH MOXKET BblUEPUMBATh OKPY’KHOCTH OT 2 MM 10 60 cM, Kpome TOro,
0OBIYHBIN TpadUTHBIN Trpudens MOXKHO 3aMEHUTh HAcaJKoW ¢ percdenepom st YepueHUs Ty-
1b10. ECTh HECKOJIBKO OCHOBHBIX TUIIOB LIMPKYJICH: pa3METOUYHBIN UIIU JEIUTEIbHBIA — €70 IIPU-
MEHSIOT JUIsl CHATHS M IIEPEHECEHUs TMHEUHBIX pa3MEpPOB; YEPTEKHBIN WIH KPYTOBOM — €TI0 IIPHU-
MEHSIOT I BblUEpUMBAHMS OKpY)KHOCTEW auameTpoM 10 300 MM; 4EpTEKHBIM KpOHIUPKYJIb
JUUI. BBIYEPUYMBAHUA OKPYKHOCTEH OT 2 10 80 MM B JuaMeTpe; YEPTEKHbIN ITAHMCHIIUPKYJIb —
JUIS BBIYEPUMBAHMS OKPYXHOCTeH nuamerpom Oosbiie 300 MM; IpOMOPUUOHATIBHBIN — I W3-
MEHEHHsI MacITaboB CHUMaeMoro pasmepa [3].

Jlunetixa. Jloka3aTelIbCTBOM CYLIECTBOBAHUS JIMHEMKHU €Ill€ B JPEBHHE BPEMEHA CTAJO €€
HaxOXKJIEHWE Ha pacKolkax Ha Tepputopuu npeBHer [lommen. OnHa mpexactaBisuia coboi Tia-
TEJIBHO OTCTPYTIaHHYIO JoIeuKy. [To3:xe Bo MHOruX ctpanax EBpoOIbI TMHEWKH UMENH HECKOJIb-
KO MHOM BUJ. DTO OBLIM JK€JIE3HbIE NPYThs — «MIbLay. CHavasna (QpaHIly3CKUMHU aKaJeMUKaMu
ObUIO M3TOTOBJICHO JIBE JUHEHKU. OHM OBLIN ClIeNaHbl U3 IIATUHBI U UMENH JUIMHY 1 M, a mupu-
Hy — 25 MM. [To3xe Ha4yaaoCh N3roTOBJIEHHUE JIMHEEK U3 J€PeBa, HO OHU ObUIN JOCTYIIHBI TOJIBKO
y4eHbIM. [IoTOM NMHENKH HaYaau IpOU3BOAUTS I CTyAeHTOB. Tonbko ¢ Havana XIX B. 3Ta 1no-
Jie3Has Belllb Hadaja BXOAUTh B oOuxon mkos. Celyac JIMHEMKH NPOU3BOIAT U3 MJIACTMACCHI:
3TO OYeHb yJ100HO U Hegoporo. JInHelka-peiiciinaa — 3To 4YepTEKHas TUHEHKa U1 TPOBEACHUS
napauieIbHbIX JTUHUH [4].

Yeonvuux. VI3BecTeH ¢ TiyOOKON APEBHOCTH, HCIIONIB30BAJCS B pabOTe KaMEHIIMKOB U
IUIOTHUKOB ¥ BMECTE C UPKYJIEM SIBJISJICS OHUM M3 CUMBOJIOB X paOOThI. YTOIBHUK U JINHEHKA
SBIISIOTCS aTpuOyTaMu anocroiia @OMbI, CUMTAIOIIETOCS TOKPOBUTEIEM cTpouTeneil. B xynoxe-
CTBEHHBIX OJIMLETBOPEHUAX CEMU CBOOOHBIX UCKYCCTB YTOJIBHUK HUCIOIB30BAJICS AJIS Nepeaadn
oOpa3a reoMeTpuu Wiu apudmeTuku. Panblle yroibHUK Aeaiy U3 JAepeBa, B HACTOSAIIEE BpeMs
— M3 IUIACTMACCHI, B OCTAJILHOM IIPOU3BOJCTBO YTOJIBHUKOB HE M3MEHWIIACh. JIekano — ToHkas
IUTACTUHKA C KPUBOJIMHEWHBIMU KPOMKaMH, CIIy’Kalllast sl BBIYEPUUBAHUS KPUBBIX JIMHUH, KOTO-
pBIE HENb3S IPOBECTHU C MIOMOIIBIO HUPKYJIS.
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Tpancnopmup — MHCTPYMEHT JUIsl IOCTPOEHUSI U U3MEPEHUS YIIIOB. TpaHCIOPTUP COCTOUT
U3 JTUHEHKU (MPSAMONMHEHHON IIKambl) U MOJYKpyra (yriaoMepHOW IIKaibl), pa3aeJ€HHOTO Ha
rpagycel oT 0 1o 180°. B HekoTopeix Mozensx — oT 0 go 360°. TpaHcnOpTHp U3BECTEH C APEBHUX
BpeMEH. [IpeanonoxkuTenbHo TpaHCIOpTHp U300penu B ApeBHeM Basuione. [Ipeamnonarator, 4ro
3TO OBUIO CBSI3aHO C CO3JaHMEM IEpPBOro KajleHaaps. JpeBHHE MaTeMaTUKU HapuUCOBaIHU KPYyr U
pa3lienuiIN €ro Ha CTOJIBKO YacTel, CKOJbKO IHeW B roay. Ho onu mymanu, yto B rogy He 365
wm 366, a 360 mHEH, Mo3TOMY KpyT, 0003HAYAIOMINK TOA, OHH pa3aemwin Ha 360 paBHBIX dac-
Teil. Takoe n300paXkeHue ObLIIO OYEHB MOJIE3HBIM, HA HEM MOXKHO OBLTIO OTMEUYaTh KaXK[IbIi MPO-
HIeAIUN 1€Hb, U BUJETh, CKOJIBKO JHEH OCTajaoch 10 KOHILA roja. Kaxaoi yactu nanu Ha3Ba-
HUe — rpajyc. ['pagycHas Mepa coxpaHuiaach U 10 HauX [5].

MbI coBepILIEHCTBOBAIM HHCTPYMEHTBI BEKaMH, M ceyac Hau€pTUTh YEPTEXK MOKHO HAMHO-
ro ObICTpee, YeM y HAIllUX MPEAKOB.

MatepuaJbl

bymaea. B npeBHHE BpeMeHa YepTeXH BBIYCPUUBAIKICH HA 3€MJIE B TOM MECTE, I/ie He00XO-
IUMO ObUIO BeCTU CTPOUTENhCTBO. CO BpEeMEHEM IUIaHBI CTAJIM BBINOJHATHCS B YMEHBIICHHOM
BUJIC HA JIepeBe, XOJICTE, IIepraMeHTe, KaMHe, TIMHIHBIX TuMTax U rnp. Celdyac MBI UCTIOIB3YyeM
OyMmary, 5T0 camblii yIOOHBIA MaTepHall, Ha KOTOPOM MOKHO BBITIOJIHUTH Ipadpuueckue u Tek-
CTOBBIE KOHCTPYKTOpPCKHME JOKYMeHTBI. bymary Bnepsblie cramu aenarb B Kurtae Bo II B. H.D.
ChIpbeM U1 ee U3roTOBJICHUs OblTK cTebnn 6amOyka u my0 menkoBuuHOTro aepena. «Kmaccuye-
ckasi» Oymara c rpokJieiikoi B macce co3nana Laii JIynem B 105 r. H.3. [locne nzobperenus Llai
Jlyns mpornecc mpou3BoAcTBa Oymaru ctain OBICTPO COBEPIICHCTBOBATHCS. J[Isi MOBBILICHUS
IPOYHOCTH CTaJIH JOOABIISATH Kpaxmall, KJIed, ecTecTBeHHbIe KpacuTenu u T.a. Ceifuac mist yep-
YEeHHsI UCTIONIb3YIOT IJIOTHYIO OeNyr0 HEMMHOBaHHYI0 Oymary. UepTeskHble BUIbI OyMaru JOKHbI
OTJIMYATHCS XOpOLIEH MOKJIEHKOHN, MPOYHOCTHIO, INIOTHOCTBIO U Oenu3Hoi. Boicime copra uep-
TEXHOW OyMaru 1o TpaJulMKi HA3bIBAIOT BaTMaHOM. KauecTBO yeprexa BO MHOTOM 3aBUCHUT OT
KadyectBa Oymaru. B Hacrosimee Bpemsl NpuUMEHsIETCs 4yepTeXHas Oymara BBICHIETO KadyecTBa
Mapku B u 6ymara mapku O (0OBIKHOBEHHAsI), KOTOpas UMeeT 00Jiee HU3KHUE YePTEKHBIC CBOWCT-
Ba. B 3aBUCHMMOCTH OT Ha3HAUCHUS U CPOKA XPAHCHUS YEPTEKHU MOTYT BHITIONHATH HA YEPTEIKHOM
Oymare, KaJlbke, MIULTAMETPOBOM Oymare, nmucueid Oymare B KJIETKY [6].

Tywb — 3TO IPOYHAsE KPAacKa, B KOTOPOI KpacsIIMM BELIECTBOM SIBJISIETCS Caka WM pa3jiny-
Hble KaMEHHOYTOJIbHbIe KpacuTenu. Tyuib ObIBa€T 4epHOTO, 3€J€HOr0, KOPUUYHEBOIO U APYTUX
1BETOB. TyIIb MPUMEHSETCS B TONOrpauuecKoM YepUCHUH, OUYeHb IIMPOKO M UCIIOJIb3YyeTCs Ha
3aKITIOYUTENHHON cTaIuu 0(OPMIICHUS YEPTEKEH U OPUTUHATIOB KapT [6].

JlJis BEIYEpUMBAHUS OPUTHHAIIOB KapT MPUMEHSIETCS TYIIb B )KUJIKOM BUJE — BO ()JIaKOHAX,
MOJTY>KUJIKOM — B TEOOMKaX M CyXoM — B BHJIe najouek. JKuakas Tyuib y1ooHa B paboTe, 0JlHaKO
OHa M3rOTOBJICHA HA CIIUPTOBOW OCHOBE, TO3TOMY OBICTPO COXHET, IUIOXO CXOAMT C YEPTEKHOIO
WHCTPYMEHTA, ITy00KO IPOHUKAET B OyMary | JlaeT HeKaueCTBEeHHbIC JTUHUU [6].

IIpuemMbl yepuyeHus

TexHuKH IPEeBHOCTH CTPEMUIIMCH TIOKA3aTh B UEPTEKE TE€OMETPUUECKYIO (hopMy U pasmep co-
OpY>KeHHsl, @ 4TOObI BBIIOJIHUTH ATY 3a/lauy, CO3/1aBajld CBOCOOpa3Hble MPHUEMbl rpapUUecKuX Mo-
cTpoeHuil. ['paduueckuii moka3 apXuTeKTypbl Ha IJIOCKOCTH XapaKTEePeH JJIs JPEeBHEETUIeTCKO-
r0 UCKYCCTBa, KOTOPOE, OCHOBBIBASICh HA CBOMX KaHOHAX, CJIEAOBAJIO MPHUHIIMITY OPTOTOHAIBHBIX
npoekiuii. FI3BecTHO, YTO Ha 3TOM OCHOBE BBIPAOOTaHHBIE MPHEMBI UCIIOJIL30BATIMChH, HAIIPUMED, B
dbopme HaHECEHHsI PSMOYTOJIbHBIX CETOK, MO3BOJISBIIUX YIOPAJOYMBATh U pa3MeydaTh IIaHUPOB-
Ky, IEPEHOCHTH KOH(pUTYpaIuu, MOIYJIU U IPUMEHSATH MIpaBuiia reoMeTprun. B n3o00pakeHusx Ha
IJIOCKOCTH M3HAYAJIBHO CIIOXKWIMCH JBa MOAX0/A IIPEACTABICHUS: IJIACTUYECKNN, C BBISIBICHUEM
00BEMHOCTH, 1 CXEMATHUYECKHIA, C BBISIBIICHHEM O0BEKTUBHBIX KauyecTB oOpasa [7].

I'paduueckue nmpuemsr yeprexeit XVI-XVII BB. 0TUETINBO MOKA3bIBAIOT, KAK HACTONYHBO
CTPEMHIIIUCH TEXHUKHU 310XH CpeHEeBEKOBbs PELIUTh 334a4y M300paxeHuss 00beMHOro MmpeamMe-
Ta, UMEIOILETO TPU U3MEPEHMUS: JJIMHY, IIUPUHY, BBICOTY, — HA INIOCKOCTH, Y KOTOPOH TOJIBKO J1Ba
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U3MEpeHus — JuInHa U mupuHa. HykeH Obl1 Takoil uepTex, Ha KOTOPOM HE MCKaXKaJuCh ObI JIH-
HEiHbIe pa3Mepsbl, yIibl U reoMerpudeckas Gopma. Ha MHOruX ueprexax 3TOro BpeMEHU HpHU-
MEHSUTUCh CAMOOBITHBIE TEOMETPUIECKHE ITOCTPOSHUS], OCHOBOM KOTOPBIX SBJISETCS IUIAH COOPY-
xeHud. Ecam 3To OblI MJIaH MECTHOCTH, FOpOJa WK JIBOPa, TO MOKAa3bIBAJIOCh TOYHOE PACIIOJIO-
JKEHUE 3/1aHuM, a BUJ UX JaBaJCs HE CBEpPXY, a cOOKy wiu cnepeau. Eciu jxe cocraBisics yep-
TEX CaMOI'0 COOpY’KEHHsI, TO COBMEIIAJIUCh HA OAHOM BHJE ero IuiaH u (acaxa. s Hac 3TH
IIPUEMbI OUYE€Hb UHTEPECHBI TEM, UTO B HUX 3aJI0’)KEHO HA4YaJI0 TOYHOTO MPOEKIIMOHHOTO YepTekKa.
['paduxam TOro BpeMeHHU OCTaBajOCh CAENaTh TOJBKO €I1e OJUH IIar: pa3beIuHUTh COBMEIICH-
HbI€ MPOEKIUU U HAYEPTUTh UX KaXKAYIO OTIEJIbHO, YTOOBI MOJYYUTh YEPTEXK B MPOCKLUAX Ha
JIB€ B3aMMHO IEpIeHAUKYIIpHble m1ockocTd. B Hauane XVII cronetus nosBuiMch nepBble Me-
TaJUTypru4ecKie 3aBO/Ibl, BBIMOJIHSIONINE IPAaBUTEILCTBEHHBIE 3aKa3bl Ha MyIHIKU U a1apa. U3ne-
JMsl CHayasla 3aKas3blBAJIMCh U NMPUHMMAIMCh HE IO YepTexam, a Mo obpaszlaM-MOAENsIM, HO B
koH1e X VII B. 00pa31ipl cTanm 3aMeHSIThCS PA00YUMHU YepTEKaMH, KOTOPBIE HAO0ITO COXPAHMITU
Ha3BaHUe «OyMaXkHbIX 00pa3loBy». Ha MHOIMX CTpOMTEIbHBIX YepTekaxX CTAaBUIIUCh YUCIIOBBIE
pa3mepbl; MaciTad eiie He BhIAepKuBacs [7].

Havano XVIII cronerus 03HaMeHOBAJIOCH MACCOBBIM CTPOUTENHCTBOM (prioTa. M TyT motpe-
OoBaJICSl TOYHBIM, MOCTPOCHHBIM B CTPOTOM MaciuiTabe 4epTex, Ha KOTOPOM MOXKHO OBLIO OB
n300pa3uTh ABOSKOBBITYKIIbII KOPIyC KOpaOiis U MPOBEPUTH IUIABHOCTh €r0 KOHTYPOB. JTa 3a-
Jnava Oblaa Onectsuie pemeHa. B MopckoMm apxuBe Mbl HaXOAMM OOJIBIIOE KOJMYECTBO KOpa-
OenpHBIX uepTexxkel 1686—1751 rr., BBIMOTHEHHBIX KOpaOeIbHBIMU MacTepaMu M UX MOAPYYHBI-
MU. DTH YePTEKHU — 00pa3Ilbl COBEPUICHCTBA B TEXHUUECKOW rpaduke. Mbl BUIUM YyXKe MPOSKIUH
HE Ha JIBE, a Ha TPM B3aUMHO NEPIEHAUKYJISIPHbIE IIOCKOCTU: BHUJ CHEPEAM, BUJ CBEPXY, BHU[
cOOKy; TakoW MpHeM JaBaJl MOJIHYI BO3MOXHOCTH IOKa3aTh HA TUIOCKOCTH B T€OMETPUYECKON
CBSI3U BCE€ TPU U3MEpEHUs NpeaMeTa: JUIMHY, upuHy U Beicoty. B XVIII B. yepTexu BbINOIHSA-
JIUCh OYEHb TILATENIBbHO, [IBETHON TYIIBIO U 3aT€M HUCKYCHO pacKpallMBaJIUCh 1Ji1 0003HAYEHUS
pa3IMYHbIX MaTepUasoB, YTOOBI [OKa3aTh Ha YepTEKe BHYTPEHHEE CTPOCHHE NpeaAMeTa, AaBa-
JIMCh YCJIOBHBIE pa3pe3bl, ceueHus. YacTo Mmosb30BaIMCh HE TOJBKO UYEPTEKOM B IPOEKLHUAX, HO
Y HaTJISTHBIM U300paKEHHEM, KOTOPOE Ha3bIBAIOCH «BOJIBHOW MEPCIIEKTHBOMY [7].

K nauany XIX B. B IPOMBIIIIEHHOCTU U CTPOUTEIBLHOM JI€JI€ IPUMEHSIIUCH YEPTEKH, KOTO-
pble y’e HEMHOI'MM OTJIMYAOTCS OT COBpeMEHHbIX. HeoObIUHBIM Ul HAC Ka)XXeTcs TOJBbKO pac-
MOJIOKEHHE MPOESKIUI: TJIaH YaCTO OCTAETCs TJIaBHBIM BUAOM. boraTcTBo U pa3HooOpasue mnpue-
MOB MH)XEHEpHOU rpaduku 00001IMIa U TEOPETHUECKH 000CHOBAIA HaYepTaTeIbHASI TEOMETPHSI.
Orta Hayka B nepBoil nonosuHe XIX croserus nojyunia cBoe pa3BUTHE B Mupe [7].

C cepenunbl XX B. MHTEHCUBHO Pa3BUBAETCsl MalTMHHas rpaduka. PazpaboTaHHbIe CUCTEMBI
aBTomMaTtu3upoBaHHOro npoekruposanus (CAIIP) npenHasHaueHsl Ui BBIIOIHEHHS POEKTHBIX
paboT ¢ NPUMEHEHHEM MAaTeMaTHYECKMX METOJOB U KOMIBbIOTEpHOH TexHUKH. CoBpeMeHHas
KOMIIbIOTEpPHAst TpaduKa JaeT BO3MOXKHOCTh M3YUYHMTh MOCTPOCHHE MOAETeH M300paskeHHi mo-
CPEICTBOM UX I€Hepaly B COOTBETCTBUM C HEKOTOPBIMU JIFTOPUTMAMU B IIPOLIECCE B3aUMOAECH-
cTBUs 4esoBeka U DOBM. Pe3ynbraroM Takoro MoJAeIMpOBaHMsI SIBISIETCS 3JEKTPOHHAs FE€OMET-
pHruecKas MOZIeJb, KOTOpasi UCIOJIb3YETCsl Ha BCEX CTAUAX €€ JKU3HEHHOTo LUKia [7].

Pa3zBuTue HOBBIX TEXHOJIOTUH HEU3MEHHO IMPEIbSBIISET BCe 0ojee jKeCTKHe TpeOOBaHHS K
COBPEMEHHOMY HMHKEHEPY-KOHCTPYKTOPY. Y’K€ JJaBHO OCTAIMCh B MPOILUIOM T€ BpPEMEHa, KOrJa
BCE KOHCTPYKTOPCKHME PACUE€Thl, YEPTEKU U JOKYMEHTH! BBINOJIHUINCH BPYUYHYIO, a INIABHBIMHU
MHCTPYMEHTAMHU NPOEKTUPOBIIMKA ObUIM KapaHJall U KyJbMaH. 3a NOCIEIHUX JBa JECATUICTUS
MH(POPMALIMOHHBIE TEXHOJIOTUU KOPEHHBIM 00pa3oM HM3MEHWIM NPHHLMUIBI KOHCTPYHPOBAHUS,
YCKOPHB IIPU 3TOM IpoLECcC pa3pabOTKHU M3/eNns, TIOBBICUB €0 TOYHOCTh M HAJEKHOCTh B Jie-
CATKHU pas.

B 3axmoueHue xoyercs OTMETUTbh, YTO IPOBEIECHHBIE UCCIIEA0BaHMs IOMOIJIN MOHATH, Ka-
KOH CIIOKHBIN MyTh MBI NIPOLIM OT PUCYHKA Ha 3€MJIE€ C IOMOIIBIO KOJIa U BEPEBKH /10 Oymaru u
LUPKYJId, a TAaKXKe 10 paboThl ¢ MPOrpaMMaMH, ¢ OMOILBIO KOTOPBIX MOXKHO CO3/1aTh YEPTEXkK Ha
9KpaHe KommbloTepa. [IpueMpl, KOTOpbIe MBI UCIOJIb3YEM, pa3HOOOpa3Hbl U TIIATEIBHO MPOAY-
MaHbl MHO>KECTBOM JIFOJIeH, OHM [TOMOTAIOT HaM CO3/1aTh HCaIbHYI0 paboTy O4eHb OBICTPO.
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KomMmmprorep 3HaUMTENBHO YHOPOCTHII BBIIOJHEHHE OOJIBLIOrO KOJIMYecTBa padOT B Hallel
xu3Hu. B Hactosmee Bpemst CAIIP akTHBHO MCTIONB3yeTCsl BO BCEX 00IACTAX HAYKHW M TEXHHKH.
[IpoekTupoBaHue U CO3/1aHUE YEPTEKEH C MOMOIIBI0 KOMIBIOTEPHBIX MPOTPAMM 3HAYUTEIHHO
YBEJIMUYMBAIOT POU3BOAUTEIHLHOCTh TPYAa HHXEHEPOB. B HacTosmee Bpems CyIIecTBYeT MHOTO
nporpamm, € nMOMOMIIbIO KOTOPBIX MOKHO BBIIIOJIHUTH TpéXMepHBIe MOZACIIN U CACIIATH YCPTCIKU.
U B mporiecce uccae10BaHus MOHIATHO, YTO H300pETEM €Ille MHOTO€, TOTOMY YTO YepUEHHUE Hay-
Ka, KOTOpasi He MOKET OCTAaHOBUTHCSI HA MECTE.
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PA3JIMYUS MEXKAY POCCUVCKUM U 3APYBEXXHBIM METOJAMHU
O®OPMJIEHUA YEPTEXKEN

Tlpusedena cpagnumenvHas Xapakmepucmuxa poccutiCko2o U amepukanckozo mMemooos ogopmie-
HUS uepmedicell.

[IpaBuna yepyeHus: CO3AABAIMCH 10 MEPE Pa3BUTHUS MPOMBILIIEHHOTO Ipou3BoxacTaa. Ilo-
CTENIEHHO K BBIMIOJIHEHUIO YepTexkel MpeabsBIIsIUCh HOBbIE TPeOOBaHMS U, KaK CIIEJICTBUE, I1O-
SBIISTTUCH HOBBIE TpeboBaHus. Ho B pa3HBIX CTpaHax 3TH MPOLECCHl Pa3BUBAINUCH MO-Pa3HOMY, U
MOSIBUJIOCH OO0JIBIIIOE MHOKECTBO BapHallii co3aaHus 1 0(OPMIICHHSI YepTEkKeEH, MOITOMY ceiyac
COBPEMEHHOMY T'PaMOTHOMY HMHXXEHEpY MOJIE3HO (Jake MHOTAA HeoOXOIMMO) yMETb YHUTaTh U
pa3ianyaTh YEPTEKHU, BHIMOIHEHHBIE 110 3apyO€KHBIM CTaHJapTaM.
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[Ipencrapnsiem nBa HanboJee pa3IMYHBIX METOa O(OPMIICHUS YEPTEKENH — TO POCCHICKHIA
WM €BPOIECUCKUN U aMepuKaHCKui. ClieryeT OTMETUTh, yTO B Poccum deprexu ohopMIISIOTCS
mo 'OCTy, B EBponie — a3to crangaptel ISO (International Organization for Standardisation), B
CILIA — crangaptel ANSI (American National Standerds Institute).

Kak n3Bectno, no npasusiam ['OCT 2.305-68 nzo0pakeHust IpeIMETOB Ha YEPTEXE JOTKHBI
BBITMIOJIHATHCS IO METOJy MHPSAMOYTOJIbHOTO MPOCIUPOBAHUS, T.€. C MOMOIIbIO OPTOrOHAJIBHBIX
NPOEKIMH, HO OTJIIMYMS 3aKJII0YAIOTCS HE B CaMUX IPOEKIHSX, a B METO/ax UX oOpa3oBaHus. B
Poccun ucnonb3yioT eBponencKkuii MeTo1 00pa3oBaHus MPOCKIUN U UX pa3MEIICHUs Ha YepTe-
K€, ¥ OH 3HAYUTEJIbHO OTJIMYAETCS OT aMepUKaHCcKoro [1].

B eBpomneiickom merone n3o0pakeHHEe MPOELUpyeTcsl Ha IUIOCKOCTb, PACHOJIOXKEHHYIO 3a
caMHM OOBEKTOM, a B aMEPHKAaHCKOM HaOJI0JaTelb HAXOAUTCS 33 COOTBETCTBYIOLIECH IUIOCKO-
CTBIO MPOEKUUN U U300paKeHUs, MOIydaeMble Ha IUIOCKOCTSIX MPOEKIUU SBISIOTCS 3€pKaibHbI-
MU OTPaKEHUSAMH (TaKOH crocod pacroyioKeHHUs BUAOB HCIIONB3YIOT Takxke B BennkoObpuranun
u [lopTyranumn); T.e. B €BpPONEHCKOM METO/Ie HabII0AaTeNlb U N300pakeHne 00BEKTa pacIoiokKe-
HBI 110 OJIHYy CTOPOHY OT IJIOCKOCTH MPOEKIIMH, & B aMEPUKAHCKOM IJIOCKOCTh MPOEKIMH PACIIO-
J0KeHa Mex Tty Humu (puc. 1.) [3].

O O —
Puc. 1. PacmionoxxeHne mpoeKIyii pu eBpoIeicKoM (CiieBa) M aMepUKaHCKOM (CTIpaBa)
METOAAX MIPOCIIUPOBAHUS

ol | L

CrencTBHEM TAKOTO METOJa MPOCIMPOBAHUSA B aMEPUKAHCKUX UYEPTEKAX SIBIISETCS JAPYron
croco6 pacrnionoxxeHust BuaoB (puc. 2) [1].

_ Bud Hud
Fragnsil sud cnesa caepxy
Bud Bud
ceepxy ciesa Cnopnpd sud
|_ L

Puc. 2. PacionoxeHnne Tpex OCHOBHBIX BHJIOB: CJI€Ba — IIPU POCCUICKOM (€BPOIEHCKOM) METOIE
odopMIleHus; CripaBa — NP aMEPUKAHCKOM METOJIe TIPOCIIMPOBAHUS

Taxoke cepbe3Hble pa3nuyus ObUIM 3aMEUYEHBI B HAaHECEHHH pa3MepoB. Eciu mocmoTpeTs Ha
puc. 3, MOKHO YBUJETh, YTO BCE pa3MEPHBIC YMCIIa U HAJIIMCU BCETJa PACIION0KEHBI B pa3pblBax
pa3MepHbIX JIMHUHI U Mapajule]IbHO OCHOBHOM HAJIIMCH, a Ha BBIHOCKAX OHM SIBJIAIOTCS MPOJIOJI-
KEHUEM ITOJIKU BBIHOCKH.
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Puc. 3. IIpumeps! HaHeceHus pazMepos no ctanaapraMm CIIIA: a — HaHeceHue yIIIOBbIX pPa3MepoB;
HaHECEHME JIMHEHHBIX pa3MepoB: 0 — ¢ 3aaHueM LIEHTpa AyTU OOJIBIIOrO paguyca; B — paJiyCcoB
CKPYTJICHUH; T — HAHECEHUE Pa3MepOB IPH pa3pbIBe YacTH U300pasKeHHS
U C IPUMEHEHHEM JINHUH-BBIHOCKH

Ha ueprexax, BbINOJHEHHBIX B EBpoIle o aMepuKaHCKUM IpaBuUiaM o(pOpMIIEHUs, OMe-
LIAI0T CIELUMAJIbHBIM 3HAK B BUJE JIBYX IPOEKIUN YCEUYEHHOTO KOHYCa, B3aMMHOE ITOJIOKEHUE
KOTOPBIX yKa3bIBa€T Ha METOJ MpoeuupoBanus (puc. 4, a). Jlokymenr, BeinosnHeHHsIi B CIIA no
€BpOIEHCKOMY METOJy, TaKKe CHa0)kaeTcs crenuanbHbIM 3HaKoM. OH mpejcTaBiiseT coO0oi Te
e JIBe MPOEKLUHU YCEeYEHHOr0 KOHYCa, HO OHU PACIIOJIOKEHbI HEMHOTO MHAuye APYT OTHOCHUTEIb-
HO apyra (puc. 4, 0) [2].

d a
Puc. 4. 3naku, ykaspIBaoIue Ha METOT TPOCIIUPOBAHUS: a — AMEPUKAHCKHM; O — eBpOTeHCKHIA

Ha ocHoBe Bcero BBINICTIEPEUUCICHHOTO MOXKHO CHEJIaTh BBIBOJ, YTO POCCHUMCKHUNA METOJ
odopMIIeHHS YepTekKel OTIUYaeTcs OT 3apyOeKHbBIX, B YACTHOCTU OT aMEpPUKAaHCKOro, crnocoba-
MU TPOEIUPOBAHUS U PACIIOJIOKEHUSI OCHOBHBIX BHJIOB, HAHECEHHUEM Pa3MEpPOB, a TaKXKe, €CIU
yeprex BoinosiHeH B CIIIA mo eBporeiickuM craHAapTaMm, TO Ha HEM MOMEIIAIOT CIIeUATbHBIN
3HaK, KaK ¥ Ha €BPOIEHCKOM, TOJIBLKO HA00OPOT.
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TPYJHOCTH, BOSBHUKAIOIIUE Y HHOCTPAHIEB ITPU U3YYEHUU
HAYEPTATEJbHO TEOMETPUH

Hccneoyromes npobnemvl usyueHusi Ha4epmamenbHOU 2eoMempuu UHOCMPAHYamMu U Cnocoobl ux
peuteHul.

B HacTosmiee Bpems npeaocTaBieHe 00pa30BaTeNbHbIX YCIYT, B YACTHOCTH B chepe HMHxKe-
HEPHBIX HAYyK, SIBJIETCS XOPOLUEH NEPCIEKTUBOM I NPUBJICUEHUS MHBECTULMH, a TAKXKE CIie-
LUAJINCTOB M CTYACHTOB U3 APYTHX CTpaH. DTO OTKpPbIBAeT M Poccum HOBBIE BO3MOXKHOCTH
peanu3zanyu B OyayIieM HOJIUTUYECKOT0, TOPrOBO-3KOHOMUYECKOTO U HAYYHO-TEXHUYECKOTO CO-
TPYyAHUYECTBA C 3apyOS)KHBIMU CTPAaHAMH.

B cBsi3U ¢ BBIIEHU3T0KEHHBIM aKTyaJIbHBIM CTAHOBUTCS BOMPOC 00 aJanTaiuyi HHOCTPAHHBIX
CTYZICHTOB B POCCHUHCKOM crcTeMe 00pa3oBaHusl, HO Ha ATOM 3Tare BOSHHUKAET psij TPYAHOCTEH:
pasiuuue B KyJIbType U TPAIULUAX CTpaH, pa3jiMune B MOJX0/Ie K 00pa3oBaHUIO (Ipyrue oopaszo-
BaTeJIbHBIE MPOrPAMMBI), U IJIaBHAs MpodiieMa — 3TO A3bIKOBOW Oapbep. [ MHOrMX npu Mex-
JYHApOJHBIX KOHTAKTaX BXOKICHHUE B IPYTYIO CPelly y YEJIOBEKA BBI3BIBACT, KAK IIPABUIJIO HEKO-
TOPBIE CJIOKHOCTH. Bellb 3a4acTyro NpeACcTaBUTENN Pa3HbIX CTPaH U HAPOJOB MaJIO 3HAIOT APYT O
JIpyre U pyKOBOJACTBYIOTCS CTEPEOTUIIHBIMH, BO3MOKHO, HaBS3aHHBIMU IPEICTABICHUSIMH, MO-
ryT 00J1a1aTh HENPABIUBON, HCKAKEHHON HH(pOpMAIMel O Ipyroi cTpaHe, YTO CKa3bIBaeTCs Ha
aJlanTalyy K HOBBIM yCJIOBUSIM NPeObIBaHUS B OOLLIECTBE.

Kak nokasbpiBaeT npakTHka, OOJBIIMHCTBO HHOCTPAHLEB, o0yyatomuxcs B Poccun Ha nHxke-
HEPHBIX CIIELHAIBHOCTAX, HE BIANCIOT PYCCKUM S3BIKOM B COBEPLICHCTBE M 3a4aCTYIO CTAJIKH-
BAIOTCS ¢ MPOOJEMON MOHMMAHUS OOJIBLIOrO KOJUYECTBAa TEPMUHOB U MOHATUI MHOTUX CHELH-
anpHOCTe. B wacTHOCTH, Takas mpoOieMa Bo3HHKJIA oOyuarommxcs u3 Kopew B MoHMMaHUU
TEPMUHOJIOTHH HauyepTaTeNbHONW reoMeTpuu. bonbmioii o0beM MHPOpMAIMH, MOTy4aeMbld Ha
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JICKIHSIX, HE Cpa3y yCBaMBAETCS MHOTMMH CTyJEHTaMHM, BKJIIOYasi CTyACHTOB u3 Asuu. s HUX
rJIaBHAs TPYAHOCTH 3aKJIIOYANach B TOM, YTO OJJHOBPEMEHHO OBIJIO HEOOXOIMMO BHUKATh B CYTh
IIOBECTBOBAHHUS HAa HEPOJHOM SI3bIKE, IEPEBOAUTH HOBBIE /7S ce0s1 CJI0OBA M TIOHMMATh HOBBIM Ma-
tepuan. HecMoTpst Ha TO 4yTO B KOpeHCKOMN 1IKOJIe OBl TaKOW MpeiMeT, KaKk YepueHHue, KOTOPbIH
pa3BUBAET XOPOIUIyI0 0a3y AJIs MOCIEAYIOUIer0 U3yYeHUs] HauepTaTeIbHONH reOMeTpUH, CyIecT-
BOBAJIM NIPOOJIEMBI B YCBOGHUH JUCIHUILIMHEI. 1 HaKOHEI, caMOil aKTyaJlbHOW Mpo0JieMoii B po-
recce o0yueHHst STON AUCIUILTMHE CTalla 3alllKTa Iepel npenoaBareiaeM snropa. Beap nmpu sTom
He00X0oauMO ObLTO Oe3yIPEeYHO 3HATh MaTepual U yMeTh 000CHOBATh CBOU JICHCTBHS B MOCIIEI0-
BaTEJIbHOM ONMHUCAaHUM. YTOOBI 3TO clenaTh, HEOOXOAUMO ObUIO IPAMOTHO BBICTPOUTH TEKCT JJIS
3aLIUTHI.

Bbu10 npuHATO pelieHne, Tak Kak BHIOIHEHUIO cTyneHTaMu n3 Kopen nanHo# yueOHoi 3a-
Jlauu OCJIOJKHSUIOCH, CO3JaTh ONEPATUBHYIO TPYIILY MOMOLIM s OOBSICHEHUS UM HEYyCBOEHHOI'O
MaTepuajia BO BHEYpOUHOE BpeMsi, B KOTOPYIO BOIUIM CTYJCHThI — HOCHUTEIH PYCCKOTO S3BIKA.
Becb HeycBOECHHBIH B TeueHHE yU4eOHBIX 3aHATUI MaTepuai OObIACHAICA U pa30oupalIcs JONOTHU-
TenbHO (puc. 1, 2).

Puc. 2
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[To oT3pIBaM MHOCTpPAHHBIX CTYJEHTOB, 3Ta T€Ma Jlajnach UM HanboJiee TPYIHO, TaK KaK OHa
0azupyercs Ha npeaplayuiei reme «Crocod npeodpa3zoBaHus OPTOrOHAIBHBIX MPOEKIMIA», OCHO-
BBIBAsICb Ha KOTOPOM HEOOXOTUMO MPeoOpa3oBaTh CEKYIIYIO IJIOCKOCTh OOIIETro MOJIOKEHHUS B
POELUPYIOLIYIO, ISl TOrO 4TOOBI IOKA3aTh ceuyeHHe Ha (urype oOIIero rnoyiokeHus u u3oopa-
3UTh CEYEHHME B HaTypalbHyO0 BenuuuHy. Kpome Toro, maHHas tema TpeOyeT XOpOIIEro Ipo-
CTPAHCTBEHHOT'0 BOOOPAXXEHUs JJIs1 IOHUMAHUS TOT0, KaK BBIIOJIHUTH Ty WM MHYIO 3a/1a4y.

Takas paboTa akTUBU3MpOBaJIa MPOLIECC YCBOEHUSI MaTepualla MHOCTPAHHBIMU CTY/I€HTaMH,
Y OHU CTaJld IIOCTENEHHO TOOMBAThCS YCIEXOB B U3yUEHHH 3TOr0 Ipeamera. Bee yuacTHUKM HUH-
TEPHAIMOHAIBHOW TPYIIBI TMOJXYYHIN Ui ce0si MHTEPECHBIH OMBIT OOWICHHS W Y3HAIM MHOTO
HOBOT'O JApYT o Jpyre. ['1aBHBIM COBMECTHBIM HTOIOM CTajla YCIEIIHas claya 3K3aMeHa BCEMH
Y4aCTHUKAMHU IPYIIIbL.

B 3akmiodyeHne xorenoch Obl OTMETHTH 3PPEKTUBHOCTb PabOThI MOJOOHBIX ONEPaTHUBHBIX
rpynn. ABTOpBI IPU3BIBAIOT BCEX, Y KOIO UMEETCS] BOBMOKHOCTh IOMOYb T€M, KTO B 3TOM 3auH-
TepecoBaH. Kak mpaBuiIo, TpyITHOCTH B U3yYEHUH KaKUX-JTMOO IUCLUIIMH BO3ZHUKAIOT HE TOJIBKO
Yy UHOCTPAHIIEB, HO U Y MHOTUX PYCCKOSI3bIYHBIX CTYJEHTOB, I03TOMY, UCII0JIb3Ysl IaHHBIH OIIBIT,
MO’KHO (P (PEKTUBHO COTPYIHUYATh. DTO XOPOLIass BO3MOXKHOCTh OJIMXkKE MMO3HAKOMUTHCS C APY-
MMM JIFOJIBMU U y3HATh JUIsl ce0sd 4TO-TO HOBOE. Pa3zBuBas 3Ty HMJ€I0, MOKHO CO3/1aTh OTAEIb-
HbI{, TIOCTOSTHHO JEHCTBYIOLIMMA OTpPsi/I, BBIOJHAIOIINN TaHHYIO (DYHKIMIO, B 1IEJIAX B3aUMOBBI-
TOJHOTO COTPYTHUYECTBA U dPPEKTUBHOTO U3YUCHHUS PA3HBIX AUCIUILIUH.
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CIIOCOBbBI IPEOBPA3OBAHUA YEPTEXA IIPU PEHIEHUHN
METPUYECKHUX 3AJIAY

Paccmompenvr mpu ochogHbix Memooa pewienus 3a0ay Ha onpeoenieHue paccmosHus Om moyKu 00
NPAMOT 00Ue20 NONONCEHUSL, NPUBEOEHDL ANICOPUMMbL UX PEULeHUS.
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Mempuueckumu Ha3BIBAIOTCA 3a]la4d, B KOTOPBIX TPeOyeTCsl ONpENeIUTh METPUIECKUE Xa-
PAKTEpUCTUKU (UIMHY, IJIOMIAAb U Jp.) KaK CAMUX T€OMETPUUYECKUX JIEMEHTOB (TOUYEK, MPSIMBIX
U IUIOCKOCTEH), TaK U METPUUYECKUE XapaKTEPUCTUKHU, OOYCIIOBICHHbBIE UX MOJOXKEHUEM B IPO-
CTpaHCTBE (PAaCCTOSHUS U YTl MEXKAY HUMN).

Pemenune meTpruyeckux 3ajad, Kak U MO3ULMOHHBIX, 3HAUUTEIBHO OOJieryaercs, Korjaa 3a-
JTaHHBIE YIEMEHTHI PACIIOJIAraloTCs Ha MPSAMBIX WIM HA INIOCKOCTSAX YaCTHOTO MOJIOXKEHUS. B cBs-
3M C 3TUM TIPH M300paKEHUU KAKOTO-HUOYAbh OpUTHHANIA HAa KOMIUIEKCHOM 4YepTexXe TPEIOYH-
TAKOT TaK PAcCIojiaraTh OPUTMHAI 10 OTHOLIEHUIO K OCHOBHBIM IUIOCKOCTSM MPOEKIMHA | 1 I s

I 3 yTOOBI HAaHOOJIEE BaXKHBIE DJIEMEHTEI OpuruHala pacrnojarajvcCb Ha IpsMbIX WJIN HA MJIOCKO-

CTSIX YaCTHOTO TIOJIOKCHUS.

XKenanue ynpocTHTh pEIICHUE METPUYECKUX 3a7ad MPUBOJUT K HEOOXOIUMOCTH TaKOTO
npeoOpa3oBaHusl KOMIUIEKCHOTO YepTeXka, P KOTOPOM TIPSIMBIE M TUIOCKOCTH OOIIETO TOJI0XKe-
HUS, COJCpKAIMe WHTEPECYIOIINE HAC 3JIEMEHThl OPUTHHAJA, TIEPEIUTH Obl COOTBETCTBEHHO B
MPSIMBIE U TUTOCKOCTH YaCTHOTO TIOJIOKEHUSI.

Penrenvie kaxx0i METPUYECKON 3a]1a41 MOXKET OBITh IMIPOU3BEICHO HECKOJIBKHUMHU CITIOCOOAMH:

e 0e3 mpeoOpa3oBaHusl YepTeka (C UCMOIB30BAHUEM MPABUIIA MPSMOYTOJBHOIO TPEYIOJb-
HUKa WIK TEOPUHU NEPIIEHIUKYIIPHOCTH);

e C npeoOpa3zoBaHUEeM YepTeka (CocoOOM 3aMEHBI TUIOCKOCTEH MPOSKIIHiA, CIIOCOOOM Bpaliie-
HUS OpUTHHAJIA, TNIOCKOIAPAJIIICIIBHOTI'O NIEPCMCIICHU A, BCIIOMOT'aTCIIBHOT'O TIPOCLINPOBAHUSA U I[p)

Opnna ¥ Ta ke 3a/1a4a MOXKET PelIaThesl CI0KHEE WM TPOLIE B 3aBHCUMOCTH OT TIOJIOKEHHUS
3aJ]aHHBIX JIEMEHTOB 110 OTHOIICHHIO K OCHOBHBIM TUIOCKOCTSIM TPOCKIIUi. PaccMOTpHM HECKOIIb-
KO CITOCOOOB PEIICHHS TIOCTABICHHOMN 3a/1a49H U CPAaBHUM TPYJOEMKOCTD Ka)I0TO PEIICHHSI.

3apaua. OnpenenuTb pacCTOsIHUE OT TOUYKU A 110 npsimoii [ — obmero nonoxenus (O.I1.).

1 cnocod
(crtoco6 3aMeHBI TUIOCKOCTEH MPOEeKInii)

PaccrosHMe OT TOYKM 10O IPSIMOM €CTh NEPIECHIM-
KyJISIp, OIYLIEHHBIM W3 TOYKHM Ha npsamyro. i 3Toro
Heobxomumo npsimyto [ — O.I1. mpeoOpa3oBaTh 10 1O-
JIO’)KEHMSI TPOCUUPYIOUIEH, TOrAa OTPE30K, COEIHHSIO-
IUH TPOEKIMU MPSIMOU W 3aJlaHHON TOYKH A, U €CTh
HCKOMasi BeJIMUYMHA paccTosiHus (puc. 1).

Anroputm

1. Hpamas [(l,,l,) — O.IL. npeobpasyercs no mo-

noxenus npamoit yposus (1 O.M.3).
Ycnosue 3amenvi:
10,11,
[,L11:
[,/
Xpa /11 -
2. Ha HOBOI IIOCKOCTH MpPOEKIMH | 4 CTpOHTCS

MMpOCKIHA TOUKHU A - A4 C UBMCPCHUECM BBICOTHI 3aMC-

S€MOM TUIOCKOCTH MPOSKLUH | - .
ly=2s=ls=i5 ¥ P 2
3. Ha ocHOBaHuU T€OpeMBbI O MPOCIIMPOBAHUU TIPSI-

HB AKX MOTO YIJIa W3 MPOEKLMH TOYKH A, Ha IPOEKIHUIO Mps-

MO [, omyckaem neprenaukynsp. Otpesok A4,K,

MPOEKIUS paCCTOSIHUA OT TOUKU A 110 MpsIMOit /.
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4. Ilo npuHaaneKHOCTH TOYKA K TPSIMOM [ CTPOUM MPOEKLMH PACCTOSHUS HAa OCHOBHBIX
IIOCKOCTSAX IPOEKLHI: Ha TOPU30HTAIBHOM IUIOCKOCTH | | — mpoekuus 4 K, Ha GPOHTAILHOM

TIOCKOCTH | , — mpoekuus 4, K, .

5. Hpsimyto [([;,l,) — UpsMyIO ypOBHS HpeoOpasyeM B NPOCHMPYIOLIYIO MpsMyto (2
0.M.3).

Ycnosue samenvi:

[ 0,140

[5L1,

[5117;

Xgs5 L1y

[IpoeKMy TOYEK CTPOUM Ha IJIOCKOCTH | 5, JCTIast 3aMepPbI Ha 3aMCHSICMOMN IIIOCKOCTH I |
oT 623kl x -

6. OTpe3oK, COeMHSIONIUN MPOCSKIIUU NMPSAMOM [ U 3aJaHHON TOYKU A4 Ha MIIOCKOCTU MpO-
eKLMi | 5 — MpoeKuust 45K — €CThb MCKOMasi HaTypallbHasi BEIMYMHA PACCTOSHUS OT TOUKH A

JI0 TIPSIMOIA /.

2 ciocod
(cioco6 BpalieHusi BOKPYT MPOCIUPYIOMIEH TTPSIMOiA)

Kparuaiimee paccTosiHue OT TOYKH A0 NPAMON €CTh NEPHEHIUKYJISIP MEXIY HUMH, OTCIOAa
cienyert, uro npsmyto / — O.I1. Heo6xoaumo npeoOpa3zoBaTh 10 MOJOKEHUS IUHUU YPOBHS, Ha-
npumep ¢pponTanu (puc. 2).

Anroputm :
1. Ilpsamas I(l,1,) — O.I1. BpameHueM BoO- \ 7
Kpyr TOPH30HTaJbHO-MIPOCHUPYIOMIEH OCH |

(i LT ), npoxoxsmeii uepes Touky 1, mpeoGpasy-
€TCs JI0 TIOJIOKEHUS PPOHTAIH [ fgld) Ay -

a)i L1 | — OCb BpalllEHH;

0) X, 1 i, — IIOCKOCTb BPAICHHUS TOYKH 2;
B) 0, =2, Ni, — IUEHTP BPALICHUA TOYKH 2;

T) R, = 0,2 — panuyc BpallieHus TOUKH 2.

2. JInst Toro 94TOOBI HE U3MEHUIIOCH B3aUMHOE
pacrnojoxeHue Touku A u mpsMoi [, Touka A
MIOBOpAYMBAETCA BOKPYT OCH Ha TOT e yroi (Io-
JIyduM MOpPOCKIHI0 TOYKH Zl ). B mmockoctu

A,(A) Li, (mmockoctn BpauieHus TOYKH A)

/1153'1

CTPOUM MPOCKIHUIO TOUKH A2 . Puic. 2

3. Ha mpeoOpa3soBaHHYIO MPOEKUHUIO [, (f5)
U3 MPOCKIUH TOYKU A, OIyCKAeTCs MEPHCHIANKYJSIP Ha OCHOBAHUM CIICACTBHS M3 TEOPEMBI O
MIPOCIIMPOBAHUHU TIPSIMOTO yTJia (n2 1 fz).

4. Crpoutcs Touka K mepecedeHHs] NepHEHANKYJspa U MpsSMod [: cHadana
K2 =n,N 12 ( fz) , @ 3aTe€M Y IIPOEKIMH 3TOM TOYKHA HA OCHOBHBIX IJTIOCKOCTSIX IMTPOECKIUN K. L H K 1-

5. Ctpoures npoekuuu 4,K, U A4 K, pacctostiust oT Touku A jo npsmoit [ — O.IL
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6. JIro6piM U3 crioco0oB (3aMeHa, BpallleHue, ClIoco0 MPSMOYTOJBHOIO TPEYToJIbHUKA) ON-

penenseM HaTypaibHyt0 BenuunuHy otpe3ka 4K — O.I1. Mel pemaem criocoOoM NpsiMOYTOJIbHO-
ro TPEyroJbHHKA.

3 cnoco®
(C UCTTIOJTE30BAaHNUEM TEOPHUH O TIEPIICHIUKYJIIPHOCTH)

Anroputm

1. Yepes Touky A nepnenaukyisipHo npsmoit [ — O.I1. cornmacHo Teopeme 0 MpoepoBa-
HHUH NIPSIMOTO YTJIa TPOBOJUM IUIOCKOCTh, KOTOPYIO 33/1aIMM JIBYMS NIEPECEKAIOIIMMUCS TIPSIMBbI-
MH: TOPU3OHTAJIBIO /i ¥ GpoHTanbio £ (puc. 3):

X(h f) Li(n);

h f=4;

hy L1 (ny);

fa Ll (ny)-

2. Onpezenum Touky K — Touky mepeceyenus npsmoit [ — O.I1 u miockoctu X(hN f)

(puc. 4):
a) IpAMYIO [ 3aKII0YMM B IIPOCLUPYIOLLYIO IIIOCKOCTh: [ < A(A,);

0) CTpOUM JIMHHUIO NIepeceyeHus IWIoCKocTed X(h N f)NA(A,) =a:
acA(Ay))=a, =Ay;

acX(hnf)=ay(1,,25);

B) HAXOJMM TOUYKY ME€pEeCceUCHUs IPsAMON [ ¥ TMHUU TIepeceueHHst IIIOCKOCTeH ¢ :
Ki=lnay;

K, CTpOUM IO MPUHAIEKHOCTH.

4. Ilocie mocTpoeHust TOYKH K CTponM Npoekunu 4 K; U A, K, — IPOCKIUN PacCTOSHHUSI
OT TOYKU A 110 mpsiMoit /.

2
A
\fz &
i
/ #
A
Hy
Puc. 3 Puc. 4

4. JItroObIM U3 criocoOoB (3aMeHa, BpallleHHe, CII0CO0 NPSIMOYTOJIBHOTO TPEYTrOJIbHHUKA) OIl-

penenseM HaTypaibHyt0 Benuuuny orpe3ka 4K — O.I1. Msl pemaem crnocoOoM NpsiMOYTOJIbHO-
ro TPEyroJbHHKA.
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3axiarouenne

PemmB oHy M Ty K€ 3a7a4y pa3HbIMH CIIOCOOAMH, MbI MTOJYUWIIA OJJHY M TY K€ BEITHUUHY
paccTosiHUsI OT TOUKH A 110 npsimoii /. [IpoaHam3upoBaB MOJYUYCHHBIC PEIICHUS, MBI TIPUIILTH K
BBIBOJIY, YTO KaXXJIbIH U3 CIOCOO0OB MMeeT cBou mnpeumyinectBa. Crioco® 3amMeHBI IIOCKOCTEH
MPOEKINH Moka3ayicss 6osiee MPOCThIM, HO ISl YyepTeka notpedoBanock Oomnbiie mecta. Crocod
BpaIllCHUsT BOKPYT MPOCIUPYIOMIEH OCH 0ojiee KOMITAKTHBIM, HO HECKOJIBKO CIIOKHEE TOCTpoe-
Hus. Croco0 pemieHust 3a1a4l C MCIOJIb30BAaHHUEM TEOPUH NEPHEHIUKYJISIPHOCTH B HEKOTOPBIX
CITyJasix ropasjio yjao0Hee, TaKk KaK MO3BOJISICT MOJYYHTh PEIICHHE JISTKO M OBICTPO M, YTO OYCHB
Ba*XHO, HArJIis1iaAHoO.
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CPABHEHHME HHHOBAIIMOHHBIX METO/IOB ®OPMHNPOBAHMUS KOPITYCA.
KOMIIO3UTHBIE MATEPHUAJIBI

Onucanvl npeumyuecmsa u HeOOCMAMKU 08YX UHHOBAUUOHHBIX MemOo008 (PopmMuposanus Kopnyca
CYOHA, A MAKdHce PA3HOBUOHOCIU KOMNOZUMHBIX MAMEPUAIO8.

CraTbsl OCBSIILIEHA W3YYEHUIO CPAaBHUTEIBHO HOBBIX METOJOB (hOPMHUpPOBaHMs KopIlyca U
MCIIOJIb30BaHNs KOMIIO3UTHBIX MaTepraos [1].

AKTyanbHOCTh BBIOPAaHHOW TEMbI 3aKIJIIOYAETCS B BaKHOCTH aHAJIM3a OCHOBHBIX HaIpaBJie-
HUW Pa3BUTHUS MHUPOBOIO U POCCUMCKOIO PBIHKA TPAHCIIOPTHBIX MAJOMEPHBIX CYJOB, KOTOPBIA
MO3BOJIET JaTh OLIEHKY MEPCHEKTUBHOM MOTPEOHOCTH POCCHUICKUX 3aKa34yMKOB B CyJax U Mop-
ckoil TexHuke. O003HaueHB! TPU LIEJIEBBIX HANPABICHUS PA3BUTUS CYAOCTPOEHUS B CPEAHECPOU-
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HOH NEpCHEeKTHBE: IKOJOrHYecKas 0€30MacHOCTb, 0€30MaCHOCTh YEeIOBEYECKOM KU3HU U SKOHO-
muueckas 3¢ dexTHBHOCTE. B 0030pe TeHIeHIuMil pa3BUTHSI OCHOBHBIX THUIIOB TPAHCIIOPTHBIX CY-
JI0B 1 HanOoJiee MHTEPECHBIX 3apyOeKHBIX pPa3padOTOK MPEACTABIEH PS HOBBIX TEXHHYECKHUX H
TEXHOJOTUYECKUX PEIICHHH.

Hactynaer HOBBII 3Tanm B CyJOCTPOCHMH, NPEAyCMATPUBAIOIINN 3aMEHYy OOBIYHBIX MaTe-
pHaIOB Ha KOMIIO3UTHBIE. BO300OHOBIEHNE aKTUBHOTO M3TOTOBJICHMS HEOOJBIIMX JIOJOK U pac-
Tyllee T0OBepue K KOMIIO3UTaM CBHJIETEIBCTBYET O MOJOKUTEIHHON TeHACHIIMN POCTA PHIHKA CY-
JOCTPOUTEIBHBIX KOMITO3UTHBIX MarepuanoB. [IpuBeném ommcanne mOOOHBIX MaTepUaliOB H
00Cy UM J1Ba pa3IMyHBIX MeToa (POpMUPOBAHUS KOpITycCa.

C TOYKHM 3peHHsI CTPOMUTENILCTBA MPOTYJIOYHBIX JIOJOK KOMIO3HUTHl UMEIOT MAcCy MPEeuMy-
IIECTB Iepe] MeTaJUIaMU U JPYTUMHU TPaJULMOHHBIMM Marepuanamu. [IpuMeHeHne KOMIO3UT-
HBIX MaTEpPHAaJIOB MO3BOJISIET 00ECHIEYNTh KOPIYCy Cy/lHA aHTHKOPPO3UIHBIE CBOICTBA, YCTONYH-
BOCTb K JIepOpMaLIUsAM U MEXaHUYECKUM MOBPEKACHUAM, OTIMYHYIO PEMOHTOIIPUTOTHOCTh. Bee
3TH KA4ecCTBA JIETAIOT KAIOTHBIM KaTep MACAIbHBIM BAPHAHTOM JUIS BOIHBIX MPOTYJIOK, YKCKYp-
CHil M aKTUBHOT'O OT/bIXa Ha BOJIE.

MHorue crienuanyucTbl CYUTAIOT KOMIIO3UTHOE KOPaOJIeCTPOCHNE OHUM U3 CaMbIX MEPCIEK-
TUBHBIX HAIpPaBJICHUNA COBPEMEHHOIO CyJocTpoeHus. KoMIlo3uTHbIe MaTepuaibl BCE aKTHBHEE
UCTIONB3YIOTCS IS CTPOUTEIBCTBA MAIIOMEPHBIX CYJIOB, a TAK)KE TOHOYHBIX SIXT.

Cpenu riaBHBIX NPEUMYLIECTB KOMIIO3UTHBIX MAaTEPUAIIOB CIE1yEeT OTMETHUTD:

* BBICOKYIO cTeneHb npouHocTH. CoOM0AeHNe TEXHOIOTUH U TIPUMEHEHUE MaTepHallOB Be-
JOyHIAX TPOU3BOAUTENCH rapaHTHPYET MIPOYHOCTH KOMIIO3UTHOTO KOPITYCa;

* BO3MO>KHOCTb ITOJTHOT'O BOCCTAHOBJICHHS;

* BBICOKYIO TEIUIOM30JIMPYOLIYIO CIIOCOOHOCTH;

* JIETKOBECHOCTH (II0 CPaBHEHHIO C AIFOMUHUEBBIMU aHAJIOTAMH);

* BO3MOXXHOCTH (DOPMHPOBaHHSI KPACUBBIX 0OBO/IOB.

CynoctpoeHre Ha OCHOBE KOMIIO3UTHBIX TEXHOJIOTUH HMMEET OTPOMHBIC MEPCIEKTHBHI.
CKenTuKky JeNnarT aKLEHT Ha BBICOKOM CTOMMOCTH HOJMMEPHBIX KOMIIO3UTOB, HO MHOJO0HOE
MHEHHE SIBISIETCS HEYOCTUTEIBHBIM C yU4ETOM MHOTOYMCIICHHBIX JKCILTYyaTallMOHHBIX HPEeUMY-
IIECTB COBPEMEHHBIX MaTEpUAJIOB.

KomnosumonHsie Marepuanbl — UCKYCCTBEHHO CO3JaHHBIE MaTE€pHajbl, KOTOPBIE COCTOSIT
U3 IBYX WM 0Ojiee KOMIIOHEHTOB, PAa3JIHYAIOIIUXCS M0 COCTaBy M Pa3[eNICHHBIX BBIPAKCHHOW
rpaHuIeld, UMeroIre HOBbIe CBONCTBA. OTAEIBHO PaCCMOTPUM CTEKJIOIUIACTHK, OYEHb PACHPO-
CTPaHEHHBIH B CYOCTPOCHHUHU.

TexHOI0THS MPOU3BOACTBA CTEKIOIIACTHKA

OcHOBHasi 0COOEHHOCTh M3TOTOBJICHHMSI KOHCTPYKLUMH U3 CTEKJIOIUIACTHKA 3aKI0YaeTcsl B
TOM, 4TO CaM MaTepHal M M3rOTaBIMBAEMOE M3 HETO M3JENUe CO3AAI0TCS OJHOBpPEMEHHO. U3
3TOrO CJEIyeT, YTO HA CaMbIX PAaHHHUX CTAIHAX MPOCKTUPOBAHUS KOHCTPYKIUH HEOOXOAMMO
YYUTBIBATh BO3MOXKHBIE METOIbI X M3TOTOBJICHUS U UX TEXHOJIOTUIECKHE 0COOCHHOCTH.

3Ha4yMTeNbHOE yBEJINYEHUE 0ObEMOB IIPUMEHEHHS CTEKJIOIIACTHKA B PA3JIMYHBIX OTPACIISIX
TEXHUKH MPHUBEJIO K COBEPIICHCTBOBAHUIO MHOTUX TEXHOJIOTUYECKHX MPUEMOB U pa3padoTKe HO-
BBIX METO/IOB, HAIIPABJICHHBIX B IEPBYIO OYEPE/Ib:

 Ha COKpAILEHHE JI0JIU PYIHOTO TPY/Ia;

e CHIDKCHHE TPYJIOEMKOCTH M3TOTOBJICHHUS M, KaK CJIEICTBUE, YMECHBIIEHHE CTOMMOCTH W3-
TeTIus;

e IOBBIIICHNE TEXHOJIOTMYHOCTH, CTAOMIBHOCTH MPOU3BOJCTBEHHOTO MpOIIecca U KayecTBa
W3TOTOBJICHHS;

e yIIy4IlIEHHE CAaHUTAPHO-THTMEHUYECKHUX YCIIOBUH Tpy/a.

K gucity 3TUX METO/I0B OTHOCSTCS, B IIEPBYIO OYepelb, METOA HH(Y3UH, TIPU U3TOTOBICHUN
CTEKJIOIUIACTUKOBBIX KOHCTPYKIMHA TaKkKe MPUMEHSIOTCS METOJIbI KOHTAaKTHOTO (POPMHUPOBAHUSL.
OCOOEHHOCTH TIEPEYHCICHHBIX METOJIOB, UX MPEUMYIIECTBA U HEIOCTATKU M OYIyT paccMOTpe-
HBI HIKE.
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BakyymHast uHpy3us

Metoa BakyyMHON HHQY3HM NpeacTaBiIseT co0oi MeTo]l (OpMOBaHUS CTEKIOIUIACTUKOBBIX
U3JIeNUH, TIPH KOTOPOM C TIOMOIIBIO T€PMETUYHOM TICHKH, MPUIICTAIONIEH K MaTPUIIE, CO3/1aeTCs
palouasi OJIOCTh € YJIOKEHHBIM apMUPYIOLIMM MaTepuajioM (BaKyyMHBIH Mellok). B momoctu
CO3[IaETCsl BaKyyM, M 3a CUET 3TOT0 BaKyyMa CBS3YIOILIEE BTATMBAeTCA B pabOdylo MOJIOCTh U
IPONUTHIBAET apMUpYlOIKi Marepuan. Ilo cpaBHEHHMIO ¢ METOJOM KOHTAaKTHOrO (hOpMOBAHUS
MeTOA UH(PY3UH MTO3BOJISET:

* YaCTUYHO MEXaHM3MPOBATh MPOLECC 3@ CUET UCKIIIOUEHHSI ONepaluil NPONUTKU, IPUKATKU
¥ YIUIOTHEHUS] apMHPYIOIIETO MaTepualia, YMEHbIIasi TEM CaMbIM BIMSHUE YEIIOBEUECKOTO (hak-
TOpAa;

e TIOBBICUTh Ka4E€CTBO M3TOTOBJICHHS 33 CYET aBTOMATH3MPOBAHHOTO KOHTPOJIS KOJIMYECTBA
CBSI3YIOLLETO U JOCTHXKEHHUs 00Jiee BICOKOH IUIOTHOCTH YKJIAAKH CIIOEB apMHUPYIOLIET0 MaTepuaa;

e YIYYIIUTH YCIIOBHS TPYAQ, CYIIECTBEHHO CHHU3HMB BHIOPOC BPEIHBIX BEIIECTB B OKPYXKAro-
LIyI0 Cpety;

e CHHU3HTbH TPYJOEMKOCTb, COKPATUTh MPOJAOIDKUTEIHLHOCTH MTPOU3BOICTBEHHOTO IMKIIA (PH-
CYHOK).

Cxema yKiIaJIKid BaKyyMHOTO MEIIIKa B MaTpHIle KOpIryca:
1 — repMeTH3UpYIONIU KIyT; 2 — (haHen MaTpUIbL; 3 — MaTpuIla; 4 — HApy>KHBIA HECYIIHA CITOH;
5 — 3amonauTeNs (IIBX menomacT); 6 — BHyTpEeHHUH HECYIIUH CIIOH; 7 — pa3AennuTenbHas TKaHb; 8 —
nephopupoBaHHas TUICHKA; 9 — cMoJonpoBoAsIas ceTka; 10 — BakyyMHas TUICHKA

Teuenne mponecca WHPY3UH 3aBUCUT OT pa3MepoB U (OPMBI U3TOTABINBAEMONW KOHCTPYK-
LMY, TIPUMEHSAEMBIX apMHUPYIOLIMX MaTepHaloB M cBs3yrowiero. llpexne uem 3amyCTUTh 3TOT
IIPOLECC, KaK IIPABUIIO, IIPOU3BOAUTCS €r0 YMCIECHHOE MOJACIMPOBAHUE, B PE3YIbTATE KOTOPOTO
paspabatrbIBaeTcsi cTparerus UHQY3UH, T.€. ONPENeNII0TCS TOUKU M0/a4M CBSI3YIOIEro, pacmo-
JIO’KEHUE KaHAJIOB JJIS IIOJJa4M CMOJIBI, MECTa PACIIPEACICHUS BAKyyMa U T.[.

Meron nH(pY3UM TakKe MUPOKO MPUMEHSETCS JUIsl U3rOTOBJIEHHS KPYITHBIX Ky30BHBIX Jl€Ta-
el aBTOMOOMIIEH, aBTOOYCOB, BarOHOB, JICTAJICH CAaMOJIETOB, CY/IOB U SHEPIeTHUECKHX arperaTos.

MeToa KOHTAKTHOT0 (P)OPMOBAHUSA

Meto KOHTaKTHOTO (hOPMOBAHMS 3aKJIFOUACTCS B IMOCIOWHON YKJIaJKe apMHUPYIOIIEro Ma-
Tepuana (TKaHH, MaTa) B MaTpUIly, Ha IOBEPXHOCTh KOTOPOM MpeaBapUTEIIbHO HAHECEHBI aHTH-
aAT€3MOHHOE IOKPBITHE U JEKOPATUBHO-3ALIUTHBIA CIIOM TeJbKOYT. Jlajiee apMUpYyOIIUN MaTe-
pHaJl IPONIUTHIBACTCS CBA3YIOLUIMM U IPUKATHIBAETCS )KECTKMM BAJIMKOM MJIM IIIATEIEM IS ya-
JICHUSI U3 CBSI3YIOLIETO BO3AYIIHBIX BKIIOUEHUH.

[Tocne noauMepu3anuy CBA3YIOLIETO U3/EIHNE OABEPTraeTCcst TepMOoOpadOTKe, U3BICUEHUIO
U3 MaTPUIIBl 1 MEXaHUYECKOi 00paboTke.
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[IpenmyniecTBa KOHTAKTHOTO (POPMOBAHMS:

e OTCYTCTBHE OTPaHUYECHH 10 (OopMe U3rOTaBIMBAEMOTO U3/IEIIHS;

e OTHOCHTEJIbHAS MPOCTOTA W3TOTOBJICHHSI KOHCTPYKIIMH MEPEMEHHON TOJIIWHBI, a TaKXKe
BBEJICHUS B HEE PA3NIMYHbBIX YCUIICHUHN U 3aKJIa/IHBIX JeTaleH;

e CPaBHUTEILHO HHU3Kasi CTOUMOCTH OCHACTKH JIJIsi (JOPMOBAHUS KOHCTPYKIIHH;

e MUHUMAaJbHbIE KATUTAIOBIOKEHHS B 3aITyCK MPOU3BOJICTBA.

Opnaxo GospIIast 10J11 pyYHOro TpyAa 00yClIaBIUBAET CIEIYIOIIEE:

HECTaOUIILHOCTh KaueCTBA U3TOTOBJICHNUS;

e MIPOU3BOJIUTEIILHOCTH TPY/1a HEMHOTO HUXKCE;

IUIOTHOCTHU YKIJIAJIKU apMHUPYIOIIET0 MaTepraia CHIKaeTCs;

00J1ee BBICOKOE KOJIMYECTBO OTXOOB;

HEO0OXOUMOCTh B MHJMBHUIYAIbHBIX CPEJCTBaX 3alllUThl U B MOIIHOW BEHTUIISIIMOHHOM
CUCTEME.

Jlnig peanuzanuu MeTo1a KOHTAKTHOTO (hOPMOBaHUS ITUPOKO MPUMEHSIOTCS CPEJICTBA MAJIOH
Mexanm3auu. K HUM OTHOCSTCS:

® YCTAaHOBKM JUIsl TIPUTOTOBJICHHUS M JIO3UPOBAHHOM MOJauM CBSI3YIOIIETO uepe3 T'MOKHii
[JIAHT U TEJIECKOMUYECKYIO IITAHTy K BaIHKY;

® [IPOMUTOYHO-YKJIQJI0YHBIE MAIIIUHBI,

® PACTBUIUTEIHHBINA MUCTOJET U YCTAHOBKA IS [TO/IaYU CBSI3YIOIIETO C POBUHIOM.

Metoa py4Hoii (POPMOBKH

TexHoIOTHS TPOU3BOJCTBA U3CIUN U3 KOMIO3UTHBIX MOJIMMEPHBIX MAaTEPUAIOB.

B nemsix 6osiee moapoOHO M3yUEHHUST JaHHOTO METO/Ia aBTOP MPUHUMAJ ydacThe B (hOPMHUPO-
BaHUU KOpPITyca SXThl HA OJIHOM U3 3aBOJIOB BraguBocroka. SIxTa umeer HEOONIbIIYIO AMTUHY —9,9
M, TIO3TOMY OBII BBIOpaH METOJ| Py4YHOW (POPMOBKH, OH HauOoyiee MPOCT MO ammapaTypHO-
TEXHUYECKOMY CIOCO0Y 0POpPMIICHHS U3IEIIHSI.

Bb160p TeXHOIOrMU 3aBUCUT OT KOHCTPYKIIMU U3JIEJIHs, YCIOBUHM €ro SKCIUTyaTaluu, oobemMa
W3TOTOBJICHHS U UMEIOLITUXCS PECYPCOB.

CrpoutenbcTBO HaYMHAETCA ¢ POPMHUPOBAHUS AEPEBIHHON MaTPULIbl, YCTPaHEHUSI HEPOBHO-
cteil (mumdoBKH, a TaKKe C BHEITHEH CTOPOHBI PU MOMOIIIH JOIIEYeK HEOOIBIIOro pa3mMepa u
CaMOpE30B MPUTITUBAIOT HEKOTOPHIE JETAIH, UYTO MO3BOJISET CAeTaTh MOBEPXHOCTh 0OJIee POB-
HOU M3HYTPH), YCTAHOBJICHHs pedep KECTKOCTH, a TAKKE 3aKPBITUS IIEJIEH C MOMOIIBI0 CTEKIIO-
MaTepuasa, CMOJIBI M IITATICBKH.

Jlanee cTpouTcs cnenuaibHas KOMHaTa, TJe MOJACPKUBACTCS ONpeaeNieHHas TemrepaTrypa
(20 °C) c nomorpr0 00OrpeBaTENEH.

Crnenyrolum 1maroMm siBisieTcsi OpMUPOBAHUE CIIOEB KOPITYC:

1. Cmekn068010KHO U CMEKIOMKAHD.

CTexJI0TKaHb — MOJIOTHO, COCTOSIIIEE M3 MEPEIUIETEHHBIX CTEKJIOHUTEH, auamerpom 3—100
MKM, TMOJXYYEHHOE MPH TKAKOM Mpou3BojCTBE. CTEKIOBOJIOKHO MPEICTaBISIET CO0O0M BOJOKHA
WJIM HUTH, U3TOTOBJIEHHBIE U3 CTEKJIA I €r0 MPOU3BOAHbIX.

¢ BrikienBaHue KapKacHOTO CIIOSI.

Hanocutcs pactBop, cocTosmuii U3 moaudGpUpHON MM GOKCHTOLMIHONH CMOJIBI, PACTBOPH-
TeJsl U 3arycTUTENsl. 3aTeM YKIIAAbIBAeTCsl CTEKIOBOJIOKHO HYXHOU (hopMbl. TKaHb ¢ TOMOIIBIO
BaJIMKOB TPOITUTHIBACTCS CMOJIOW M 3acThiBaeT. M Takum ke oOpa3om dopMupyercs erie oJuH
CJIOM CTEKJIOBOJIOKHA, a 3aTeM CTekJoTkaHu. [locie kaxkaoro ciost Ais yaajaeHHs My3bIphbKOB
BO3/[yXa HEOOXOAMMO COBEPIIHUTH IMPOKATKY YKEJIC3HBIM BATTHKOM.

2. I'envkoym (MaTepuall, UCIOJIb3YEMBbIil JUIsl TOMy4YeHUsI BBICOKOKAaYECTBEHHON OTACNIKH Ha
BUJIUMOM YacTH).

HeobOxonuMm nist OTKPBITHS U 3aKPBITUSL MATPUIIBI IPH PYYHOM (HOPMHUPOBAHHUM U pPaCIIbLie-
HUS, BIPBICKA, TIPECCOBAHMS U OTJIMBAHUSA, a TAKXKE JJIT METOJIOB, KOTOPBIC TPEOYIOT BBICOKOM
TEMIIEPATYPOCTOUKOCTH M MEXaHUYECKHUX BO3ICHCTBHIA.

e HaHocuTcst ¢ MOMOINIBIO HIMaTeseH.

e [llmudyercs.
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3. Hanecenue nepgo2o 0ekopamueHo2o cosl.

[TepBbie ABa MyHKTA JIHIb YKPETJICHUE U BHIPABHUBAHUE MATPHIIBI.

4. Apmupyrowue mamepuanvt. Cmexkiosyas.

e Jlerko ycraHaBiMBaromasicst 1 ObICTPO MPOMOKAIOILAsl, IPUTOIHA IS IEPBOTO CIIOSI TIOCTe
JEKOPATUBHOTO TMOKPBITUS, AJIS TMPEAOTBPALICHUS MEXKCIOEBOTO MPOHMKHOBEHHUS BOJIOKOH U
MIPOYMX COOTBETCTBYIOIMIUX J1e(DEKTOB MOBEPXHOCTH.

e HanocuTcs cioil apMupyromero Mmarepuana.

Jlanee moBTOpsieTCS MEPBbII MYHKT.

5. Cmexnomxansb u CMeKi1080A0KHO.

6. Kopemam.

Temmonzonupyromuii MaTepuai Ui 3alUThl OT XOJIO/Ia U BJIard, a TakKXe JJIi CMSTYeHHs
HEPOBHOCTEM.

e Kak ¥ B mpeIbIIyIuX MyHKTax, (OPMUPYEM C MOMOIIBI0 PACTBOpPA CMOJIBI U MaTepuaia
HYKHOH JUTMHBI U IIIUPHUHBI €111€ OJIMH CIIOH.

7. Cmekno6010KHO.

8. Vkpennenue camoco xopnyca.

e B 3aBHCHMOCTH OT pa3Mepa CyJJHa HAaHOCHUTCS €IlIe HECKOJbKO CJIOEB, KOTOPBIE COCTOAT U3
CTEKJIOBOJIOKHA, CTEKJIOTKaHU U Kopemara.

9. Omoenenue kopnyca om mampuyuwl.

e B marpuiie co3arTcs OTBEpCTHUsi, B KOTOPbIE MOJAETCS BO3AYX.

e C MOMOIIIBIO KPaHa KOPIYC Cy/IHA BBITATUBAIOT BBEPX.

10. Iloxpacka u winugosxa kopnyca.

O6a meToa UMEIOT MPEUMYIIECTBA U HEJOCTATKU, MMO3BOJISIIOIINE MOJTy4YaTh OOJBIION ac-
COPTUMEHT TPOAYKIMH TPUBJICKATEIHPHOIO BHEIIHETO BHJA. METOJOM BaKyyMHOH WHQY3UU
BO3MOXXHO BBIITYCKaTh CKOPOCTHBIEC SIXTHI U MPOTYJIOYHBIE CyAa JAOBOJIBHO OOJBLINX Pa3MEpOB.
[Tpu mpow3BOACTBE KOPIyca METOIOM BaKyyMHON MH(Y3UH JTOBOJBHO MPOCTO BHINTH HA 0OJIb-
mue 00bEMBI MPOU3BOJACTBA, TaK KAaK METOJ TEXHOJOTMYEH U He TpeOyeT OoNblInX 00bEMOB
pyuHoro Tpyna. [Ipu mpou3BoACTBE METOJAOM PYYHOH (OPMOBKH, HAIPOTHB, OYCHD TSKEIIO CO-
KpPaTUTh JIOJII0 PYYHOTO TPY/a B MPOU3BOACTBE U U3-32 STOTO BBHIUTH Ha OOJbIINE OOBEMBI.

CrnemyeTr OTMETHTD, YTO Pa3JIMYHbIE TEXHOJOTMH COOTBETCTBYIOT Pa3HBIM O0JIACTSIM U YCIIO-
BUSIM IPUMEHEHUs u3enuil. Boimyckaemble u3aenus He KOHKYPUPYIOT, a IPU3BAHBI YIOBJIETBO-
PUTH IUPOKHUE MOTPEOHOCTH WHINBHyAJTbHOTO M MaCCOBOTO MOTPEOJICHUS.
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2. http://composite-prof.ru/o_stekloplastike/tehnologiya-proizvodstva-stekloplastika/.

3. http://www.composite.ru/materialy l/smoly poliefirnye/smoly dlya izgotovleniya osnast
ki/frp_mould/.

4. http://composite.ru/files/vybor kompozitov_dlya sudostroeniya.pdf.
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COMPARISON OF INNOVATIVE METHODS OF FORMATION OF THE HULL.
COMPOSITE MATERIAL

The paper reveals the advantages and disadvantages of two methods of formation of innovative hous-
ing sun, as well as transit of composite materials.
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T.1O. [lepensirun
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HNCITIOJIB30BAHHUE CAIIP ITPU TIOAT'OTOBKE CIIEHUAJIMCTOB
CPEJHEI'O 3BEHA

3D-mo0enuposanue npouUHoO 80UILO0 8 HAULY HCU3Hb, YACUYHO UIU NOJHOCMbIO NEPecmpous HeKomo-
pbie 6uodbl npouzeoocmea, obyuenus, ousneca. Mzyuenue 3D-mexnonoeuii 06ycio6ieno npakmuyecKu no-
BCEMECMHBIM UCNONb308AHUEM MPEXMEPHOU epapuKy 8 pa3IuyHbIX chepax OeamenrbHOCmU, 3HaAHUe Ko-
MOopol CMAaHo8Umcs 6ce 6o0/1ee 3HaUUMbIM 0715 NOTHOYEHHO20 PA38UMUs TUYHOCIU.

UcnonwszoBanne 3D (TpéxMepHBIX) MOjENEH pealbHBIX MPEIMETOB — 3TO COBPEMEHHBIN
croco0 nepenaun MHGOPMALUK, KOTOPBIA MOXKET CYIIECTBEHHO MOBBICUTH 3(PPEKTUBHOCTH 00Y-
YEHMsI, KPOME ITOr0 MOKET CIIY>KUTh OTJIMYHON WMJUIIOCTpAlUEil MpU MPOBENECHUHU JIOKJIAJ0B U
npe3eHTaluii. TpexMepHble MOAETH — 3TO 00s3aTEIbHBIN 3JIEMEHT MPOEKTUPOBAHUS COBPEMEH-
HBIX TPAHCIIOPTHBIX CPEICTB, MHTEPHEPOB, APXUTEKTYPHBIX M MPOMBIIUICHHBIX MOZENeH u T.71. B
JTAHHYI0 OTPacilb BKIFOUYEHO MHOKECTBO IPOTPAMMHBIX MAKETOB, CAMbIE U3BECTHBIE U3 KOTOPBIX
Autodesk Autocad, SolidWorks, KOMITAC-3D, Autodesk Inventor.

PaccMoTpuM nprMep NoAroToBKH cnenuanucra cpeanero 3seHa npu nomou CAIIP. Boc-
MOJIb3yeMcCs IporpaMMHBIM obecriedeHrem Autodesk Inventor.

JlaHa 3a71aya — U3rOTOBJIEHUE [IUTULIEBOTO Baa.

JJist TOTrO0 HEOOXO0IUMO:

1) pa3paboTaTh TEXHOJIOIMUYECKHUH MTPOLIECC U3TOTOBICHUS JETANIHN;

2) pa3zpa0oTaTh MapIIPYTHBIM TEXHOJIOTUYECKHII Mpoliece;

3) BbIOpaTh TEXHOJIOTHYECKOE 000PYAOBaAHNUE;

4) pa3paboTaTh TEXHOJOTHUYECKYIO JOKYMEHTAIMIO: MAapHIPYTHYIO KapTy, ONEpaIOHHYIO
KapTy U KapTy 3CKHU30B;

5) IPOKOHTPOJIMPOBATH TOUHOCTH U3TOTOBJICHHUS.

Pa3pa0oTka TeXHOJ10IMYeCKOro nmpouecca U3roToBJIEHUs AeTalu

nuieBoii Ban npeHa3HayeH AJs NepeJauu KpyTAIIero MOMEHTa C IIOMOIIBIO IIUIUIIEB, pa-
JIMAJIbHO PacCMOJIOKEHHBIX Ha noBepxHocTu. ObnanaeT OONbLIONW MPOYHOCTHIO, 0OEeCreYrBaeT
COOCHOCTD Bajla U OTBEPCTHUS C BO3MOKHOCTbIO OCEBOT'0 IIEPEMELIEHMSI IETAJIA BJIOJIb OCH.

B npouecce skcrutyaTanuu Bajl oABEPraeTcst BO3AECHCTBUIO HArpy30K, paboTaeT npu 00ib-
LIMX CKOPOCTAX M CPEOHMX JABICHMSIX. JDTO LIEMEHTHpPYEMasl I€Talb C BBICOKON TBEPIOCTHIO U
HEBBICOKOH MPOYHOCTHIO CEPALIEBUHBI, IOATOMY MOXHO CZEJIaTh BbIBOA, O TOM, YTO MaTepHuail u
TEpMOOOPAOOTKA JOIKHBI 00ECTIEYUTh BHICOKYIO MPOYHOCTh J€TaIH, M3HOCOCTOMKOCTh PabOUYMX
noBepxHocre. B cBs3u ¢ 3TiM B kKauecTBe MaTepuania npunsara craib 45 [OCT 1050-80.

Br10op Buaa u cnocoda nmosryuyeHust 3aroTOBKU

HecmoTtps Ha TO 4TO KOA(PPHULUHMEHT UCIIOIB30BaHUs MaTepUalla y IOKOBKHU BbIIIE, BEIOUpaeM
3aroTOBKY M3 IPOKaTa, TaK Kak ce0ECTOMMOCTh MPOKaTa HUXKE, YeM Y MOKOBOK, KOTOpbIE TpeOdy-
10T U3rOTOBJICHHSI CIIEUAIBHOIO IITAMIIA, TAK YTO HanboJjee palMoHaIbHbBIM CIIOCOOOM IOJTyye-
HUS JeTalM SIBJISETCS mpokaT. BeiOupaem npyTok @56 MM U3 ropsuekataHOW CTald KpPYyTioro
npoQus.

Yeprex neranu

[Ipoananu3upoBaB YepTeX J€Talli, PUCYHOK, MOKHO C/IE€IaTh BBIBOJ O TOM, YTO JI€Tallb SIB-
JsieTcss TeXHOJornyHOW. KOHCTpYKIMS MMEeT MOBEPXHOCTH, YAOOHbIE Ui 0a3upOBaHUS M 3a-
KpEIUICHHsI NIpY yCTaHOBKE Ha CTAaHKax. /loCTYNHOCTh BCEX MOBEPXHOCTEH i 0OpabOTKH Ha
CTaHKaxX M HEMOCpPEeACTBEHHOro m3MepeHus. KoHcTpykuus aeranu obecrnieyrMBaeT HOPMAaJIbHBIN
BXOJ] U BBIXO/J] PEXKYIIEr0 HHCTPYMEHTA.
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Kanunalas Pooeam A4

Pa3paborka MapmipyTHOro TeXHOJIOTH4€eCKOI0 Npouecca
ObocHOBaHME TOCIIENOBATEIHLHOCTH 00pabOTKH MOBEPXHOCTEH 3arOTOBKH BEAYT C yUETOM
KOHCTPYKTHUBHBIX OCOOCHHOCTEH JeTaiau U TpeOOBAHUH K €€ KayecTBY, COCTaBa MEPEXOO0B 10
00paboTKe TOBEPXHOCTEH 3arOTOBKH U €¢ 0a3upoBaHMs B TEXHOJIOTMYECKOM IpoLecce, HE0OX0-
JUMOCTH TEPMUYECKON 00pabOTKH, YCIOBHIA OpraHU3aliK IPOM3BOICTBEHHOIO Mpolecca U Ap.
Bp100p TeXHOI0IrN4eCKOro 000py10BAHUA
e OTpe3HOil CTaHOK.
TokapHbIi CTAaHOK.
®pe3epHO-LIEHTPOBAIbHBIN CTAHOK.
KpyronuugoBanbHblil CTaHOK.
Moeynas mammHa.
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B paboueii cpene Autodesk Inventor 6pU1 cO3AaH TOKapHO-BUHTOPE3HBIM HACTOJIBHBINA CTa-
Hok TB-16. Ha nannom cranke OyaeT mpoaeMOHCTPpUPOBAHA TOKapHAs omepanus 00padoTKH 3a-
TOTOBKM B IIUTMIIEBOU BaJl.

B Hauaye TeXHOJIOrHYECKOro MpoIiecca 3aKperuisieM 3aroTOBKY B IIMUHICIE CTaHKA, 3aKpe-
IJIICM MHCTPYMCHT. I[anee C 3aroTOBKH yaaJIsICM HaI/I6OHLIHI/Ie IpUITyCKH, 9TO CHOCO6CTByeT I1e-
pepacnpeneneHnI0 0OCTaTOYHBIX HAMPsHKEHUN B MaTepuaie 3aroToBku. HamedueHHas mocnenoBa-
TEJIBHOCTh 00pabOTKM MOBEPXHOCTEH 3arOTOBKH TO3BOJIIET COCTABUTh MAapUIPYT TEXHOJIOTHYE-
CKOTO TIpollecca M3rOTOBJICHUS JIETAIM B BUJC CIIMCKA MEPEXOJI0B C COOJIOACHUEM TOCIEI0BA-
TEJIBHOCTH WX BBIITOJHCHHUSI.

MapuipyTHbId TEXHOJOTHYECKUN TPOIIECC JaHHOW JeTald IMPEICTaBICH B MapIIPyTHOU
KapTe TEXHOJOTHYECKOTO MPOoIecca N3rOTOBICHUS ACTANH.

Coneprkanue ornepanuu:

1. YcTaHOBHTH M 3aKPEIIUTH 3arOTOBKY 9. YCTaHOBUTH | 3aKPENHUTH 3arOTOBKY
2. TounTts Topert (1), 1 =90 mm 10. Tounts moBepxHocTh (7), | =22 Mmm
3. Touuth moBepXHOCTH (2), | =20 MM 11. Tounts moBepxHOCTH (8), 1 =21 Mm
4. TounTs IOBEpXHOCTH (3), | =3 MM 12. Tounts moBepxHOCTH (9), | =3 MM
5. Tounuts noBepxHOCTH (4), 1 =3 MM 13. Pactounts ¢acky (10), 2 x 45°

6. Pactounts dacky (5), 2 x 45° 14. Pactounts ¢acky (11), 1,6 x 45°

7. Pactouuts dacky (6), 1,6 x 45° 15. Konrpous pazmepa

8. YCTaHOBUTH U 3aKPENUTH 3aTOTOBKY 16. CHATB 3aroTOBKY

KoHTpoJib TOUHOCTH U3TrOTOBJIEHUS

ToyHOCTH M3rOTOBJICHHS Bajia MPOBEPSIOT B OMPEEICHHON MOCIEI0BATEIbHOCTH: CHavaIa
OTIPEICIISAIOT MPABUIIBHOCTH (DOPMBI TIOBEPXHOCTEH, 3aTEM MX T€OMETPUUYECKUE Pa3MEPHI U TIOTOM
UX MoJoxxeHus. Takasi mocieq0BaTeIbHOCTh HEO0X0IMMa ISl TOTO, YTOOBI MOXKHO OBUIO MyTEM
WCKITFOUYCHHMS TTOTPEITHOCTEH M3MEPATh C HAauOOJIbIIeH TOYHOCTHIO TOT IMapaMeTp, KOTOPHIH He-
00X0AMMO MTPOBEPUTH.

3akiloueHnne

[IpencraBneHsl 00yyaronye aHUMAIMOHHBIE POJUKU C UCIIOJIB30BaHUEM JTAHHOTO MPUMEpa,
KOTOpBIE HATJISTHO MPOJIEMOHCTPUPYIOT Tpoiiecc 00padOTKH 3aroTOBKH B KOHEYHYIO JI€Tajlb —
[TAIICBOM Bal.

CHHCOK HCII0JIb30BAHHOM JIMTEPATYPbI

1. I'puropsesa E.B., Crenanuenko C.5. OCHOBBI TEXHOJIOTUH MalIMHOCTPOEHMs. Biaauso-
ctok: [lanppeioBTY3, 2016.
2. I'puropseBa E.B. Umxenepnas rpaduka. Bnagusoctok: lanspeioBTy3, 2009.

T.Y. Perelygin
Dalrybvtuz, Vladivostok, Russia

THE USE OF CAD IN THE TRAINING OF SPECIALISTS
OF MIDDLE MANAGEMENT

3D modeling has become a part of our life, partially or completely restructuring some types of pro-
duction, training, business. The study of 3D technologies is due to the almost universal use of three-
dimensional graphics in various fields of activity, knowledge of which is becoming increasingly important
for the full development of the individual.
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CJOXHBIE JE®OPMALINN

Paccmampusaromes ocrosHble acnekmol, C8A3aHHbIE CO CNONCHBIMU Oedopmayuamu demanetl u y3-
7108, 8 MOM HuCle U & cyoomexanuueckol obnacmu. Packpviearomes ocobennocmu nOHAMUSL «CLOANCHOE
HazpyoceHuey. OOOCHOBAHA AKMYANLHOCb UCCAEO08AMENLCKUX NPOYECCO8 8 00AACHU CONPOMUBTEHUA
MAmepuanos CLoACHbIM 0epopmayusm.

PeanbHble KOHCTPYKILIMH, a TAK)KE UX SJIEMEHTHI HE SBISAIOTCS a0COMIOTHO TBEPABIMH U O]
JEHCTBUEM NPUIIOKEHHBIX CHJI MOTYT U3MEHATh CBOE IOJIOKEHHUE B npocTpaHcTse. [lepemerie-
HHUE — U3MEHEHHUE TOJI0KEHHUS B IPOCTPAHCTBE TOUYKH MIIH ITONIEpEevHOro ceueHus. Jledopmarms —
u3MeHeHne GopMbl U pa3MepOB KOHCTPYKILUU WM JIEMEHTA MOl I€UCTBUEM MPUIIOKEHHBIX CHIL.

B ycnoBusix skcmityatauy Bce KOHCTPYKLUH MOJIBEPKEHHbBIE HArPYKEHUIO 1e(hOpMUPYIOT-
csl B TOM wiu MHOM creneHu. He Bcerna 3To MOXXHO 0OHApYKUTh BU3YaJbHO, HO YUYUTHIBATD JIaH-
HbIe 1ehopMaIi HE0OX0AUMO 0053aTENBHO.

Hucuumnuna «ConpoTHBICHHE MaTepHAIIOB)» PAaCCMATPUBAET KaK MPOCTHIE, TAK U CIIOKHBIE
BubI geopmanuii. VI3BeCTHO, UTO 3JI€MEHTHI peaibHbIX KOHCTPYKIIHI Yallie BCEro MoABEpraoT-
Csl CJIO’KHBIM BHEIIHUM Harpy3KaM, BbI3bIBAIOIINM HaNpsKEHUS pa3HOTO XapakTepa, B pe3yJibTa-
T€ Yero UMEET MECTO COBMECTHOE MPOSIBIICHUE WUJIM COYETaHHE MPOCTHIX BUAOB Nedopmanuid. Ha
NPAaKTUKE YacTO MPUXOIUTCS UMETh JEJI0 C COYETAHUEM OCHOBHBIX Ae(opMainuii — pacTsKeHUEM
WIN C)KaTHEeM, U3THOOM, KPYyIEHHUEM, CPE30M H JIp.

Takum obpazom, Buj AepopMaIii CUUTACTCS CIOKHBIM, KOT/Ia B TIONIEPEYHOM CEYEHUU MO-
JIeNIH TPEACTaBIEHHON OpycoM, CTep>KHEM, OaJIKOW U IPYTUMHU MOJESIMHU, BOZHUKAIOT JBa U 00-
jee BHYTPEHHUX CHIIOBBIX (hakTopa. 3a/laud CONPOTHBICHHUS MAaTepHAIOB B TAKMX CIy4yasX CBO-
JTCS K OTIPEeNICHUI0 CYMMAapHBIX HAMpsHKEHUI OT pa3HbIX BUJIOB Ae(opMaluii U Harpy30K, Npu
STOM MPUMEHSIIOTCS Pa3HbIE METOIbI U TIPUEMBI.

B mpaktuke 3a4acTyr0 BCTPEYAETCs IOHATHUE «CJIOKHOE HArpy>KeHHe». JlaHHBIA TepMHUH
UJICHTUYEH TIOHSATHIO «CJIOKHBIEC JeQOopMalum», a, CIeI0BATEIbHO, U MPUHIUIT UCCIIEI0BATENb-
CKUX MpoleccoB. B pe3ynbrare pacuer 371€MEHTOB IPHU CIOXKHOM COINPOTUBJICHUHM BEAETCA B
paMKax MPUHIMIIA HE3aBUCUMOCTH JielicTBUA cuil. Kaxkaplil U3 MpOCTHIX BUIOB CONPOTHUBIICHHUS,
BXOJISIIIMX B COCTaB CJIOXHOI0, PACCMATPUBAETCS] HE3aBUCHUMO OT OCTAJIbHBIX, a 3aTEM OIpeaes-
eTCsl CYINEpHO3ULIMs UM CyMMa IMOJyYEHHBIX PELIEHUI IJIs ONpeaesieHUs] BHYTPEHHUX YCHIIUH,
nedopManuii, HarpsHKEHW U APYTUX MPOYHOCTHBIX MapaMeTPOB.

XapaKTepHbIM BUIOM CJIO0XKHOTO CONPOTHUBIICHUS SBISAETCS IJIOCKUNA KOCOW M3TU0 (YacTHBIH
CiIyuaii), BHEIICHTPEHHOE PACTSOKEHHE (WIIH CKAaTHE), KPYUYCHHE ¢ M3rMO0M, COUETaHUE PaCTsIKe-
HUS ¥ COKaTUSl IIMIMHAPUYECKUX MPYKUH U Ipyrue. PaccMOTpruM HEKOTOpBIE U3 IEPEUNCIICHHBIX.

[Tnockuit Kocoil U3rud MOXKHO paccMaTpUBaTh KaK COYETAaHHE IBYX HPAMBIX M3rHMOOB, BbI-
3BaHHBIX M3rHOAIONIMMHA MOMEHTaMH OTHOCHTEIHHO TJIABHBIX IIEHTPAJIBHBIX OCEH MHEPLHHU TO-
MEPEYHOr0 CEUEHHUs KOHCTPYKIUU WU 3JIeMEeHTa KoHCTpykuuu (puc. 1, a). Cnoxnas nedopma-
1Sl COBMECTHOTO JICUCTBHUS HA KOHCTPYKIHUIO U3rnba U KpyueHHs B TIONIEPEYHOM CEYEHUU KOH-
CTPYKIIMH BBI3BIBACT MPOTHUBOJACHCTBHE BHEIIHUM CHJIAM B BHJE JBYX BHYTPEHHHX CHIIOBBIX
(hakTOpOB, @ UMEHHO M3THOAIOIIETO U KPYTSIIEr0o MOMEHTOB (puc. 1, 6).

N3rub ¢ pacTsokeHneM — YaCTHBIN CiTydail CII0’KHOTO CONPOTHUBIICHHUS, IPU KOTOPOM Ha OpycC
JEMCTBYIOT MPOJOJIbHBIE U TONEpEeUYHble HArpy3KH, NepeceKarolue ocb Opyca. BHenenTpenHoe
pacTsbKeHHE — YacTHBIN cilydail u3ruba ¢ pacTsiKeHHEM, MPU KOTOPOM OpyC pacTsAruBaeTcs Cu-
JaMH, apajieIbHBIMUA OCH Opyca Tak YTOOBI X PaBHOACHUCTBYIONIAS HE COBIA/aja ¢ OChIO Opy-
ca, a MPOXOIUT Yepe3 TOUKY Ha3bIBAEMYIO MOJIIOCOM CHJIBI (pHC. 2).
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a

Puc. 1. Cnoxsble nedopmarnun: a — KOCOH u3rud Oanku; 6 — neiicTBre Ha Bal

C KpPUBOIIUIIOM JiepopMariuii M3rud u KpydeHune

3

1

B EE e

Puc. 2. Ilpumeps! aetaneii u y31n0B, paboTalOUIMX NPH BHELIEHTPEHHOM Harpy KeHUH:
a — OONT — KOCTBUIb; 6 — IPY’KUHA CLEIUICHUS; 6 — CBAPHOE COCTUHEHHUE

HccnenoBanue cioxHbIX AedopMauil MPOU3BOIAT € MOMOIIBIO TeOopHil mpoyHocTu. K HUM

OTHOCATCS] TEOPHUU:
1) Teopusi HAMOOIBIINX HOPMAIILHBIX HANIPSKCHUH;
2) Teopust HAMOOIBIINX Je(opMaIHii;
3) Teopust HaMOOJBIINX KacaTeIbHBIX HANIPSHKCHUIA,

4) Teopust HanOOJBIIEH yIETBHON MOTEHIINATLHON YHEPTUU (POPMOU3MEHEHHS;

5) Teopust Mopa.
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N3 Bcex BhINIENEPEUNCICHHBIX TEOPUA TPOYHOCTH HanbOoIee MOTHOM, TOYUHON B BCEOOBEM-
mrouieit siBisiercs Teopus Mopa. Bee monoskenus 1aHHOM Teopur ObLTH IPOBEPEHBI IKCIIEPUMEH-
TanbHO. OHA MOIXOIUT KakK ISl IPOBEPKHU MPOYHOCTH XPYNKUX MaTepPHANIOB (4yTryH, O€TOH, KHp-
Nu4), TaK ¥ U9 IPOBEPKHU HA MPOYHOCTh IIACTUYHBIX MAaTepUaOB (HU3KOYTJIEPOAUCTAsl CTAIIb).
Teopust HanOOIBIINX HOPMATBHBIX HAMPSKEHUN U TEOpHsl HAaUOOIbIINX AepopMaIuil MOIX0IUT
TOJIBKO IJIsI MPOYHOCTHOI'O aHa/In3a XPYIIKUX MAaTCpruajioB, HpI/I‘-IéM TOJIBKO IJId KaKHUX-TO OIIpC-
NeJEHHBIX YCIIOBUN HArpy»KeHHsI, €Clii TpeOOBaTh MOBBIIIEHHYIO TOYHOCTh pacuéra. BoT mosto-
My TEpBbI€ JIB€ TEOPUU NMPOYHOCTH MPUMEHATh HE peKoMeHAyeTcs. Pe3ynbrarhl Teopuu Hau-
OOJBIINX KacaTeIbHBIX HANPSHKEHUN U TEOPUH HAUOOJbIIEH YASIbHON NOTEHIIMATBHON SHEPTUU
(bopMOn3MEHEHHS MOYKHO TIOTYYHTh B HEKOTOPBIX YACTHBIX CIyYasiX HarpyXeHHs MpH MpPUMEHe-
HUM Teopur Mopa.

B wutore, cnoxnas nedopmanusi — couetanue IByX M Oojiee BUIOB HArpy>KEHUS WM MpPO-
cThIX nedopManuii. bombIioi nmepedeHb KOHCTPYKIUH, B TOM YKCIE U B CyJIOMEXaHUYECKON 00-
JIaCTH, UCHBITBIBAIOT CJIOKHOC HAI'Py>KCHUC. HpO‘-IHOCTI) JAaHHBIX KOHCTPYKIII/Iﬁ U UX 3JICMCHTOB
HANPSIMYIO 3aBUCUT OT KOPPEKTHOCTH MOI00pa MPOYHOCTHBIX YCIOBUN MCXO/S U3 TEOPUU MPOU-
HOCTH Y TIPOBEPKHU MOJOOpaHHBIX MEXaHUYECKMX XapaKTePUCTHK DKCIEPUMEHTAIBHO B J1abopa-
TOPHBIX ycNOBHAX. He3aBUCHMMO OT KOH(UTYpaluu OeTaad W YCJIOBHI €€ dKCIUTyaTalldd y4eT
CIIOKHBIX JiepopMaliuii BaxkeH IJIs JaIbHEUIINX KPUTEPUEB HAJCKHOCTH U pabOTOCIIOCOOHOCTH,
K KOTOPBIM OTHOCUTCSI ¥ TIPOYHOCTb.

CnMcok Mcnosib3yeMo JIMTepaTyphl

1. ®eonockeB B. 1. ConporuBieHne MaTepuaoB: yueOHUK A1 By30B. 10-e u3a., nepepad.
u gomn. M.: U3n-so MI'TY um. H.D.baymana, 1999. 592 c.

2. AnekcauapoB A.B. ComnporuBiieHne MaTepUaioB: y9eOHUK it By30B / A.B. Alekcan-
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mK., 2003. 560 c.

A.M. Plotkin
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DIFFICULT DEFORMATION

This article discusses the main aspects related to complex deformations of parts and assemblies, in-
cluding the ship mechanical area. The article reveals the peculiarities of the concept of «complex load-
ing». The urgency of research processes in the field of materials resistance to complex deformations is
considered.
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JTE®OPMALMSA JETAJIENR B CYTOMEXAHUYECKOI OBJIACTH

B cospemennom mupe uzyuenue degpopmayuu 0emaneil a6asemcs NPUOPUMEmHbIM, 8 THOM Yucie u
Oepopmayuu demaneil 8 CyYOOMeXaHu4eckol 0oaacmu.

Hedopmarust — n3meHeHue (Gpopmsl, pa3MepoB Tella Mo ASHCTBUEM IPUIIOKEHHBIX K HEMY CHIL.
Jluneitnas nedopmaiyisi — U3MEHEHUE JTUHEHHBIX pa3MepoB Tena, ero péodep. Jluneiinbie
pa3Mepsl Tejla MOTYT U3MEHSTHCS OJHOBPEMEHHO B OJJHOM, ABYX WJIM TPEX B3aWMHO MEPIEHIU-
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KYJISIPHBIX HampaBJICHUSIX, YTO COOTBETCTBYET JIMHEHHOW, TUIOCKOH M OO0BEMHOM IedopMariiu.
Jluneitnas nedopmarivs, Kak MpaBUiIO, COMTPOBOXKIAETCS U3MEHEHUEM 00bEMa Tena.

VYrnoBas nedopmanus — I3MEHEHHE YIJIOBBIX Pa3MEpOB Teja, YIIOB HAKJIOHA ero rpaHeii. B
pe3yibTaTe yriioBoi aedopmariuu MporCcXOoAUT B3aUMHOE cMelieHue rpadeit. [1pu aTom nzmeHns-
eTcsi TONbKOo (popma Terna, 00bEM COXpaHAETCs HEU3MEHHBIM.

JluneitHast nedopMmalus CBsizaHa MPEUMYIIECTBEHHO C JCWCTBHEM HOPMATbHBIX HaIpshKe-
HUH, YTJIOBasl — C IEUCTBUEM KaCaTEJIbHBIX HAIIPSKEHUN.

Pactspkenue (cxxarue) — aedopmanysi, BO3ZHUKAIONIAS IO/ ICUCTBHEM B MOMEPEYHOM Ceue-
HUH TOJIBKO MPOJOIBHOMN (PacTArMBAIOLICH UIH CKUMAIOLIEH) CHITBL.

HampspokeHne BIoJb ocH MPSAMO MPONOPIMOHATIBHO pacTAruBaroliel (CxuMarolei) cuie u
00paTHO MPONOPIMOHATIBHO IUIOMIAIM HomnepeuHoro ceuenus. [Ipu ynpyroit nepopmanuu coort-
HOILIEHHE MEXIy HaNpsHKEHUEM M OTHOCHUTENbHOU NedopManiueit onpezensercs 3akoHoM ['yka,
IIPH 3TOM TIONEPEUHBIE OTHOCUTENbHBIE JAe(opMaIiii BBIBOASITCS U3 MPOAOIBHBIX MyTEM YMHO-
xeHus ux Ha xkodddunuent [lyaccona. [Tnactuueckas nedopmanus, IpeameCTBYOIas pa3py-
LICHUIO YaCTU MaTepHalla, ONUCHIBACTCS HEMMHEHHBIMU 3aKOHAMH.

B cynomexanudeckoit 00JacTH € JETalsIMH MPOUCXOAUT OOJIBIIOE KOJIMYECTBO Jedopma-
uii. PaccMoTpum Ha mpuMmepe u3ruba u CKpy4uBaHus matyHa (puc. 1).

[MaTtyH, UCTIONHSIOMMUNA POJIb CBOCOOPA3HOTO «TOJIKATENsA», SIBISETCS HECOMHEHHO OYEHb
BA)KHOM YaCThIO KPUBOLIUITHO-IIATYHHOIO Me€XaHu3Ma. Ero mojomMka MOXET NPHUBECTH K TaKUM
MOCJIEICTBHSIM, KaK MTPOOOMHBI B OJIOKE IMIMHIPOB, KOTOPHIE MHOTIa HEBO3MOXKHO OTPEMOHTH-
poBath. OTCIOfa CJEAyeT, YTO BBIXOJ M3 CTPOs IIAaTyHa MOXET IMOBJEYh 32 co0oit 3ameny bBII.
CrnenoBarenbHO, BhISIBICHUE A€QEKTOB B IIATYHE IPU PEMOHTE KpaifHe BayKHBIN MPOLIECC.

[TprurHB BO3HUKHOBEHUSI HEHMCIPABHOCTEH: OONBINON MpoOer ABUraTes, TUAPOYIap, Mo-
najjaHue B HWJIUHAPHI TOCTOPOHHUX MPEAMETOB, pa3pylICHUE KiIanaHa

Meroapl TMAarHOCTUKKA M YCTPAHEHHA: NPOBEpKa I'€OMETPUHU IIAaTyHa OCYILECTBISECTCS Ha
PACTOYHOM CTAHKE WJIM C IMOMOIIBIO JICKAIILHON JTUHEWKH; MPU HAMWYUU JedopMaluy MaTyHa
€ro MO>KHO BBINPSIMUTB, €CJIA 3TO HE MOJIy4aeTCs, PEKOMEHIyeTCs 3aMeHa IaTyHa; €CJIM BO3HUK-
JIa Takasi HEUCIIPaBHOCTh, PEKOMEH/IyeTCsl TaKXKe MPOBEPUTH KOJICHBAJ Ha OMEHUeE.

Puc. 1

HlaTyHbl, UMeIOLIME HEMapauIeIbHOCTh, MU3TU0, WIN MEPEKoC, CKpyuYMBaHHUE, BEpXHEH ro-
JIOBKM IIaTyHAa OTHOCHUTEIBHO HMKHEW, BBIXOJAIIME 32 JIOMYCTUMBIE pa3Mepbl, MOJJIekKaT BOC-
CTaHOBJICHUIO WM BbIOpakoBke. [IpaBUTh MIaTyHBI B XOJIOHOM COCTOSIHUM HE PEKOMEHIyeTCs,
MOTOMY YTO Takas IpaBKa HE 00eCreYrBaeT CTAOMIBHBIX Pe3yIbTaToB. JlomyckaeTcs mpaBKa Ia-
TYHOB € IIOJIOTPEBOM CTEpKHs A0 Temneparypsl 450—600 °C.

Ha crenmann3upoBaHHBIX MOTOPEMOHTHBIX MPENNPUATHAX U MPOBEPKU IIATYHOB MCIIOIb-
3YIOT CIIEIUAIBHBIE ONITHYECKUE IPUOOPHI HIIM WHANKATOPHBIC MpUciocobnenus tumna 9570-157-1,
(puc. 2). [IpucrnocobaeHre cOCTOUT U3 IJIUTHI 7 ¢ MPU3MOM / U KpOHIITEWHA 5, HA KOTOPOM pac-
MOJIOKEHBI YeThIPEe WHAMKATOpA YaCOBOT0 THIA. /[Ba MHIUKATOpa 4 YCTAaHOBJIEHBI BEPTUKAIBLHO U
JIBa MHJMKATOpa 6 — TOPU30HTAIBHO, TaK, YTO OCH MX B3aHMMHO NEPIEHIUKYJApHbL. B oTBepcTus
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HIDKHEH U BEpXHEW T'OJOBOK MPOBEPSAEMOro IIaTy-
Ha BCTaBJISAIOT OMpaBkH 2 U 3, 3aTeM HIaTyH yKIa-
JBIBAIOT ONpaBKOM 2 Ha npusMmy / U ompaBKoil 3
HAKJIOHHO TOJBOJAAT K YHNOpPY U H3MEpPHUTENIbHBIM
CTEpXHSIM HMHIUKATOpOB. Pa3HOCTh B moOKa3zaHUSAX
BEPTUKAJIBHBIX HMHIUKATOPOB 4 OTMeuYaeT HU3rud
1IaTyHa, a pa3HOCTh B IOKA3aHUSAX TOPU30HTAJIb-
HBIX HMHJIHUKAaTOPOB 6 — €ro CKpy4dyeHHOCTbh. llepen
HM3MEPEHUEM MHIUKATOPbl YCTaHABIUBAIOT IO CIIe-
IUaJIbHOMY OJTaloHy. Takoe mnpucnocodieHue
MPUMEHUMO JUIsl KOHTPOJS TOJIBKO OJHOTO THIIO-
pa3Mepa maryHa. Jlomyckaemasi CKpy4eHHOCTD II1a-
TYHOB TPAaKTOpHBIX ABurareneil B npexaenax 0,05-
0,08 mm, aBTromMoOuIbHEIX — 0,04—0,06 MM Ha 100
MM JUIMHBI, TI0 OCH OINIPAaBKH, BCTABJICHHON B OTBEP-
CTHE BEPXHEHM TOJIOBKM LIaTyHa, a JOIyCKAaeMbII
u3rub — 0,03-0,05 MM a1 mIaTyHOB TPaKTOPHBIX

neurarenei u 0,02—0,03 MM 111 aBTOMOOMIBHBIX Puc. 2. Tpucniocodnenue 9570-157-1
Ha 100 MM JJTUHBI. AJIL KOHTPOJISA TCOMECTPUUCCKUX MMapaMETPOB

Cnucox uCnoIb30BAHHOM JIUTEPATYPHI

1. Accommaniusi EAM [OnektponHslii pecypc]. Pexum pocryna: http://eam.su/vidy-
deformacij-detalej-rastyazhenie-szhatie-sdvig-kruchenie-izgib.html.

2. OOcny>XrBaHUE JBUTATEICH W TOIUTMBHOM ammapaTypbl [DJIeKTpOoHHBIA pecypc]. Pesxxum
nocryna:https://kovsh.com/library/ice/crank mechanism/cranks/defektatciia_shatunov.

3. ViBmwxkke [Dnekrponnbiit pecype]. Pexxum moctyna: http://vdvizhke.ru/vosstanovlenie-i-
remont-dvigatelej-smd/krivoshipno-shatunnyj-mehanizm-dvigatelja-smd/shatun-dvigatelja-smd/
pravka-shatuna-ot-izgiba-i-skruchennosti.html.

V.E. Strelec
Dalrybvtuz, Vladivostok, Russia

DEFORMATION OF PARTS IN THE SHIPMECHANICAL REGION

In the modern world, the study of deformation of parts is a priority in the study of the direction, in-
cluding the study of the deformation of parts in the shipmechanical region.

Caenenus 00 aBrope: Crpener; Banum EprenpeBny, CMc-212; e-mail: wogarupl@mail.ru

VK 744:629.12

FO.I1. YapsauoB, A.A. Yepnbix, M.P. 'nunens
OI'AOY BO «IB®Y», Bnanusoctok, Poccus
Hayunslii pyxoBoautens — E.B. I'puropsesa, kana. TexXH. HayK, TOLEHT
®I'bOY BO «laneps10BTY3», Bnagusoctok, Poccus

KOMITAC-3D KAK BCIIOMOTI'ATEJIBHOE ITPUJIOKEHUE JIUIS1 TIOCTPOEHUSA
CYIOCTPOUTEJIBHBIX YEPTEXKEMN

Paccmompenvl ocnoenoe nowsamue npozpamm 015 co30aHUsA, PeOaKMUpOSAHUs U 0opabomku uep-
medicell 8 IeKMPOHHOM 6ude, npedHasnauenue npunoxcenus KOMIIAC-3D, eco pyukyuonansuocms,
cpepol npumenenus u e20 00CMOUHCMEA.
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JIBaamarh mepBhIil BEK — 3TO BEK Pa3BUTHs MHPOPMAIMOHHBIX TEXHOJOTHH, KOTOPBIC 3aTpa-
TUBAIOT Bce cephl KU3HEAEATEeIbHOCTH YelloBeka. CyIOCTpOCHUE HE SIBISETCS MCKIIIOUECHUEM.
Ecnu panbIlie Bce YepTeKU BBHIMONHAINCH HA OyMare B HECKOJIBKHX K3eMIUISIpaX BPYyYHYIO, TO B
HACTOSAIIEE BpEeMsI KOMITbIOTEPHBIE TEXHOJIIOTHU TO3BOJISIOT YIIPOCTUTH 3Ty PabOTy MPHU MOMOIIU
Takux mpriokeHni, kak Mathcad, Autodesk AutoCAD, KOMITAC-3D u 1.1. Bee atu mporpam-
MBI HampaBJeHbl Ha MPOCKTUPOBAHUE U OPUEHTHUPOBAHUE B MOJTOTOBKE WHTEPAKTUBHBIX JOKY-
MEHTOB C BBIUHUCIICHUSMH U BU3yaJIbHBIMU COIMPOBOXKIECHUAMH. Tak Kak CyJHO — 3TO IUIaBy4ee
COOpY)KEHHE, MPEAHA3HAYCHHOE ISl TPAHCIOPTHBIX, MPOMBICIOBBIX, BOCHHBIX, HAYYHBIX, CIIOp-
TUBHBIX U JIpyrux nenei. CienoBaTenbHO, HEOOXOAMMO UMETh TOYHBIA IJIaH U UMETh BHU3yallb-
HOE€ TPEJCTABICHHUE O €ro YacTsIX, MO3TOMY JIy4YIlle BCETO 3HATh, KaKk OyJeT BBIMJISAETh Ta WU
4acTb HE TOJBKO B IJIOCKOM BHJIE, @ TAKXKE B TPEXMEPHOM MpocTpaHcTBe. st 3TuX 1enei u Obl-
70 pazpabotano npuioxenne KOMITAC-3D.

NmeroTcst cOOCTBEHHBIC PEUMYIIECTBA y MPUIOKEHUHN I pa3pabOTKH TIaHOB, HO BO3HU-
KalOT BOMPOCHI, YTO KaXKJ0€ U3 HUX IPEACTABISET, B YEM UX IMPEUMYIIECTBA U HEIOCTATKH, U
npuoputeTHocTh nporpammbel KOMITAC-3D. Bo-nepBbix, HauHeM ¢ nporpammbl KOMITAC-3D —
CHUCTEMa TPEXMEPHOT'0 MPOSKTUPOBAHUS, CTABIIAS CTAHIAPTOM JUISl ThICAY MPEANPUATHI, Oaro-
Japsi COYETAHHIO MTPOCTOTHI OCBOCHHUS M JIETKOCTH PabOTHI ¢ MOITHBIMU (DYHKIIHOHAIBHBIMU BO3-
MOKHOCTSIMH TBEpPIOTEIHHOIO W MOBEPXHOCTHOTO MojenupoBanus. KiroueBoil 0cOOEHHOCTHIO
MPOYKTA SBJSICTCS MCIIOIB30BaHUE COOCTBEHHOT0 MareMatudeckoro siipa C3D u mapamerpude-
CKUX TEXHOJIOTuH, pa3padboTanubix cneunanuctamu ACKOH.

KOMITAC-3D of6ecnieunBaeT oACPKKY HanOoJee pacpoCcTpaHeHHBIX GopmaToB 3D-Mo-
neneii (STEP, ACIS, IGES, DWG, DXF), uTo mo3BojsieT Opranu30BbIBaTh 3P (HEKTUBHBIN 00MEH
JAHHBIMH CO CME)KHBIMU OPTaHU3AIUSAME M 3aKa34MKaMu, UcTionb3ytonmmu Jiroosie CAD / CAM /
CAE-cucrems! B pabore [1]. Bo-BTOpsIX, nepeiinem k Mathcad, Mathcad — ato nomynsipHast cuc-
T€Ma KOMIIBIOTEPHOM MaTeMaTHKH, IIpeJHAa3HauYeHHas JUlsl aBTOMATHU3allMi PELIEHUS] MaCCOBBIX
MaTeMaTHYeCKHX 3a7lad B CaMbIX Pa3NIMYHBIX O0NACTSIX HAYKH, TEXHUKU M oOpazoBanus. Ha3a-
HUE CHUCTEeMBbl IMPOMCcXoauT OT AByX cioB — MATHematica (marematnka) u CAD (Computer
Aided Design — cucteMbl aBToMatudeckoro npoekrupoanus, win CAIIP) [2]. B-tperpux, na-
nuM onpenenenue npunoxerno AutoDesk AutoCAD, AutoCAD — 3To cuctemMa aBTOMaTU3UPO-
BaHHOT'O TIPOCKTUPOBAHMSI, TTO3BOJISAIONIAS YEPTUTh 2- U 3-MepHBIe TTpoekTh [3]. Hakonen, omnpe-
nenum 3HaueHne KOMITAC-3D, kauecTBEHHOrO BU3YaJbHOTO 33/IaHUsI OTPOMHOIO MEpPEUHs 3a-
TFOTOBOK U M3JIEIHMHA HA CYJOCTPOUTENBHBIX U CYJOPEMOHTHBIX Bep(sX g KauyeCTBEHHOW €ro
MOJATrOTOBKU IIPU MOCTPOMKE/PEMOHTE Cy/10B.

Cucrema KOMITAC-3D mnpenna3zHaueHa ajisi co3faHusi Kak uepTexeit (2D-monmenupona-
HUE), TaK U TpexMmepHbIX moneneit (3D-monenupoBanue). Cucrema o61agaer cOOCTBEHHBIM Ma-
TEMaTUYECKUM SIIPOM M MapamMeTpuyecKkoil TexHojoruerd. OCHOBHas 3ajiada, peniaeMasi CUCTe-
MOH, — 3TO MOJEJIMPOBAHUE M3JCIHUI C LEIbI0 COKpPALICHUS! MEpHOJa MPOSKTUPOBAHUS U CKO-
peiliiero ux 3amycka B Mpou3BojcTBO. Kpome ObICTpOro moiayyeHus: KOHCTPYKTOPCKO-TEXHOJIO-
TUYECKOM JOKYMEHTAIUH, CUCTEMA MI03BOJISIET:

> [epeiaBaTh B AJIIEKTPOHHOM BUJIE T€OMETPUIO JAETANU B PACUETHBIC MAKEThI;

> nepeaaBaTh JICKTPOHHBIC KOMMM M3IEIHUM 111 UX U3TOTOBJIEHUS HAa CTAHKHU C YHCIOBBIM
IIPOrPaMMHBIM YIIPABJICHUEM;

> c03/1aBaTh JIOTIOJHUTEIbHBIC N300paKEeHHUs IeTAICH Il COCTABIICHUS KAaTaJIOTOB U HILITIO-
CTpalUi K TEXHUYECKOMN TOKYMEHTAIINH.

Cuctema aBroMaTu3upoBaHHoro npoekrtupoBanus (CAIIP) poaunace B 60-e rr. mpoIioro
BEKa, HO JIIIb C OYpHBIM PAa3BUTHEM BBIYMCIUTEIBHON TEXHUKH MOCIIEIHErO JECATHIIETUS CTAJIO0
BO3MOXXHBIM CO3/IaHHE amlMapaTHBIX U MPOrPAMMHBIX CPEACTB MaIIMHHOM rpaduku. [TonHbIH me-
pexo/ Ha aBTOMaTU3WPOBAHHOE MMPOEKTHUPOBAHUE MO3BOJIUT YMEHBUIUTh BPEMS CO3JIaHUS YepTe-
K€U U IPYyrord KOHCTPYKTOPCKO-TEXHOJIOTUYECKON JTOKYMEHTALIMH, a4 TAKKE MOBBICUTh Kauy€CTBO
BBIMOJIHEHUSI JJOKYMEHTOB. KOHCTPYKTOpCKHE TOKYMEHTbI, BBHIIIOJHEHHbIE TPAJAULIMOHHBIM CIIO-
co00OM C TIOMOIIBIO KapaHjalia ¥ BaTMaHA, CBHUJETEIBCTBYIOT O HH3KOH MPOU3BOJCTBEHHO-
TEXHOJIOTHYECKON 0a3e MpeanpusaThs, Y KOTOPOro Majo IIaHCOB B 00ph0OE 3a KPYITHBIE 3aKa3bl
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MalIMHOCTPOUTENbHON npoaykuuu. OAHAKO HIMPOKOE MCIIOJIb30BAaHUE KOMIIBIOTEPHOM TEXHUKHU
MO3BOJIMT JIMIIb UCKIIOUUTh PYTHHHBIM TPYyJ: MCIOJIb30BaHHUE IIAOJIOHOB U OMOIMOTEK KOHCT-
PYKTOPCKO-TEXHOJIOTMYECKOM JOKYMEHTAIMH, BBIYUCIECHUS, MOJEINPOBAHUE IIPOU3BOACTBEHHBIX
IIpoLEeccoB U Ip. TBOpUECKUIl MOTEHIMAN YEJIOBEKA HUKAKOM BBIYUCIUTEIBHON TEXHUKON HE 3a-
MEHHTD, MMO3TOMY pa3padOTKa CBEXHUX HMJCH M KOHIENIUH CO3/l1aHUS HOBOM TEXHUKU OCTAETCS
IIPEpOraTUBOM HHKEHEPA U YYEHOTO.

B nHacrosiiee BpemMsi HEBO3MOKHO ceOe NPEICTaBUTh COBPEMEHHOE IIPOMBIIIIEHHOE Mpe-
HPUATHE UM MPOEKTHO-KOHCTPYKTOPCKOE OIOpO 0€3 KOMIBIOTEPOB U CIELUAIBHBIX MPOrPaMM,
IpeHAa3HAaYEHHBIX JJI1 pa3pabOTKU KOHCTPYKTOPCKOM JOKyMEHTAllMM WJIH TNPOEKTHUPOBAHUS.
[IpuMeHeHHEe BBIUMCIUTENBHOW TEXHUKUM B OOJACTH MPOEKTUPOBAHUS CTAJO CBEPLIMBIIMMCS
(akTOM M J0Ka3aJ0 CBOIO BBHICOKYIO 3(h(peKTHBHOCTH. PEIHOYHBIC OTHOIICHHS U KECTKas KOHKY-
PEHILIMS 3aCTaBIAIOT PYKOBOAUTENEH MPEANPUATHI U CIELMAIUCTOB 3aHUMAThCS BOIIPOCAMM aB-
TOMAaTHU3ALMH POEKTHO - KOHCTPYKTOPCKHUX Y TEXHOJIOTUYECKHUX OTIEIIOB.

Ilepexon Ha KOMIBIOTEPHOE IPOEKTUPOBAHNE ITO3BOJIMT COKPATUTh HE TOJBKO CPOKH pas3pa-
0OTKM KOHCTPYKTOPCKON M TEXHOJIOIMYECKON TOKyMEHTALUU, HO U CYIIECTBEHHO MOBBICUThH Ka-
YEeCTBO CO3/1aBaE€MbIX W3JIEJIUH M BBITYCKaeMbIX JOKYMEHTOB. Tak Mbl MOKeM HaO0AaTh 3TO
MIPU IOCTPOCHUH OOBIYHOTO MOPIIHEBOTO HHUHIpa (puc. 1) [4].
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Puc. 1

Poccuiickas kommaauss ACKOH (www.ascon.ru) co3gana B 1989 r. u B Hacrosiee BpeMst
apnsieTcs B Poccun BeaymmM pa3paboTUYMKOM CUCTEM JJIsl aBTOMaTu3aluu npeanpustuid. Oc-
HOBHBIM HAIIPABJICHUEM JEATEIbHOCTH KOMIIAHUM SIBJIETCS pa3paboTKa CHCTEM JJIsl aBTOMAaTH-
3MPOBAHHOT'O MPOEKTHPOBAHUS, TEXHOJIOIMYECKON MOATOTOBKU HMPOHM3BOJCTBA, JOKYMEHTOO0O-
poTa ¥ CUCTEM yIpaBieHus Ku3HeHHBIM koM uzaenus (CAD/CAM/PLM cucrem).

B nacrosmee Bpemsi CAIIP KOMITAC mmpoko NpuMEHsI0TCS B MATMHOCTPOSHUH, PUOO-
POCTPOEHUH, CYAOCTPOEHUH, CTPOUTEIBCTBE M SHEPIETUKE.

X/KOMITAC ucnonb3yercst CTyA€HTaMH CIIeUATU3UPOBAHHBIX KadeIp Mpu CO3IaHUH Kyp-
COBBIX U JIUIUIOMHBIX IIPOEKTOB.

B cpenneii mxone KOMITAC ucnonb3yercst B paMKax HpenojaBaHus KypcoB MH(opMaTH-
K1, TEXHOJIOTUH, YEPUYEHHUS, TEOMETPHH.

OcHoBHas 3anava, pemaemas cucreMoin KOMIIAC-3D V8, — MmoaenupoBaHue U3IENUi C
LEJIBI0 CYIIECTBEHHOTO COKpAILEHUs] NEepuojia NPOEKTUPOBAHUS U CKOPEHIIEro WX 3alycka B
MPOU3BOJICTBO. DTH LIEJIH AOCTUTAIOTCS Oi1arofapsi BO3MOKHOCTSM:

- OBICTPOrO MOJyYEHHs] KOHCTPYKTOPCKOW M TEXHOJIOTMYECKON JAOKyMEHTAlMH, HEOOXOIH-
MO 17151 BBIITyCKa U3JeNni (COOPOYHBIX YepTexeid, criennpuKaruii, 1eTalTupoBoK 1 T.1.),

- Iepejauu reOMETPUN U3AEIUI B paCUETHbIE TAKETBHI,

- Iepeiayd TeOMETPUH B MAKEThl Pa3pabOTKH yIPABISIOMUX IPOrpaMM JUIsi 000py10BaHHUs
c UIly,

- CO3JIaHMsI IOTIOJTHUTENIbHBIX N300paykeHUH U3AETi (HampuMmep, Ui COCTaBICHHS KaTalo-
T'OB, CO3/IaHMSI MILTIOCTPAIIMN K TEXHUYECKON JOKYMEHTAIUH U T.11.) [4].
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IMporpamma KOMITAC-3D 103BOJISIET BBIMOJHATE YEPTEIKU JIFOOOH CIONKHOCTH, YTO MBI
MOKeM HaOIo1aTh B MaTepuaine (puc. 2, a, 0).
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Taxkum oOGpa3zom, caMoil IOMYJISIPHO ¥ MHOTO(QYHKIIMOHATBLHON TPOTrPaMMON JIJIs YepUCHHS
OT HAILIMX OTeYeCTBEHHBIX pa3paborunkoB sBigercss KOMIIAC-3D. [/lannoil nporpaMmoii B By-
3ax Poccun monp3yroTcsi MPaKTHUECKU BCE CTYJEHThI, & MHOTME WHXEHEpPhl CUUTAIOT JTAHHYIO
nporpamMmy Hawinyuieil. [Iporpamma nns uepuennss KOMITAC-3D umeer 1octaTouHOM MpocToi
U TIOHATHBIM HHTEpQeiic, MHO)KECTBO MHCTPYMEHTOB, OOTaTyl0 CHpPaBOYHYIO HH(OPMALUIO T10
paboTe ¢ mporpaMMol MOMOXET HUCIPAaBUTh BCE HETOYHOCTH HA 4YepTEXax OBICTPO M JIETKO.
Kpome Toro, KOMITAC-3D mno3BossieT MPOSKTUPOBATh JIETAIM U COOpOYHBIE YepTeku B 3D-
BUZIC, B IOCIJICAYIOUIEM MOXHO TEpPEHECTH TOTOBYIO Mojelb M B 2D-uepTexu, U Ha00OpOT.
KOMITAC-3D BxitoyaeT B KOMIUIEKT C JIOMOJHUTEILHBIMU MOIYJISIMU TIPOTPaMMBI JIJIsI TIPOCK-
TUPOBAHMS TPYOOIIPOBOJOB, IIEKTPUUECKUX CXEM, MIPYKHH, CHCTEM NMPOYHOCTHOTO aHanu3a [5].

Cnmcox uCnob30BaHHOM JIUTEPATYPHI
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https://moydrugpc.ru/programma-proektirovaniya-autocad-kratkij-obzor.

4. IIporpamma KOMIIAC u ee BO3MOXKHOCTH [DIIEKTpOHHBIN pecypc]. Pexxum moctyma:
https://infourok.ru/programma-kompas-i-ego-vozmozhnosti-1250110.html.

5. llporpamma miist depueHus: [DNeKTpoHHBIM pecypc]. Pexxum moctyma: http://monobit.
ru/programmy-dlya-chercheniya.html.

Y.P. Ulianov; A.A. Chernih; M.R. Gnipel'
FEFU, Vladivostok, Russia

COMPAS-3D AS A HELPER APPLICATION FOR THE CONSTRUCTION
OF SHIPBUILDING DRAWINGS

The basic concept of programs for creating, editing and processing of drawings in electronic form;
the purpose of the application compass-3D, its functionality, scope and advantages.

Caenenust 00 aBTopax: YibsHos IOpuii [TaBnoBuy;
UepHbix AHTOH AJIEKCaHIpPOBUY;
IManmens Muxaun Pycrnanosud, b31126; e-mail: yura26200062@mail.ru

130



Cexnus 6. PUSUNYECKUE SABJIEHUA U UX IIPUMEHEHHUE

YK 621.385.64

J1.B. AnanueHnko
Hayunsrii pykoBoautens — JI.M. SIkoBeHKko, KaH/. ¢U3.-MaT. HAyK, JOLECHT
®I'bOY BO «/lanbprioBTY3», BiagusocTok, Poccus

MATHETPOH. YCTPOMCTBO. IPUHIIUI JIEMCTBUA U TIPUMEHEHHUE

Pacczwampueaiomc;z ucmopusl MacHempoHna, e2o xapakmepucmuxka, KOHCmpyKyus, npuHyun pa6ombz
u npumeHeHue.

MarHeTpoH — 3TO MOIIHBIN 3JIEKTPOHHBIN MPUOOP, TEHEPUPYIOMNK MHUKPOBOIHBI IIPH B3aH-
MOJEICTBUHU MOTOKA 3JIEKTPOHOB C 3JIEKTpUUECKOr cocTasistomen noiast CBY B mpoctpaHcTBe,
I/ie IOCTOSIHHOE€ MAarHUTHOE M0JI€ NEPIEHAUKYIISIPHO IOCTOSIHHOMY 3JIEKTPUUECKOMY IOJIIO.

B 1912 r. mBetinapckuii pusuk ['eapux ['peitHaxep u3ydan cocoObl BEIYMCICHUS MaCChl
anekTpoHa. OH coOpasl yCTaHOBKY, B KOTOPOM BHYTPbh MarHuTa ObLI MOMEILEH AJIEKTPOBAKYYM-
HBII MO/ C HMJIMHIPUYECKUM aHOJIOM BOKPYT CTEPKHEBUIHOTO KaToja. EMy He yaanock usme-
PUTH Maccy 3JIEKTPOHA M3-3a MPOOJIEM C IMOJIyYEHHEM JOCTaTOYHOTO YPOBHS BaKyyMa B JIaMIle,
OJIHAaKO B X0j/i¢ paboThl ObuIH pa3paboTaHbl MaTEMaTUYECKHE MOJENH JIBUXKEHUS AJIEKTPOHOB B
AIIEKTPUYECKUX U MATHUTHBIX TOJISX.

Anpbept Xamn (CHIA) wcmonp30Ba JaHHBIE MOJETH TPU IOMBITKAX OOOWTH MATEHTHI
Western Electric Ha Tpuoa. Xan miiaHupoBaj MCIOIB30BATh ISl YIIPABICHUS TOTOKOM JJICK-
TPOHOB MEXKIY KaTOJIOM U aHOAOM M3MEHSIOIIEeCs] MAarHUTHOE I10JIe BMECTO MOCTOSIHHOTO 3JIEK-
Tpudeckoro. B mccnenoBatenbckux nadoparopusix General Electric(Schenectady, New York)
Xan co3/al JIaMIlbl, NMEepPEeKIYaBIlIie PeKUM Yepe3 M3MEHEHHE COOTHOILLIEHUS MAarHUTHBIX U
aneKTpudecKux nojei. B 1921 r. oH npeaioKuia TEpMUH «MarHeTPOHy, Oy OIMKOBAI HECKOIBKO
CTaTe¥ W MONYyYHJI MaTeHThl. MarneTpoH Xajuia He ObUT MpeaHa3HAueH IS MMOJYYCHUS BBICOKO-
YaCTOTHBIX JICKTPOMAarHUTHBIX BOJH. B 1924 1. yexocnoBankuii ¢pusuk A. Kadek v repMaHCKUI
dusuk Dpux Xaban (Erich Habann, Menckuii yHEBepCHTET) HE3aBHCHMO OOHAPYKIIN BO3MOXK-
HOCTb I'€HEpALMU MarHeTpOHOM JIeHUMETPOBBIX BOJIH (nopsaka 100 MI'u — 1 I'T'w).

B 20-e rr. uccnenoanusmu B obnactu reHepupoBaHusi CBY-konebanuii ¢ npuMeHEHUEM
MarHuTHeIX mojed 3aHumanuch Takke A.A. Cnyukwd u [.C. Ilreitn6epr (1926-1929 rr.,
CCCP), K. Okabe u X. Aru (1928-1929 rr., fAnonus), U. Panmwm (1929 r., Utanus).

JleiicTByIOIIIME MATHETPOHHBIE T€HEPATOPHI PATUOBOIH OBUIH CO3J]aHbI HE3aBUCHMO U TIOUTH
OJTHOBPEMEHHO B TpEx cTpanax: B UexocnoBakuu (JKauek, 1924 r.), B CCCP (A. A. CayukuH u
. C. llreiinGepr, 1925 r.), B SAnonuu (Oxabe u Aru, 1927 r.).

K 1936-1937 rr. MOLTHOCTh T€HEPATOPOB Ha Oa3e MarHeTpoHa ObLIa MOBBIIICHA B HECKOJIb-
KO pa3 (10 COTEH BaTT Ha BOJIHE C JJIMHOW 9 cM) ImyTEéM CO3/1aHHUs] MHOTOPE30HATOPHOTO MarHe-
TpOHa (C UCIOJIb30BAHUEM MAaCCHBHOTO MEIHOIO aHOJAA C HECKOJbKUMH PE30HATOPAMH U OXJIaX-
nenuem; M.A. bonu-bpyesuu, H.®@. Anekcees, /[.E. MansipoB).

Opannysckuii yaéusiii Mopuc TloHT ¢ coTpynHukamu u3 napuwxckord ¢upmer «KCD» B
1935 r. co3nanu 37IEKTPOHHYIO JIAMITY € BOJIb()PAMOBBIM KaTOJIOM, OKPY>KEHHBIM PE30HATOPHBIMU
aHoIHbIMU cermMeHTamH. OHa ObLIa NMpEANIeCTBEHHUIIEH MarHeTPOHOB C PE30HATOPHBIMU
KaMepamu.

KoHcTpyKiust MHOTOPE30HATOPHOTO MarHeTpoHa AsiekceeBa—MaisipoBa, 00€CIeYnBaroOIIero
300-BaTTHOE M3mydeHue Ha BojHe 10 cm, cozpanHoro B 1936—1939 rr., crana usBectHa MUPOBO-
My coobuecTBy Onaronaps myonukanuu 1940 r.
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CBoMM TOSIBICHHEM Ha CBET MHOTOPE30HATOPHBIN MarHeTpoH AsekceeBa — MaisipoBa 00s-
3aH paauosiokanuu. PaboTel o paguonokamnuu 601 pazBepHyThl B CCCP mouyTn oHOBpeMEHHO
C HAYaJIOM PaJMOJIOKAIMOHHBIX paboT B Aurymu u CIIA.

B 1940 r. 6puranckue ¢usuku xon Paunamn u lappu byt (aurn. Harry Boof) uzo6penu
pe30HaHcHbll MazHempoH. HOBBI MarHETPOH /1aBajl UMITYJIbChI BBICOKOM MOLIHOCTH, YTO II03BO-
JUII0 pa3paboTaTh pajgap CaHTUMETPOBOro Auana3oHa. Pagap ¢ KOpOTKOW JUIMHOM BOJHBI MO3BO-
751 0OHapy>KUBaTh OoJiee Menkue 00bekThl. Kpome Toro, KOMnakTHbI pa3Mep MarHeTpoHa Ipu-
BEJ K PE3KOMY YMEHBIIECHHIO pa3MEpPOB paJapHON ammapaTypbl, YTO MO3BOJMIIO YCTaHABIUBATh
e€ Ha caMoJIeTax.

B 1949 r. B CIIA unxenepamu /1. Yunbypom u @. Ilurepcom 6butn pazpaboTaHbl METO/IbI
M3MEHEHHS 4aCTOThl MAarHETPOHA C MOMOIIbIO YIPABICHUS HaNpsKeHUEM (IIpuOop «MUTPOH» —
mitron).

Hauunas ¢ 1960-x rr. maraeTpoHsl nony4uwin npuMmeHenne B CBY-nevax ais JoMaiiHero
MCIIOJIb30BaHUs

MarueTpoHbsl MOTYT paboTaTh Ha pa3ianuHbiX yactoTax otT 0,5 mo 100 I'T'u, ¢ MomHoCTIMU
OT HECKOJIBKHUX BATT JI0 JAECATKOB KWJIOBATT B HEMpPEPBHIBHOM pexume, U oT 10 Bt no 5 MBT B
UMITYJIbCHOM PEXHME MPH JTUTEIBHOCTSIX UMIYJIbCOB INIABHBIM 00pa3oM OT J0JIeH 10 AECATKOB
MUKpOceKyH. MarueTponsl 06sanatT BeicokuM KITJT (o 80 %).

MarueTpoHbl ObIBalOT KaK HENEpPECTpanBaE€Mble, TaK U IEPECTpauBacMble B HEOOJBILIOM
nuana3oHe yactot (00br4Ho MeHee 10 %). [l MenneHHON nepecTpolKy 4acTOThl IPUMEHSIFOTCS
MEXaHHU3MBI, IPUBOJIMMBIC B JBUKECHHUE PYKOH, 1751 OBICTPOH (0 HECKOJIBKUX THICAY MEPECTPOCK
B CEKYH]y) — POTAIlMOHHBIE U BUOPALIMOHHBIE MEXaHU3MBI.

MarseTpoHbl Kak F€eHEpaTOpbl CBEPXBBICOKUX YACTOT IIMPOKO MCIOJIb3YIOTCS B COBPEMEHHOMN
paiMoJIOKAlIMOHHOM TEXHUKE (XOTSI MX HaYMHAIOT BHITECHATh aKTHUBHBIE (pa3MpOBAHHbIC AaHTEHHbIC
pPEMIETKH) U B MHUKPOBOJIHOBBIX Ievyax. MaKTUYECKH MarHeTpoH 1o coctosiHuio Ha 2017 r. — mo-
CJIETHUN THUII MAacCOBO MPOU3BOJMMOTIO 3JIEKTPOBAKYYMHOTO MpuOOpa mocie CBEPTHIBAHUSA MPO-
U3BOJICTBA KUHECKOIOB B Havasie 2010 rr.

Pe3oHaHCHBIN MarHeTpOH COCTOUT M3 aHOIHOTO OJIOKa, KOTOPBIH MpeacTaBisieT co0o0i, Kak
IIPABWJIO, METAJUIMYECKUHA TOJICTOCTEHHBIN IWJIMHIAP C IPOPE3aHHBIMU B CTEHKAaX IOJIOCTSAMH,
BBITIOJIHSIFOITUMHU POJIb OOBEMHBIX PE30HATOPOB. Pe3oHaTtophl 00pa3yroT KOJBIEBYIO KoyieOa-
TenbHYI0 cucteMy. K aHOoIHOMY OJIOKY 3akperuisieTcsl IMHApUYecKuil karoa. BuyTpu katona
3aKpervi€H mojorpesareab. MarHuTHOe moJie, napauieabHOe OCH Mpudopa, co3naéTcsi BHEIIHU-
MU MarHUTaMU WY 3JIEKTPOMArHUTOM (PUCYHOK)

Jlia BeiBoa CBY sHeprum ucnosb3yeTcs, Kak IpaBuilo, IPOBOJIOYHAS METIIS, 3aKpeIIEHHAS
B OJIHOM M3 PE€30HATOPOB, UM OTBEPCTHE U3 PE30HATOPA HAPYKYy LIMIMH/PA.

Pe3onaropsl MarmeTpoHa 00pa3yroT KOJBIEBYIO KOJIEOATEIBHYIO CUCTEMY, OKOJIO HUX TPO-
UCXOIUT B3aUMOJEHCTBHE IMyUyKa 3JEKTPOHOB U 3JIEKTPOMArHUTHOM BOHbI. [lockonbky 3Ta cuc-
TeMa B pe3yJibTaTe KOJbIEBOW KOHCTPYKIIMM 3aMKHYTa cama Ha ce0s, TO e€ MOXXKHO BO30YyIIUTh
JUIIb HA ONPENENEHHBIX BUAAX KOJeOaHMii, U3 KOTOPHIX BaXKHOE 3HAUeHHE uMmeeT 7-Bul. Cpeau
HECKOJIbKMX PE30HAHCHBIX YacTOT cHUCTeMBI (pu N pe3oHaTopax B CUCTEME BO3MOXKHO CYIIECT-
BOBaHUE JIFOOOTO IEJIOT0 KOJUYECTBA CTOSIMUX BOJH B auarazoHe oT 1 qo N/2) garmie Bcero uc-
MOJIB3YETCs M-BHU] KOJIeOaHU, IPH KOTOPOM (Da3bl B CMEKHBIX PE30HATOPAX PA3IUYArOTCs Ha 7.
[Tpu Hanuuuu psaoM ¢ padoueit yactoroil (6mmxe 10 %) Apyrux pe3oHaHCHBIX YaCTOT BO3MOXK-
HBI TIEPECKOKU YaCTOThI U HecTabunpHas pabota npudopa. g npegoTBpaienus nogo0HbIX G-
(eKTOB B MarHeTpoOHaX C OJMHAKOBBIMH PE30HATOPAMU B HUX MOTYT BBOJUTHCS pa3iHuHbIC
CBSI3KH TUOO MPUMEHSTHCS MAarHETPOHBI C Pa3HBIMU pa3MepaMH pe30HATOPOB (YETHBIE PE30HATO-
PBI C OTHUM Pa3MEpPOM, HEUETHBIE — C IPYTUM).

OtnenpHblE MOJEIM MAarHeTPOHOB MOTYT MMETh Pa3IMYHYI0 KOHCTpyKuuto. Tak, pe3oHa-
TOpHAsl CUCTEMa BBITNIOJHIETCS] B BUJE PE30HATOPOB HECKOJIBKUX THUIIOB: LIEJIb-OTBEPCTHUE, JIOTA-
TOYHBIX, IIEJEBBIX U T.1.
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KoHcTpykiust MarneTposa

DNEKTPOHBI IMUTHUPYIOTCS M3 KaToAa B IPOCTPAHCTBO B3aUMOACUCTBHUS, IIe HA HUX BO3JICH-
CTBYET IOCTOSIHHOE 3JIEKTPUYECKOE I0JIE€ aHOJ-KaToJ, MOCTOSHHOE MAarHUTHOE I0JI€ U TOJie
AJIEKTPOMArHUTHOW BOJHBI. Ecnu Obl HE OBUIO TOJS AJIIEKTPOMATHUTHOM BOJHBI, JIEKTPOHBI ObI
JIBUTAIIUCH B CKPEHIEHHBIX JIEKTPUYECKOM U MAarHUTHOM IOJISIX [0 CPABHUTEIBHO MPOCTHIM KpHU-
BBIM: JMHIMKIONAAM (KpUBasi, KOTOPYIO OMUCHIBAET TOYKA HA KPYre, KaTsIIeMCs [0 Hapy>KHOU
MOBEPXHOCTU OKPY>KHOCTU OOJIBILIEro MaMeTpa, B KOHKPETHOM cllyyae — [0 HapyKHOH MOoBepX-
HOCTU KaToja). [Ipyu m10cTaTodHO BBHICOKOM MAarHUTHOM MoOJje (MapajuieIbHOM OCH MarHeTpoHa)
AJIEKTPOH, IBIDKYIIUICS MO 3TOH KPUBOW, HE MOXKET JOCTHYHL aHO/Aa (110 MPUYMHE ICUCTBUS Ha
HEro CO CTOPOHBI 3TOTO MAarHUTHOTO TOJsl CHIIbl JIopeHIa), mpu 3TOM TOBOPAT, YTO MPOU30ILIO
MarHMTHOE 3alipaHue Auoja. B pexrMe MarHUTHOrO 3alUpaHus HEKOTOpasl YacTh JIEKTPOHOB
JBUKETCSI 110 SMULMKIONIaM B TIPOCTPAHCTBE aHOA-KaTof. [lox meiicTBueM COOCTBEHHOTO MO
AJICKTPOHOB, a TaK)Ke CTATUCTHUYECKUX d(PPEKTOB (ApOOOBOM IIIyM) B 3TOM 3JIEKTPOHHOM 00JIaKe
BO3HUKAIOT HEYCTOMYMBOCTH, KOTOPHIC MPUBOJAAT K T€HEPAIMH SJICKTPOMArHUTHBIX KojeOaHUH,
3TH KOJIeOAHUSI YCHIIMBAIOTCSI PE30HATOPAMHU. DJIEKTPUUECKOE T0JI€ BO3HUKILEH 3J1€KTPOMAarHuT-
HOW BOJIHBI MOXET 3aMEUISITh WM YCKOPATH 3JEKTPOHBL. ECIM 3JIEKTpOH YyCKOpSETCs MOoJeM
BOJIHBI, TO PAJINyC €ro [MUKJIOTPOHHOTO ABM)KCHUS YBEJIIMYMBACTCS, U OH OTKJIOHSAETCS B HaIlpaB-
JieHuu karoja. [Ipu sToM sHeprus nepenaércs OT BOJIHBI K 3JIEKTPOHY. Ecin ke 37IeKTpoH Top-
MO3UTCS MOJIEM BOJIHBI, TO €r0 3HEprus nepena&rcs BOJHE, MPU 3TOM LUKIOTPOHHBIN paaunyc
AJIEKTPOHA YMEHBIIIAETCS, LIEHTP OKPY>KHOCTH BPAILEHUS] CMEIIACTCs OJIKE K aHOAY, U OH MOy~
YaeT BO3MOXKHOCTh JJOCTUTHYTh aHoJa. [10CKOIbKY 3JIeKTprUecKoe MoJjie aHOI-KaTo/l COBEpILaeT
MOJIOKUTEIBHYIO padOTy TOJIBKO €CJIM JIEKTPOH JOCTUTAET aHOMAAa, SHEPTHUs Beeraa nepeaaéres B
OCHOBHOM OT 3JIEKTPOHOB K 3JIEKTPOMarHUTHON BoJHe. OHAKO €ClIi CKOPOCTh BpAlllEHUs dJIeK-
TPOHOB BOKPYT KaroAa He OyAeT coBmanath ¢ (a30BOMl CKOPOCTHIO AJIEKTPOMATHUTHOW BOJHBI,
OJIMH U TOT K€ JIEKTPOH Oy/IeT MONEPEMEHHO YCKOPSTHCS U TOPMO3UTHCS BOJIHOM, B PE3yJIbTaTe
3¢ (hHeKTUBHOCTh TIepeayu YHepruu BoJiHE OyneT HeOombiioi. Eciu cpemnsisi CKOpOCTh Bpaiile-
HUS JIEKTPOHA BOKPYT KaToja coBMHanaeT ¢ (pa3zoBOi CKOPOCTHIO BOJIHBI, JJIEKTPOH MOXKET HaXoO-
JUTHCS HETIPEPHIBHO B TOPMO3SIIIiel 001acTH, TP ITOM Tepeiada SHEPTUU OT IJIEKTPOHA K BOJTHE
HaubOosiee dpdexrtuBHa. Takue FMEKTPOHBI TPYNIUPYIOTCS B CTYCTKH (TaK Ha3bIBAEMbIC «CITH-
I[bD»), BpallalolIfecss BMeCTe ¢ mojieM. MHOTOKpaTHOE, B TEYCHHE Psia MEPUOJIOB, B3aUMOICH-
cTBHE IeKTpoHOB ¢ BU-nonem u ¢azoBas GpokycupoBka B MarHeTpoHE 00ECTICUMBAIOT BHICOKHI
KO3(DPHILIMEHT MOJIE3HOTO ACHCTBUS M BO3MOXKHOCTD IOJIy4eHUs OOJBIINX MOIIIHOCTEH.

B panmapsbIx ycTpoiicTBax BOJHOBOJ IMOJCOEAMHEH K aHTEHHE, KOTOpas MOXET Ipe/CTaB-
JSTH COOOM Kak IIeNIeBOM BOJIHOBO/I, TAK M KOHUYECKHUI PyHOPHBIA 00IyUyaTeNb B mape ¢ mapado-
JMYECKUM OTpakaTeseM (Tak Ha3blBaeMas «Tapeiika»). MarHeTpoH yIpaBiiieTcss KOPOTKHUMH BbI-
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COKOMHTEHCUBHBIMHM UMITYJIbCAMHU MOJaBaEMOT0 HANPSKEHUs, B PE3YyJIbTaTe YETro B MIPOCTPAHCT-
BO M3JIy4aeTcsi KOPOTKUN UMITYJIbC MUKPOBOJIHOBOW 3Hepruu. Heboublias mopuus 3Toil s3Hepruu
OTpaxxaeTcst 0T 00bEKTa PaJMOIOKAIMK OOPATHO K AaHTEHHE, M0MaaeT B BOJIHOBO/, KOTOPBIM OHA
HalpaBJsIeTCsl K UyBCTBUTENbHOMY NMpUEMHUKY. [locne nanpHeimeil 00paboTKU cuUrHana OH, B
KOHIIE KOHIIOB, TIOSIBJIIETCSL Ha 3JIEKTPOHHO-TyuYeBoil TpyOke (DJIT) B Buae pagapHoii kaptel Al.

B MUKpOBOJIHOBBIX I€4ax BOJHOBOJ| 3aKaHYHMBAETCS OTBEPCTHEM, IMPO3PAYHBIM ISl pajno-
4acToT (HEMOCPEICTBEHHO B KamMepe JUIsl TOTOBKM). BaxHO, 4TOOBI BO BpeMst pabOThI €YU B HEH
HaXOJAWINCh MPOAYKTHL. Tora MUKPOBOJIHBI MTOTJIOIIAIOTCS BMECTO TOI0, YTOOBI OTpa)xaTbest 00-
paTHO B BOJIHOBOJ, e MHTEHCUBHOCTb CTOSYMX BOJIH MOXKET BbI3BaTh HUCKpeHue. Vckpenwue,
IPOIOJIKAOIIEECs] JOCTATOYHO JOJT0, MOXKET MOBPEIUTh MarHeTpoH. Eciu B MUKPOBOJIHOBOM
€Y TOTOBUTCS HEOOJIbIIOE KOJIMYECTBO MUILY, JIyUIlle IOCTABUTh B KaMepy €ILIE U CTaKaH BOJbI
JUISl IOTJIOIEHHSI MUKPOBOJIH.
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N3YYEHUE DODPEKTA XOJUJIA B [IOJYITPOBOJHUKAX
Paccmompen aghgpexm Xonna, onpedenenvt nocmosnnas Xonna u KOoHyeHmpayus Hocumenel 3apsod.

O ekt Xomna 3aKkitoyaeTcs B MOSIBIECHUH B IPOBOJHUKE (WM B MOJIYIPOBOAHUKE) C TUIOT-

—

HOCTBIO TOKa j , IOMEIIEHHOM B MarHuTHoOe nojie B, HanpsbkeHus U B HanpaBieHHH, EPIICH-

JTUKYJSIpHOM BekTopam j u B (puc. 1). Dddexr otkpeiT B 1879 r. amepukaHCKkuM (pu3nKoM
O.I'. Xom10M, KOTOPbIH SKCIIEPUMEHTAIBHO YCTAHOBHUJI CIEAYIOIINE BBIPAKCHUS HANIPSIKCHUS

IB
U=R—, 1
y (1)
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rae R — ko3 dunment Xosia, ero BeIMYMHA U 3HAK 3aBUCIT OT XUMHUYECKOTO COCTaBa MPOBOJI-
HUKa, OT TEMIIEPATyphl U 3apsija HOCUTENEH Toka; [ — cuiia Toka B 0o0pasiie; B — MHIIYKIIHs Mar-
HUTHOTO TOJIST; d — TOoNIMHA o0pasia.
Teopus >¢ddexra Xomra. [TycTh HOCHTEISIMHA TOKA SIBIISTFOTCS JIEKTPOHBI (HAIIPpUMEp, B METaJlIax
¥ MPUMECHBIX IMONYIMPOBOAHMKAX 7-ThMa). IIpH MPOTEKAHWH B 0Opasle TOKA ILIOTHOCTHIO J
AJIEKTPOHBI UMEIOT CKOPOCTh apetida v 1] J.

Ecim mpoBOAHMK ¢ TOKOM MOMEIIEH B MarHUTHOE TI0JIe, TO Ha JIEKTPOHBI IEHCTBYET CHIIa
Jlopenua:

F,=—¢[iB], )

BBI3BIBAIOLIAs MepepacipeeieHue 3apsiia B HalpaBJIeHUU ocHu Y
(puc. 1). OnexTpoHs! OyaAyT OTKIOHATHCSA K OAHOW M3 IrpaHei, oc-
TaBJIsIsl Ha MPOTHBOIIOJIOKHOW HECKOMIIEHCUPOBAHHBIA I0JIOKH-
TeJbHBIN 3apsa]. B pesynbrare BIOAb OCH Y NOSBUTCS 3JIEKTpHYe-

ckoe mone E, NCHCTBYIOLICE HA JJICKTPOH ¢ cuion £, =—ek

KOTOpasi HallpaBJieHa IIPOTHBOMNOJIOKHO cuie Jlopenua. Cranmo-
HApHOMY COCTOSIHHIO COOTBETCTBYET yciloBue: F,, = F,, Tak Kak

BEKTOp CKOpocTH vV L B: Puc. 1. Ddpdexr Xomna
ek, =evB. (3)
W3 ypaBHenus (3) HaXOQUM HANpPsSKEHHOCTh Mo XoJsuia

Eysz. “4)

Pa3nocTh moteHnmanoB Mexay rpansamu 1 u 2 (Hanpspkerue XoJjuia) paBHO:
b
U=|[E,dy=vBb, (5)

riae b — pa3mep oOpasua BA0JIb HAIIPaBIEHUs 1101 X0JlJIa.
BeIpa3umM CKOpPOCTB 3JIEKTPOHOB v Yepe3 CHITY TOKa C TIOMOIIBIO (OpMYIT

I=jbd; j=env;10 v= , 6
/ / enbd ©)
IrJIe # — KOHIIEHTPAIHsl SJICKTPOHOB MPOBOIMMOCTH B 00pasIie.
Hanpsiokenne Xoina coriacHo ypaBHeHUIO (5) ¢ yuérom dopMyiisl (6) rmoirydaeM B BUIE
I IB 1B
U=— —=R— , (7)
en d d
1
rie R =— —xoaddurment Xosma. (8)
en

Bonee crporast Teopusi, yUMUTHIBaIOIIas B3aUMOJICHCTBUE HOCUTENEH TOKa (IJIIEKTPOHOB) C
KPUCTAJUIMYECKON pelIETKOM, 1a€T MOCTOSIHHYI0 X0JII1a

R:_a (9)
rac r — XOHH-CbaKTOp. I[J'IH ci1abo JISTUPOBAHHOTO T'€pMaHus IIpU KOMHATHOU TEMIIEPATYPEC

r=3r1/3.
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N3 popmymner (8) cienyer, uro 3HaK Koddduumenta Xomna onpenensercss 3HaKOM 3apsiaa
HOcHTeNeH Toka. {11 MeTaJlJIoB ¥ TPOBOAHUKOB #-THIA BelnyrHa R<(), a 1715 NOIyNIPOBOJHUKOB
C IBIPOYHOM POBOAUMOCTBIO (p-THna) R>0.

Meton uzydenus 3¢pdexra XoJia

Hanpsioxkenne Xoina cormacHo ¢popmyiie (1) THHEHHO 3aBUCHT OT MarHUTHOW MHIYKIIUU B 1
OT TOKa /, MPOTEKAIOIIEro B JaTyMKe. B KauecTBE MCTOYHMKA MOCTOSHHOIO MarHUTHOIO IOJIS
MO>KHO HCIOJIb30BaTh 3JIEKTPOMAarHuT. BennynmHa MHAYKIMKM MarHUTHOTO 1OJIst B B 3a30pe dJekK-
TPOMarHuTa HEJIMHEHHO 3aBUCUT OT HAaMarHWYMBAIOLIETO TOKa I,y B ero oomorke. OaHako Ha
KPUBOW HAMarHWYUBaHHS cepiaedHuka B=f(l,y) MOXHO BBIICIUTH NMPAKTUICCKU JIMHEHHBIN y4a-
CTOK, JIJIs1 KOTOPOTO CIpaBeAuBa Gpopmyiia

B=%, (10)

7
riae U, = 47107 TH/M — MaruuTHas OCTOSIHHAS; N — YUCJIO BUTKOB 3JIEKTPOMArHuTa; /i — TOJIIHU-
Ha 3a30pa AJIEKTPOMArHHUTA.

3amaya u3MepeHus HampspKeHusi XoJula OCJIOXKHSIETCS TeM, YTO MPH MPOBEACHUU SKCIIEpPH-

MEHTA B INIACTMHKE MMEETCS HE TOJBKO mosie Xoyna £, HO ¥ dJIEKTpUYECKoe nosie £, co3naro-

1ee TOK B JaTYMKE (MpoIrycKaeMblil st Habmoaenus a¢gdekra). Ha puc. 2, a mokasaHsl 3TH B3a-
MMHO NEPIEHAUKYJISIPHBIE TIOJIS ¥ TIOJI0KEHUE TIPOBOJAHUKOB (2'—2"), MPUMASIHHBIX K JATYUKY IS
U3MEPEHUs HaNpsDKEeHUs Xoula.

Ha puc. 2, a BuaHO, 4TO B ciiyyae, €Ciiy JUHUS U3MEPUTEIbHBIX KOHTAKTOB (2'-2') cmemieHa
OT HJIeanbHOM (2—2), KOTOpas JOJKHA OBITH CTPOr0 HOpMasibHA JIMHUM TOKa [ (Mmoo E), To u3-
MEpeHHas BeauunHa U] OKakeTcs MEHbILE, yeM HampsbkeHue Xoia (npu cmemeHuu 10 Mkm
A U=5 mB), torna U; =(U-A U).

U3 puc. 2, 6 BuanM, 4TO JOCTATOYHO U3MEHHUTH TOJILKO HAIPABICHUE WHAYKIUN MarHUTHO-
ro moJjst B, uto6s! Ha uHUM (2'-2") u3meputs Hanpspkenue: U,=(U;+ A U).

Hcnons3ys 3nadenus U u U,, UCKIIIOYaeM HEU3BECTHYIO IIOTPELIHOCTh U HAWJIEM 3HAYCHUE
HOTEHIIMAaIa X0oJIa:

_[oi]+]0,]
T

U (11)

JlJig SKCTIepUMEHTANBbHOM pealli3aliy 3TOro MpUueMa U3MEHSIOT HamnpaBlieHue Toka / B 00-
MOTKE 3JIeKTpoMaraurta. Kak ciienyer u3 puc. 2, 6, Ipu 3TOM U3MEHSETCS M MOJIIPHOCTh HAIpsi-
sxenusa XoJuia.

2

Puc. 2. I/IBMCpeHI/Ie HaIpsKCHUA Xomna: [ — HaIlpaBJICHUEC TOKA B IPOBOJHUKE;
B- HAIpaBJICHUEC MAIrHUTHOT'O I1OJIA; E- HalpaBJICHUC DJICKTPUICCKOI'O MOJIA

Onucanue yCTAaHOBKH
DJeKTpuyuecKas cxeMa yCTaHOBKH Ipe/ICTaBiIeHa Ha pUc. 3. (MOHTaXHasi — Ha pHcC. 4).
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Puc. 3. Onekrpuueckas cxema; 7 — MuUHUOIOK «Dddext Xomaa»: (1—1) — 1ens nuTaHus 3IeKTPOMArHnTa;
6 — NEKTPOMArHMT; 8 — mepeKmoYarensb; 9 — mynsTuMeTp (peskum 4 — 200 MA, Bxoasl COM, mA);
(2-2) — nenp u3MepeHust HanpspkeHUs Xomna: 5 — Mmynstumetp (pesxxuM V — 2V, Bxonst COM, VQ);

(3-3) — nenp nutanus gatunka Xoiwia (/1): 4 — HICTOYHHUK CTAOUITU3UPOBAHHOTO MTOCTOSTHHOTO
HanpspkeHus «+15B»; 10 — perynupyemslii HCTOUHUK MOCTOSTHHOTO HanpsikeHud «0...+15 B»

Puc. 4. Munu6siox « ¢ dext Xommay:
1 — aNeKTpOMarHur;
2 — mepeKIIIoYaTeNb HAlpaBIeHHsS TOKa
B 0OMOTKE 3JICKTPOMArHUTa;
3 — matuuk Xoiia

Munu6mnoxk (puc. 4) He0OX0IMMO YCTaHOBHUTH HA MeCTO 2 HabopHOTO 1ot (puc. 5). Bxon B
naTdyrka XoJuta 3 He0oOXOAMMO MOAKIIOUUTH K 3emie (cMm. puc. 1). Bxog C Heobxonumo moj-
KJIIOUUTh B CTAOMJIM3UPOBAHHOMY HampsbkeHuto «+15B» (cM. puc.l), B pesynbpTaTe 4ero B Jat-
YHKE YCTaHABIMBAaETCsS paboumii TOK.

I =5 MA. Bxoa A snekTpoMarHuTa cjieyeT NOAKIIOYUTh K PEryJIUPyeMOMY UCTOUYHUKY TO-
crossHHOrOo HampstkeHust «0...+15 B» (Beixon 12). Hanpsbxenue ¢ natuymka Xojia CHUMAKOT C
BbixosIoM DE. [lepexitouareneM 2 n3MEHSETCsl HAPABJICHUE MATHUTHOTO TTOJIS.

MoHTaxkHasi cxeMa ycTaHOBKU MUHUOIIOK «Dd ekt Xoiay mpeacraBieHa Ha puc. 5.

+15B =

Puc. 5. MonTaxHas cxema: 5 — mynsTuMeTp (pexxuM V' — 2 B, Bxoget COM, VQ)); 7 — MUHHOIOK
«3ddext Xomray; 9 — mummmammepmetp (pexxam 4 — 200 MA, Bxonsl COM, mA) (cMm. puc. 2)
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MHot0 Npou3BeAEHBI CIEIYIOIINE N3MEPEHUS:

[Mapamerps! ycranoBku: /=5 MA, N=200, #=1,2 mm, d=0,1 mm

Benmmunna
Ne Ly, MA U, MB U,, MB U mB B, MTn R
1 10 - -0,020 0,01 21
2 20,8 0,008 -0,031 0,0195 437
3 30,4 0,017 -0,040 0,0285 63,8
4 40,2 0,027 -0,050 0,0385 84,4
5 50,7 0,038 -0,061 0,0495 106,5
6 60,4 0,048 -0,071 0,0595 126,8
7 70,1 0,058 -0,081 0,0695 147,2
8 80,1 0,069 -0,091 0,08 168,2
9 89,9 0,079 -0,101 0,09 188,8
10 99,7 0,088 -0,110 0,099 209,4

ITo sKcTIepUMEHTANBHBIM IaHHBIM HOCTPOWI IpadyK 3aBUCUMOCTH HampspkeHus Xomta U
OT MHAYKUUK MarHuTHoro noist B. U = {(B). Onpexaenum yriaoBoit koapunuent K skcrnepruMeH-

TaJIbHOM MpsiMOil kak oTHomeHue AU k AB (K = %)

4,5%107°*0,1*%107°
5%107°
Hcnons3ysa ¢opmyny (7), Hamen 3Haue€HHE NOCTOSHHOW Xoiia JUIs UCCIEAYeMOro IMoiry-
HpOBO,Z[HI/IKaI

R= =9%107 MY/Ko.

4,5%107 *0,1*107
5%107
O1eHUIT MOTPEIIHOCTh U3MEPEHUH MOCTOSTHHON XO0JUTa, YUYUTHIBasK TIOTPEITHOCTH TPUOOPOB,
3,2 %.
Ha ocnoBanum BbipakeHusi (9) BBIYMCIUM KOHIIEHTPALMIO JBIPOK 71 B UCCIEAYEMOM IpPO-
BOIHHUKCE:

R= K% (M’ /Kn); R = =9%10” m’/Ku1.

r L1775

— _ _ 26 3
" R-e 9*105*1,6%10™ =8I TI0T ).

n

Takum 00pa3om, s U3y4rII siBJICHUE XO0JUla, OMPECIHI €ro MOCTOSHHYIO M KOHLICHTPALIUIO
3apsga. Dddexr Xomra — Hanbosiee A3 HEKTUBHBIA METOJT U3YYCHHS SHEPTETUUICCKOTO CIIEKTpa
HOCHTENIEeH TOKa B METAJIaX U MOJIYyHpPOBOAHUKAX. OH MPUMEHSETCS TAKXKE /Il YMHOKCHHUS 10-
CTOSTHHBIX TOKOB B @HAJIOTOBBIX BBIYMCIMTEIILHBIX MAIIMHAX, B M3MEPUTEIHLHON TEXHUKE (IaTuu-
k1 X0JUTa) U ONpPEACICHUH HHIYKIIMA MArHUTHOTO TOJISL.
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THE STUDY OF THE HALL EFFECT IN SEMICONDUCTORS

In this study, the Hall effect is considered, the Hall constant and the concentration of charge carriers
are determined.
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AJNIEKTPUYECKHUE METO/IbI HEPA3PYITAEMOI'O KOHTPOJIA

Paccmompenvr anexmpuueckue memoowvt Hepaspyuiaroujeco Koumpons. Ilpusedenvt npumeput uc-
NONb308AHUS MEMOO08 HA NPOU3BOICEE.

Henbto HacTosiieil paboThl ABISETCS CUCTEMATHU3AlMs 3JIEKTPUUECKUX METOJ0B Hepaspy-
IAFOIIET0 KOHTPOJISL.

DnexTpuuecKkue MeToabl Hepaspyiawmero koHtpons (OMHK) ocHoBaHBI Ha co3qaHUM B
KOHTPOJIUPYEMOM OOBEKTE AJIEKTPUYECKOro MO JIMOO HEMOCPEICTBEHHBIM BO3JIEHCTBHEM Ha
HEro 3JIEKTPUYECKUM BO3MYIICHHEM, JTMOO KOCBEHHO C MOMOIILIO0 BO3JACHCTBHS BO3MYILICHUSIMU
HEDJIEKTPUIECKOW MPUPOBI (HAIIPUMED, TETUIOBBIM, MEXaHUYECKUM U JIp.).

[To naznauenuro SMHK nenstces no onpeneneHnIo UCCIEAyEeMbIX XapaKTEPUCTUK COCTaBa.

Onexmpoemrxocmuulii memod kKoHTpons (OMK) npenycmaTpuBaeT BBeJCHHE O00OBEKTa KOH-
TPOJISl WK €TI0 UCCIEAYEMOT0 YYacTKa B 3JIEKTPOCTaTUYECKOE TOJIE.

NudopmaruBrocts DMK omnpenensercs: 3aBUCHMOCTBIO TIEPBUYHBIX MapaMETPOB EMKOCTH,
TaHTeHCa yTJia OTEePh OT XapaKTEPUCTUK 00BbEKTa KOHTpOJIs (puc. 1).

O OET FEPE Y LR YL
KOHTPOUEN 3K TRHHECEEH
aMaTOAMER (FAC)

| JrakTpRYstkae
b TP B A T
OusnoxTpMuEC KRR
st EMEDCTR, ©
oy g
O MR THASECHAL
NOTaERE
ok L
TaHresc yrna RoTips., |
MrcTsoeTs ity E ::.,:\\ e ==
E—, VT MoaepIHocTHOD
PAAMONPOIPEMHOSC T N \ EOCTONHME
; MpoROOHMOOTE
YEaR o == [compoTameHee R} € BryTpatHne
CONPOTHRMABHSE HB P RO HEH R

Puc. 1. Cxema Bo3meHCTBHSI XapaKTEPUCTHK OOBEKTAa KOHTPOJISA Ha SJIEKTPUICCKHEC TTapaMeTPhI
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Koceennbim mytem ¢ nmomoribio DMK MOKHO onpenenuts u Apyrue pU3HuecKue U CTpyK-
TYpHBIE XapaKTEPUCTUKH MaTepuaya: IUIOTHOCTb, COJECPKAHUE KOMIIOHEHTOB, MEXaHHYECKUE
[apaMeTpsl, TOIIINUHY, IPOBOJAIINE U AUIEKTPUUECKHUE BKIIIOUEHUS U T.I1.

DEeKTPONOTEHMAIbHBIE METObI Pa0OThl IEKTPONOTEHIMAIBHBIX TPUOOPOB OCHOBaHA Ha
OpsIMOM TIPOIYCKaHMM TOKAa 4Yepe3 KOHTPOJUPYEMBIM yuyacTOK U HM3MEPEHUU Pa3HOCTH
IIOTEHLIMAJIOB Ha ONPEACIEHHOM Y4aCTKe.

[Ipu mporyckaHuu yepe3 ANEKTPONPOBOAAIIUN OOBEKT 3JIEKTPUUYECKOIO0 TOKa B OOBEKTE
co3maéres DJIEKTpUUYECKoe IoJie. ['eoMeTpuyeckoe MECTO TOYEK C OJMHAKOBBIM MOTEHIUAIOM
COCTaBJISIET PKBUIIOTEHIMANIbHBIE JIMHUU (puc. 2). Ha pucyHke mokaszaHo pacrpeneseHue KBU-
MOTEHUUAIBHBIX JIMHUW MPU OTCYTCTBHU (pHUC. 2, @) u Hanmuuuu nedekra (puc. 2, 6). Paznocts
MOTEHIINAJIOB 3aBUCUT OT TpeX (haKTOPOB: yNEIBHOU AJIEKTPHUECKON MPOBOJUMOCTH, TE€OMETPH-
YECKHUX pa3MepoB (HampuMep, TONIMHbI) U HAJTMYUS TOBEPXHOCTHBIX TPELIHH.

SHHEHEHFTEH A B LA E CTHAHHE

CrrsoBkic SHEEA Tk .
al CRmonki® SHEEH T 5}

Puc. 2. Pacnpej:[eneﬂne SKBUMNOTCHIIUATbHBIX JIMHHUH

DeKTPONOTEeHIMANIbHBIE PUOOPHI MPUMEHSIOT ISl U3MEPEHUS TOIIIUHBI CTEHOK JeTajei,
JUTS U3YYCHUSI aHU30TPOITUH SJIEKTPUIECKUX U MAarHUTHBIX CBOICTB, 00YCIIOBIIEHHON MPUIIOKEH-
HBIMH K OOBEKTY KOHTPOJIS MEXaHWYECKUMH HANpsOKHUSAMH, HO OCHOBHOE Ha3HAYCHUE ITHX
npuOOpoOB — M3MepeHue TIyOWHBI TPEelluH, 0OOHApYKEHHBIX APYTUMH METOAAMH HEpa3pyllIaro-
IIEro KOHTPOJISL.

[Tpumenenne u3mepuTeneil TTyOUHBI TPEIIMH COBMECTHO C IPYTMMHU METOJIaMH, HAaIIpHMeED,
MarHUTOIOPOIIKOBBIM WIIM KalWJUISIPHBIM, MO3BOJISIET MOBBICUTH 3()(EKTUBHOCTh OOHAPYKEHHS
TPELIH.

[ToMUMO KOHTPOJIS TPEIIHH, SJIEKTPONOTEHINATBHBIE METOABI HCIIOIB3YIOTCS IIPU KOHTPOJIE
YACTBHOTO COMPOTUBIICHUS TIOTYTIPOBOIHUKOBBIX CTPYKTYP.

Tepmosnekmpuueckue memoosl: TPUOOPHI HEPA3PYIIAIOIIErO KOHTPOJISL, OCHOBAaHHBIC Ha
TEPMODJICKTPUIECKOM METO/E, HAXOAAT MPUMEHEHHE MPH KOHTPOJIE JIeTalleii I0 MapKaM CTajei,
IpY KOHTPOJIE NOTYIPOBOIHUKOBBIX IUTACTHH IO TUIIAM POBOAUMOCTEH H T.II.

a) KoHTposb neraneii mo Mapkam cTajeu.

Hcrounnkom uHpopManuu 0 GU3NIecKoM COCTOSTHHN MaTepuaia IMpH TEPMOIICKTPHUECKOM
METOJIe Hepa3pyIIaroLero KOHTpos apisiercss Tepmo-O/1C, Bo3HUKarOmas B IETH, COCTOSIIEH
U3 Tapbl DJEKTPOJOB (TOPSUET0 M XOJIOJHOTO0) W HaJM4YMe KOHTPOJIMPYEMOTOo MeTajla HIIH
HOJTYIPOBO/IHUKA.

O06paboTka MHGOpPMALUU MOXKET MPOBOAUTHCS MM MYyTEM MPSMOr0 MpeoOpa3oBaHUs WU
QG epeHITMPOBAHHBIM METOAOM (pHC. 4, a U puc. 4, 0).

6) KoHTposp THa mpoBoIMMOCTH MOHOKPHUCTAJUIMYECKUX CIUTKOB M TUIACTHH.

[Ipu HarpeBe TOKOMOJBOJA CKOPOCTH AJIGKTPOHOB B HEM CTAaHOBUTCS OOJbIle, YeM B
XOJIOTHOM, TIOATOMY OHH JAU(GGYHAUPYIOT OT TOPSYEro TOKOMOABOAA K XOJIOJAHOMY 0 TeX TOp,
MOKa TOPSYMIA TOKOIIO/IBO/I, OT/IABIINN JIEKTPOHBI, HE OKAXKETCS 3apsDKEHHBIM MOJIOKHUTEIBHO, a
XOJIOJTHBI TOKOTIOIBO/, MOJTYYMBIINN H30BITOK, 3apsIIUTCS OTPULIATENBHO (pUc.4, a) (B KpeMHHH
WIA apCeHHIE TaJUIHA), OBIPKH TUPPYHAUPYIOT OT TOPSYEro TOKOMOABOAA K XOJIOIHOMY, U
rOpsSTYUi TOKOTIOJBOJI 3apsDKACTCsl OTPULIATENBHO (puc.4, 6).

140



THII T THI ]

II. Ill |I o )
1 3 ; - s |, = i
51 (GaAs) b S1 (Fads)

~ m - p 2

B — AICKTPOHE {1 =— DLIpPEH

Puc. 3. KoHTpOob THIIA TPOBOJUMOCTH MOIYIPOBOIHUKOB 110 3HaKy TepMo-OJC: a — n-THIr; 6 — p-THI

Hmnynochoitl memoo puMeHsIeTCs JJi ONpeAeSICHUs] 30HbI MOBPEXKICHUS Kabelns B JII0ObIX
Ciy4asx, KpoMe 3ariIbIBatoIero mpo0osi, Ipu MepexoHoM conpoTuiieHnr 10 150 Om.

MeTton oOcCHOBaH Ha W3MEPEHMHM UWHTEpBalla BPEMEHH MEXKIY MOMEHTaMH MOJauu
30HJUPYIONIETO HMITyJIbCa TMEPEMEHHOTO TOKA W TpHUEMa OTPAXKEHHOTO0 HMITyJibca OT MeEcTa
noBpexaeHus. CKOpOCTh PacHpOCTPaHEHUS HMIYJIbCOB B KAOENbHBIX JIMHUAX BBICOKOTO U
HU3KOTO HANPSDKEHUS BEJTMYHMHA IOCTOSTHHAS M paBHA 160 M/MKC, MO3TOMY IO BpeMeHH mpodera
UMITYJIbCA JI0 MECTa MOBPEXKACHUS U O0paTHO OMPEENIAIOT PACCTOSHUE JI0 TOUKH MMOBPEKICHUS

Kaoes.
A A
S
TE NN Wi, ]
1 1
a) 0)

Puc. 4. Dxpan mprubopa pu onpeneIcHIH MTOBPEXKICHHOTO Kabems

Pexombanuyuonnoe uznyuenue TIOMUHECIICHIIUS MTOJIYIPOBOJAHUKA (M AUDJIEKTPUKOB), 00Y-
CJIOBJICHHAs] peKOMOWHAIMEl HEPaBHOBECHBIX JIEKTPOHOB U JBIPOK. B oTnmume ot Apyrux BH-
JIOB JIIOMUHECIICHLIUU, NOJ] PEKOMOAHMLIMOHHOM H3JIy4YeHHEM IOHMMAIOT IPOLECC, KOTOPOMY
MpeAlecTByeT oopazoBanue cBOOOAHBIX HOocuTesel 3apsna. [lo cmocody Takoro Bo3Oy)aeHUs
pas3InyaoTcs HECKOIBKO BUJIOB PEKOMOAHUIIMOHHOIO M3JTyUeHHsI: KaTOJOJOMUHECLEHIINS (BO3-
OyKIIeHHE AJIEKTPOHHBIM ITYYKOM), MCIIONb3yeMas B JIIOMHHECIEHTHBIX JKpaHaX M KaK METOJ
XMMHUYECKOI0 U CTPYKTYPHOTO aHajM3a, a TaKKe B MOJIYIPOBOJHUKOBBIX JIa3epax; 3JIEKTPOIIO-
MUHECLECHIIHS, IPUMEHIeMast B CBETOAMO/IAaX U MH)KEKIIMOHHBIX Jla3epax; (POTOTFOMHUHECICHIIHS.

Dnexmpocmamuueckuii nopowikoswviti memoo. Pu3ndeckas CymHOCTb 3IEKTPOCTATUYECKOTO
MOPOLIKOBOTO METO/Ia 3aKJII0YAeTCs] TAaKXKEe B HCIOJIB30BAHUU TPUOODIIEKTpUYECKOTO 3(PdeKTa.
HasnekTpu3oBaHHbIN AUAIEKTPUUECKUI MTOPOILIOK, MONaAas Ha IOBEPXHOCTh JUAJIEKTPUUYECKOTO
OK, co3maer Ha HEM 3JIEKTPOCTATHUYECKUN 3apsii MPOTUBOIOJIOKHOIO 3HAaKa. DJEKTPOCTATH-
yeckoe noje Ha noepxHoctd OK uckakaercs nmpu HaIM4YMM JeQEKTOB, HAIPUMEp TPEIUH, Ha
KpasiX KOTOPBIX CO3JIAIOTCS 3JEKTPOCTATHUECKUE IO paccesHus. B pesyibTare mopoImok oce-
JlaeT Ha Kpasx TPELIMH, Jejasi UX BU3YaJIbHO Pa3IuYMMbIMH.
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YyBCTBUTEIBHOCTH 3JEKTPOCTATHYECKOTO MMOPOIIKOBOIO METOa U ammaparypa. Meron mo-
3BOJISIET BBISIBIISATH TPEIIMHBI ¢ packpbiTheM 0,1 MKM, IpH 3TOM MOPOIIKOBOE N300paKeHUE Tpe-
LIMHBI MOXKET UMETh LIMPUHY 110 3 MM, T.€. mpoucxoauT yseanueHue B 30 000 pas.

MeTo/1bI JIEKTPUYECKOT0 KOHTPOJIS MTO3BOJISIOT ONPENEIATh 1e(EKThl pa3InYHbIX MaTepra-
JIOB, U3MEPSThH TOJIIMHBI MMOKPBITHA U CIIOEB, COPTUPOBATH METALIBI IO MapKaM, KOHTPOJIHUPO-
BaTh JTUAJIEKTPUYECKHUE WM TIOTYIIPOBOIHUKOBBIC MaTEPUAIIbI.

JIOCTOMHCTBaMHU JTaHHBIX METO/IOB SBIISICTCSI KOHTPOJIb 00BEKTa 0€3 JeMOHTaXa, OCYIIECTB-
JSITh TMArHOCTHKY BHYTPH 00BEKTA JUI HAXO0XKICHHUS HEUCIIPABHOCTH

HepnocratkamMu nepedncieHHbIX MeTon0B 3JekTpudyeckoro HK sBistroTcs HeoOXoaMMOCTb
KOHTaKTa C 00bEKTOM KOHTPOJIS, dKECTKHE TPEOOBAHMS K YUCTOTE MOBEPXHOCTH U3ICIHSL.
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YCTPOMCTBO SJIEKTPOJABUTATEJISL. ACTOPHUS CO3TAHUS
IJIEKTPUYECKHUX MAIIINMH

Ilpeocmasnena ucmopus co30anus u NPUHYUN padbomsl 31eKmMpoosuames, a makice npUMeHeHue
YCMPOUCMSEA 6 PA3TUYHLIX OMPACTIAX NPOMBIULIEHHOCTHU.

Beenenue. UcTopust co3qanus MepBoro 3JIeKTPOABUIraTe s

Hcropus co3ganus 3Toro ycrpoiictsa HauumHaercs B nepBoil nojosuHe IXX B. Xanc Kpu-
CTHaH DPCTeX 3aMETHII, YTO NP IIPOITyCKaHUU Y€Pe3 IPOBOJHUK JIEKTPUYECKOTO TOKA MarHUT-
Hasl CTpesika KoMIaca, KOTOPbI HAaXOAMJICS B HEMOCPEACTBEHHOM OJIM30CTH OT IMPOBOJA, ITOBO-
payuBaach MEPIECHIUKYJIIPHO POBOJAHUKY, YTO OH U IPOJAEMOHCTPUPOBAII HA CBOEH JICKLUU B
1820 r. B KoneHrareHckoM YHUBEPCHUTETE.
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HmeHHO TOTI@ BIIEPBBIE IKCIIEPUMEHTAIBHO ObLIa JOKa3aHa B3aWMOCBS3b MEXKIY JJICKTPH-
YEeCKMM TOKOM M MarHeTU3MOM (4TO B CBOIO OYepe/ib Jajlo TOJYOK JUIsl pa3BUTHUS TEOPUU MUKPO-
TOKOB M MAaKpOTOKOB, OTKPBITUIO AJIEKTPOMArHUTHOM MHIYKIUH). DTO OTKPHITUE BJIOXHOBUJIO
nenbii pan yuénsix: Ammpea, buo, Casapa, ®@apanes u ap.

[Tocnenyromue uccreqoBaHUS B 3TOM 007acTH NMPHUBETHM K MHOTOYHCICHHBIM MOIBITKAM
BO30YyAMUTh TOK B KOHTYpE C NMOMOILBIO MarHUTHOIO Nojst. DTa (pyHIaMeHTalbHas 3a7adya Oblia
onectsame pemena B 1821 r. anrnmiickum ¢usuxkom M. dapaneem, OTKPBIBIIUM SIBICHUE DJIEK-
TPOMAarHUTHOM MHIAYKUMHU. OHO 3aK/IH0YaOCh B TOM, YTO B 3aMKHYTOM IIPOBOJSIIEM KOHTYpeE
IpU W3MEHEHHWU NOTOKAa MAarHUTHOM MHIYKIMH, OXBAaThIBAEMOT'O0 3THUM KOHTYPOM, BO3HMKAET
ANEKTPUYECKUN TOK, MOJYyYMBIIMM Ha3BaHUE MHAYKUMOHHOTO. Takke M. @apaneil CKOHCTpyH-
pOBaJI MEPBbIl NPUMUTHUBHBIN AJEKTPOABUraTeNb. Ero KOHCTpYKLUMS MpeacTasisiia co0oil cBo-
00/HO BUCSIIUI MPOBOJ, KOTOPBIA MOrpy’Kajics B BaHHY C PTYTbIO, B LIEHTPE BaHHOUYKU MOMe-
11aJIcsl MOCTOSIHHBIN MarHuT. Korja uepes npoBoJ MpoIyCKaiu IEKTPUYECKUI TOK, IPOBOJ Ha-
YMHAJI BPALAThCsl BOKPYT MarHuTa. OTOT JBUraTellb 4acTO JEMOHCTPUPYIOT Ha IIKOJBHBIX YPO-
Kax (pU3MKH, TOJTHKO BMECTO TOKCUYHOM PTYTH UCIOIB3YETCS PACcCO.

Cnyctst HekoTopoe Bpems Iociie 3kcriepuMeHToB Dapanes pycckuil Gpuzuxk Imunuii Jlen,
0000mmB mpojaenanHbie PapageeM OMBITH, CPOPMYITMPOBAT HOBBIH (yHIAMEHTAIBHBIA 3aKOH,
JTaBaBILUH BO3MOXKHOCTb O€301IMO0YHO OIPEIeINTh HAIIPABIEHHE HHAYLIMPOBAHHOTO TOKA.

Tak Ha3pIBa€MbIil IPUHITUIT 0OPAaTUMOCTH ObLIT 0Ka3aH JICHIIEM HE TOJBKO TEOPETUYECKH,
HO M DKCIIEPUMEHTAJIbHO: KaTYyIIKa IPU €€ BPALEHUN MEXy ITOJIFOCAMH MarHuTa reHepupoBaia
AIIEKTPUYECKHI TOK, OOpaTHasi peaKIys 3aKII09aiach B TOM, 9YTO KaTylIKa HauuHajla BpalaThes,
€CJIN Yepe3 He€ MPOILyCKaIU TOK.

B 1824 r. anrnuiickuii pusuk u marematuk [lurep bapnoy npeacraBun cBoii nepBblil yHU-
NOJIIPHBIN JIBUraTeNb, KOTOPBIM BIIOCJIEICTBUYU ONUCal B cBoell kHure «lccinenoBanne Marour-
HBIX IPUTSKEHUIN.

DTO yCTPOWUCTBO MPENCTABIISIO COOOM JIBa MEIHBIX KOJieca, HAXOAALIMXCS Ha OAHOM ocu. B
pe3yabTaTe B3aMMOAEHUCTBUSL MAarHUTHOI'O T10JIs1, TOPOKAAEMOTrO AIEKTPUUECKUM TOKOM, IIPOXOJIsI-
LIMM 4epe3 KOJIECA, C MArHUTHBIM T10JIEM IIOCTOSIHHBIX MATHUTOB KOJIECA HAYMHAJIN BPALATHCS.

VY4€Hble CTPEMUIIUCH CO3/1aTh JIEKTPOABUIATENb JIs IPOU3BOJICTBEHHBIX HY K. OHM IIbITa-
JUCh 3aCTaBUTH JKEJIE3HBIM CEPIECYHHMK [BHraThCS B IIOJIE DJIEKTPOMArHUTa BO3BPATHO-IIOCTY-
HaTeNbHO, YTOOBI ATO IBMXKEHHE TIOXOIMIIO Ha JBMKEHHE TOPIIHS B LIWIMHAPE TApOBOM MaIlIUHBI.

Pyccko-tipycckuii yuensiii b.C. SlkoOu He mpuHsI BO BHUMaHUE BO3BPAaTHO-TIOCTYIIATEILHOE
JBUKEHME U B 1834 1. co3nan nepBblii B MUPE IPAKTUUECKUNA PUMEHUMBINA 3JIEKTPOJBUTATEID C
BPALIAIOIINUMCS SIKOPEM, OJHOBPEMEHHO OITyOJMKOBAB CBOI Hay4HYyIO paboTy «O mpuMEeHEHUU
2JIEKTPOMAarHeTu3Ma Ui IPUBEACHUS B IBUKECHUE MALLIUHbLY.

b.C. SIxobu mucan, 94To ABUTATENb C BPAIIAIONIUMCS SIKOPEM MPOCT B CBOCH KOHCTPYKIIUU U
«JIaeT HEeMOCPEJCTBEHHO KPYTOBOE JBI)KEHUE, KOTOPOE ropasio jerde npeoOpa3oBarh B JpyTue
BU/IbI JBYOKCHHUS, YEM BO3BPATHO-TIOCTYIIATEIBHOEY.

B 1839 r. Slkobu mocTpouni JIOAKY C 3JIEKTPOMAarHUTHBIM JIBUTaTeleM, KOTOPBIA pa3BUBAJ
1 1. ¢. m gBuran noaky ¢ 12 maccaxkupamu nmo Hese mpotus TeueHus. ITO ObLT MEPBHIN Cydaid B
HCTOPUH, KOI/Ia AIEKTPOMAarHeTU3M UCII0JIb30BaJICS B IEPEABMKEHUN Ha 1aJIbHUE PACCTOSHUS.

OcHOBHAsl 4YaCTh. YCTPOWCTBO U NPUHIMI PA0OTHI 3JIEKTPOABHUIaTE sl

Bce anexTpoasurarenu paboTaroT M0 IPUHLKITY MATHUTHOTO MPUTSKEHUS U OTTAJIKUBAHUSL.

HpOCTOﬁ OIIBIT ITOKA3bIBACT, YTO CCJIM MCKAY CCBCPHBIM U FOXKHBIM IMOJIFOCAMU MAarHvTa I10-
MECTHUTb IPOBOJIOKY U MPOIMYCTUTH 10 HEM TOK, TO €€ BBHITOJIKHET HapyXxy. [leno B Tom, uTo mpo-
XOJIsl IO TPOBOJHMKY, TOK (hOPMUPYET BOKPYT ce0si KpyroBO€ MarHUTHOE IOJie 10 BCEeH JUIMHE
npoBojaa. MIMeHHO 3TOT mpoliecc OOBSCHSAET SIBICHHE, KOTOpoe Halmoaan Dpcrel, HmoMeras
MAarHuTHYIO CTPEJIKY PsIOM € IPOBOJHUKOM. HampasieHue 3Toro nois onpenessoT o NpaBuily
JIEBOU PYKH.

DTO 0YEHb Ba’XXHO, TaK KakK HOIIO6HOC MBI HUKAK HC CMOXKEM MOBTOPUTH C ABYMA IMOCTOSH-
HBIMM MarHuTamu (Co3/1aTh BEUHBIH JBHUraTelb), TaK KaK B3aUMOJIEHCTBUE OJHOPOAHBIX MOJEH
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MOCTOAHHBIX MAarHuTOB B UTOI'C IIPUBOJUT K 6aJIaHCI/IpOBaHI/IIO N TOPMOKCHHIO, YTO HC IMMPOUCXO-
JIUT TIPU B3aUMOJICHCTBUU KPYTOBOTO MarHUTHOTO TOJISi TPOBO/IA U OJTHOPOIHOTO MOJISl MarHuTa.

HpI/I B33HMOI[€I>1CTBPII/I KpYTOBOT'O ITOJISI IPOBOAHHWKA U OJHOPOAHOI'O IIOJIA MarHuTa Ipouc-
XOJIUT CIIeAyIolee: pe3yJbTUPYIONIas CUiia BBITAIKUBAET MPOBOAHUK M3 MOJIsSi MAarHUTa MOJ yT-
aoMm 90 ° B HallpaBJIEHUH, ONIPEEIIIEMOM 10 MPaBUILY JEBOW PYyKHU. JTa CHJIa HAa3bIBAETCS «aMIie-
POBOI», U €€ BelIMYMHA Ompeaensercs mo 3akoHy Ammnepa. Cuiia IelcTBHs OJHOPOJIHOIO Mar-
HUTHOT'O ITIOJI Ha TPOBOAHHUK C TOKOM IIPAMO IMPONOpHHUOHAIbHA CHJIC TOKA, JJIMHC ITPOBOJHUKA,
MarHMTHOTO IOJI U CHHYCA yTrja BEKTOpa MEXIy BEKTOPOM MHAYKIIUKA MarHUTHOTO MOJISI U IIPO-
BOJIHUKOM. DTO SIBJICHHE HCIOJIb30BAIN KaK OCHOBHOM MPUHIIMIT pabOTHI MEPBbIX JIEKTPOBUTa-
TEeJICH, OH Y€ HCIOJIb3YETCs U ceivac.

Jleucamenu nocmoannozo moka

B nBurarensix nocTossHHOTO TOKa MaJOd MOIIHOCTH JJIsi CO3JJaHHsI OJTHOPOJHOTO MarHUTHO-
'O MOJIA MPUMEHSIOTCS TIOCTOSIHHBIE MarHUTHL. B anekTpoMoTopax cpeaHei 1 O0JIbIION MOIIHO-
CTH OJHOPOJIHOE€ MAarHUTHOE IO0JIE€ CO3/1al0T C MOMOIIbI0 OOMOTKH 3JEKTPOMAarHuTa Wil UHIYK-
TOpA.

CoBpeMeHHbIHN IBUraTellb MOCTOSHHOTO TOKa BMECTO OJHOM paMKH MMEET SIKOpb ¢ MHOXKe-
CTBOM IIPOBOJHHKOB, YJIOXKCHHBIX B I1a3bl, 4 BMCCTO IMOCTOSAHHOT'O HO,Z[KOBOO6p&3HOFO MarHurTa —
cTaTop ¢ 0OMOTKOM BO30OYKIEHUS C ABYMS U OOJIee TIOJF0CaMH.

PaccmarpuBaemble yCTpoiicTBa OBIBAIOT MEPEMEHHOIO M MOCTOSIHHOTO TOKa. Bo Bcex cde-
pax, re IPUMEHSETCA 3JIEKTPOABUTATEb, Yallle OH UMEET MEePEeMEHHbIN TOK. Takoi MOTOp OT-
JIMYacTCd NPOCTBIM IMPUHIUIIOM pa6OTLI " JICTOK B 3KCILTyaTalluu. E,Z[I/IHCTBGHHLII\/JI CYHICCTBCH-
HBI HEJIOCTATOK 3aKJII0YaeTCsl B HEPEryJIUPYyEeMOil YacTOTe BpallleHUs. DJIEKTpUUECKUe ABUraTe-
JIX MMOCTOAHHOI'O TOKAa MOTYT UMCTL HapsAAy € IMOCJICAOBATCIBHBIM IMApaJlJICIBHOC U CMCUHIAHHOC
coelnHEeHuEe 0OMOTOK CTaTopa U sSKOps. VX MperMyiecTBOM SIBJISETCS CIEAYIOLIEE: ITO CIOCcCo0-
HOCTh PCryjisiiii 4aCTOThblI BPALICHHA. OI[HaKO IIpu 3KCIUTyaTalluu HCO6XOI[I/IMO IMPUMCHCHUC
CUJIBI.

dnexmpoosuzamenu nepemeHHo20 MmoKa

OCHOBHBIM U TJIABHBIM OTJIMYMUEM ABHUTATENs IEPEMEHHOIO TOKAa OT IMOCTOSIHHOTO SIBJISIETCS
TO, YTO CTATOPOM B JIBUTATEJIE IEPEMEHHOTO TOKA SIBJISIFOTCS IPOBOIHUKH, CO3IAIOIIIE KPYTOBOE
MAarauMTHOEC II0JIC, a POJIb AKOPA B TAKOM ABHUIATCIIC UTPACT MHOCTOSIHHLIM Mardur.

DneKTpUYecKUue JABUraTeId EPEMEHHOT0 TOKa MOTYT OBITh C OJHOW WJIM HECKONbKUMHU (a-
3aMu. YCTpOﬁCTBaMH, TAC MPUMCHACTCA SJICKTPOABUIATCIIb IEPEMCHHOI'O TOKA, SABJIAIOTCA TAKHEC
MAaIINHbBI, KOTOPBIM HE HYXHO PETyJIUpOBaTh 4acTOTy BpaiueHus. OHM MOTYT UMETh Pa3IU4YHOE
Ha3HaueHHe (IPOOMIIKU, HACOCHI, CTAHKH JIJIi 00paboTKuU AepeBa u T.1.). IX MOIIHOCTH COCTaB-
JISIET OT JABYX JIECATHIX 0 ABYXCOT U BBIIIE KUJIOBATT.

3akmouenue. [IpumMenenne y1ekTpoaBUraTeliei

JIBUraTens MpeacTaBIseT THIT JIEKTPUYSCKUX MAIIMH, PACCYMTAHHBIX JJISl IPe0Opa3oBaHUs
SHEpPIuu, a UMEHHO 3TOT BHJI YCTPOWCTB NPEBPAIIAET JIEKTPOIHEPIUIO B JBUTATEIBHYIO CHITY
WJIM MEXaHUYECKYI0 padoTy.

OH nosib3yeTcst 0OJIBIINM CIPOCOM BO MHOTMX OTpacisaX. VX MIHMPOKO MCMOJIB3YIOT B MPO-
MBIIUIEHHOCTH, Ha CTAaHKaX pa3jIMYHOTO MpeIHA3HAuYeHUS M B JPYTUX YCTAaHOBKaX, B MAIIMHO-
CTPOEHUH, K IPUMEPY, 3eMIIEPONHHBIX, IPY30MOABEMHBIX MAIIMHAX. Takke OHU paclpoCTpaHEHbI
B cepax HAPOTHOTO XO3SHCTBAa M OBITOBBIX MPUOOpPAxX; BO BCEX OOIACTSIX MPOMBIIIJICHHOCTH,
HauuHas OT JAepeBooOpadaThIBarOIed M TOpHOIOOBIBAIONICH M 3aKaHYMBasi POOOTOTEXHUKON U
CJIOKHOW WHKeHepueil. byas To kopabib, camosier, aBTOMOOWIb WM OOBIYHAS CTHpATbHAS Ma-
IMHa, Oy/1b TO BEHTHIALUSA O0bIINX 3AaHuH, TypouHa ['DC 1 MHOropyHKIMOHAIBHBINA pOOOT —
AIIEKTPOABHUTATENb SIBIISIETCSIb HEOTHEMIIEMOW COCTABHOM YaCThIO KaXKIOTO M3 3TUX YCTPONCTB.

Emé snexTponBurareny NpuMEHSIOTCA Kak IJIaBHAs COCTaBIIAIONIAs 3JIEKTPOIPUBOAA Pa3-
JMYHBIX CTAHKOB, TaK M B COCTaBE C OT/ACIBHBIMH YCTaHOBKAMH, /I HEOOXOIMMO Mpeodpa3oBa-
HUM 3JIEKTPUYECKON SHEPIMH B MEXaHUYECKYI0, HAllpUMep, BEHTUIISTOPHI ¢ KIMHOPEMEHHOM I1e-
penaveid, KOCWJIKHM Pa3InIHbIX MOTUPUKAIMHA U T.1.
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CriexkTp mpUMEHEHHUs] TOA0O0HON MAamIMHBl MO3BOJSIET HAaM MOJHOCTHIO aBTOMATH3HPOBATH
IPOU3BOJICTBO. DTO YCTPOWCTBO MOXKET PUBOJUTH B ABMKEHHE CTAHKU M IPYTHe BUIbl TEXHUKU
MOCPEJICTBOM BBITIOJTHEHUSI OIPECIEHHBIX KOMaH[, WH(POpPMAIHS O KOTOPBHIX MPEABAPUTEIHHO
3aHOCUTCS] B KOMIIBIOTEPHYIO IIPOrpamMmmy.
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I'MPOCKOII U EI'O IPUMEHEHUE B TEXHUKE
Paccmompennvl nekomopbie 8U0bl 2UPOCKONOS, A MAKICE UX NPUMEHEHUe 8 MeXHUKe.

I'mpockon — HaBUTalMOHHBIA MPUOOP, OCHOBHBIM 3JIEMEHTOM KOTOPOTO SIBISIETCA OBICTPO
BpaLIAIOLUICA POTOP, 3aKPEIUICHHBIN TAK, YTO OCh BPALLECHMs MOXKET IOBOpa4YuBaThCsa. Potop —
Bpallarollas 4acTh JIBUraTesel 1 pabounx MarivH.

Jlo n300peTeHuns THPOCKOIIA YEJI0BEYECTBO UCIIONIB30BAI0 PA3JINYHbIE METO/bI ONPEAEICHNUS
HalpaBJIeHUs] B IPOCTPAHCTBE. YK€ B JIPEBHOCTU MOSBUIIMCH IEPBbIE NMPUOOPBI: OTBEC U YpPO-
BEHb, OCHOBAaHHBIC Ha rpaBuTanuu. [IpenmymiecTBoM rupockomna nepes 6oiee IpeBHUMHU prUOo-
paMHu SBJISUIOCH TO, YTO OH IPaBUJIBHO pabOTaj B CIIOKHBIX YCIOBHSX (IU10Xas BUAUMOCTB, TPS-
CKa, DJIEKTPOMAarHuTHele nomexu). OJHAKO BpAIlEHUE TMPOCKONa OBICTPO 3aMEAJSUIOCh U3-3a
TpeHusi. Bo Bropoii nonoBune XIX B. ObLIO MPEATIOKEHO MCIIOJIB30BaTh IEKTPOJBUTATENDb IS
pasroHa u MojaJepKaHus BpaleHUs TUPOCKoIa. BriepBeie Ha pakTHKE THPOCKON ObLT IPUMEHEH
B 1880-x rr. uwxenepom OO0pu 1 crabunuszanuu Kypca topreasl. B XX B. THpOCKOIBI cTanu
UCIIOJIb30BaThCS B CaMOJIETAX, PaKeTaxX M MOABOJHBIX JIOJKAaX BMECTO KOMIIACA UM COBMECTHO C
HUM. be3 rupockonoB HEBO3MOKHO aBTOMAaTHYECKOE ynpasiieHue toprenamu. CaMoieTsl u Bep-
TOJIETBI 00OPYIYIOTCSI THPOCKOITMUECKUMHE PUOOpaMH, KOTOPBIE JA0T HAJEKHYIO HH(DOpMAIIio
JUIS CUCTEM CTaOMJIM3allMK U HABUTALUH.

Henbro nanHO# pabOTHI SBISIOCH PACCMOTPEHUE PA3IUYHbBIX BUAOB THPOCKOIIOB U UX MpU-
MEHEHHUE B TEXHUKE.

3agaum: 1. PaccmotpeTs kiaccu(uKauo TupoCKOIIOB.
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2. OneHuTh HEOOXOTUMOCTH MTPHUMEHEHHE THPOCKOIIOB B TEXHUKE.

I'mpockon n3zo00pén Norann bonenGeprep n omy0inukoBasl ONMCAHUE CBOETO U300pETEHHs B
1817 r. Onnako ¢paniry3ckuit marematuk Ilyaccon emé B 1813 r ymomunaer bonenbeprepa kak
u3o0peratelisi 3TOro ycrpoicTna. I 1aBHo# yacThio rupockona bonenGeprepa ObuUT BpallarOIHii-
Csl MaCCUBHBIN 11ap B KapaaHoBoM nojsece. B 1832 r. amepukanen Yontep P. Jl>xoHcOH npuny-
MaJl THPOCKOII ¢ BpawaromuMmces quckom. @paniy3ckuil yuénslii Jlamiac pekoMeH1oBal 3To ycr-
poiicTBO B yueOHbIX 1ensix. B 1852 1. ¢paniry3ckuii yuénsiii @yko yCOBEpIIEHCTBOBAI THPOCKOIT
U BIIEPBBIE MCIIOJIB30BAN €ro Kak MpuOop, MOKa3bIBAOIIMN U3MEHEHUE HAIPABICHUS, Yepe3 roj
nocie u3o0pereHuss MasiTHUKa DPyKo, TOKE OCHOBAHHOTO Ha COXPAHEHWH BpaIaTebHOIO MO-
meHTa. Umenno dyko npuayman Ha3BaHUE «TUPOCKOID», YTO o3HavyaeT «HabmonaTh BpamieHue».
®yko, kak 1 bonenbeprep, ucnonb3oBal kKapAaHoB nojsec [1].

Kaaccudukanus rupockonos

1. IIpocreiimue.

2. MexaHnyeckue.

3. Bubpanmonusie.

4. OnTuueckue.

5. JIByXCTEIICHHBIE.

6. TpexcreneHHble.

[IpocTelmuM TUPOCKONIOM SIBISETCS OOBIKHOBEHHBIN JETCKUN BOJYOK, OBICTPO BpaIIaro-
LIUICS BOKPYT CBOEHM ocH. OCh BOJIYKA MOKET U3MEHATH CBOE IOJIOKEHHUE B IIPOCTPAHCTBE, I10-
CKOJIbKY €€ BEpXHHI KOHEI] He 3aKperieH. DTO MO3BOJISIET OCH BOJIYKA 3aHATH JII000E TOJI0KEHNE
B IIpocTpaHcTBe. Takoil TUPOCKON UMEET TPU CTENEHH CBOOOIHI [2].

CaoiicTBa:

1. Ochb cTpemMuTCs yCTOMYUBO COXPAHATh B MUPOBOM IIPOCTPAHCTBE NMPUAAHHOE € IEPBOHA-
YaJlbHOE HallpaBJICHUE.

2. Ha och JEHCTBYIOT CHJIa MJIM HECKOJIBKO CHJI, CTPEMSIIUECS IPUBECTH OCh B ABH)KCHHUE.

Cpenu MexaHMYECKUX TMPOCKOIOB BBIIEISETCS POTOPHBIM THPOCKOI — OBICTPO Bpalllaro-
1ieecst TBEPAOE TEJO, OCh BPALLICHHUSI KOTOPOIO MOXET CBOOOJHO MU3MEHATh OPHEHTALMIO B IIPO-
cTpaHcTBe. [Ipy 3TOM CKOpOCTh BpallleHUs] TUPOCKONA 3HAYUTEIbHO IPEBBIIIAET CKOPOCTh I10BO-
poTa ocu ero BpameHus (puc. 1).

BLOEYT COTE BLTERA
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Puc. 1. Cxema npocTeiiero MeXaHH4eCKOro THPOCKOIIa B KapIaHHOM TI0IBECE

VYpouieHHOe OBEIEHUE THPOCKOIIA ONUCHIBAETCS] yPABHEHUEM:

_, dl d(l@)
M=—=—"=1I¢
t dt

OnTHdeckuii TUPOCKOM — ONTUKO-3JIEKTPOHHBIN MPUOOP, U3MEPSIONINI a0COMIOTHYIO YTIIO-
BYIO CKOpPOCTh. JlensiTcs Ha na3epHbie (AKTUBHBIE ONTHYECKHE) THPOCKOIMBI (PHUC. 2), MACCUBHBIE
ONTHYECKHE TUPOCKOIIBI, BOJIOKOHHO-ONTUYECKUE W WHTETpasIbHO-onTu4eckue. [IpunHmmn aeict-
BUs ocHOBaH Ha d(dekre Canbska, oTKpeITOM B 1913 1. TeopeTnuecku oH 0OBICHSIETCS C TIOMO-
IIbIO CIIEIUATBHONW TEOPUU OTHOCHUTEIHHOCTH, OTMHCHIBAIONIEH TBUKCHHE, 3aKOHBI MEXaHUKH U
IIPOCTPAHCTBEHHO-BPEMEHHBIE OTHOIICHUS MIPH MPOU3BOJBHBIX CKOPOCTSIX JABH)KEHUS, MEHBILINUX

146



CKOPOCTHM CBETa B BaKyyMme, B TOM 4YHcJe ONM3KHUX K CKOpOocTH cBeTa. CorimacHo 3TOH Teopuw,
CKOPOCTh CBETa MOCTOSIHHA B JII00ON MHEpIUaNbHON cucteMe oTcuéra. B To BpeMs Kak B He-
MHEPLHAIBLHOW CUCTEME OHa MOXeT oTiindarbes. IIpu mockuike jTyda cBeTa B HallpaBJIEHUHU Bpa-
HieHust Tpudopa U MPOTHB HANIPABIICHUS BpAIllCHHs pa3HUIA BO BPEMEHH MPHUX0/a Jiydel (ompe-
nensieMasi ”HTepepoMeTpOM) TO3BOJISIET HAWTH PAa3HUILy ONTHUYECKUX IyTEH Jydel B MHEPIIH-
aJIbHON cucTeMe OTCu€Ta U, CIeNOBaTeNbHO, BEJIMYUHY YIJIOBOTO MOBOPOTA MpUOOpa 3a BpeMs
npoxoxacHus jyda [3]. Benumunna s dekra mpsMo mporopiroHaibHa YIJIOBOM CKOPOCTH Bpa-
nieHust tHTepdepoMeTpa U IUIOIIA/Id, OXBATHIBAEMOU MyTEM pacipOCTpaHEHUS! CBETOBBIX BOJIH B
uaTepdepomerpe:

TZI€ ¢ — Pa3HOCTb BPEMEH MPUXO0Ja JIydeH, BBIITYIIEHHBIX B PAa3HBIX HANPABICHUIX, S — IUIO-
1ab KOHTypa, {2 — yrioBas CKOpOCTb BpalleHUs TMpocKkomna. Tak Kak BeluunHa Af O4EHb Malla,
TO €€ MPSAMOE U3MEPEHHE C MOMOLIbIO TACCUBHBIX HHTEPPEPOMETPOB BO3ZMOXKHO TOJIBKO B BOJIO-
KOHHO-ONTHYECKUX THUpPOCKomax ¢ JUIMHHOM BosiokHa 500—-1000 M. Bo BpamaroniemMcst KoJbLEBOM
UHTEpPEPOMETPE J1a3epHOI0 TMPOCKONA MOXKHO HM3MEPUTh (Pa30BbI CABUI BCTPEUHBIX BOJIH,
PaBHBII:

8rsn
Agp = ; .

Le

roe A — JUIMHA BOJIHBL.

Puc. 2. Cxema na3zepHOTo THPOCKOIIA

Cy1iecTByIOT TUPOCKOIIBI, TJI€ OCHOBHOM YaCThIO SBJISIETCS OBICTPO BpAIAIOIIANUCS POTOD,
KOTOPBI UMEET HECKOJIBKO CTeneHel cBo0o bl [ MpOCKOMBI, Y KOTOPHIX LIEHTP MacC COBMAAAET C
neHTpom mnoaseca O, HA3BIBAIOTCS ACTATHUYECKUMU, B IPOTUBHOM CITy4ae — CTATUYECKUMH THPO-
ckonamu. [l oOecrieueHus: BpalieHusi pOTopa TUPOCKOTNA C BHICOKOW CKOPOCTHIO MPUMEHSIFOTCS
crienMagbHble THPOMOTOPHI [1]. 1 yripaBieHus THPOCKOTIOM M CHSITHSI C HETO MH(OPMAIUHU 1C-
MOJIB3YIOTCA JATYMKU yIJia U JATYMKA MOMEHTA. [ MpOCKOIBI UCTIOIb3YIOTCS B BUJI€ KOMIIOHEH-
TOB KaK B CUCTEMax HaBUTAIMH (aBHArOPU30HT, TMPOKOMIIAC), TaK U B CHCTEMaxX OPHUEHTAlUU U
cTabunu3anuu KOCMHYECKHX amnmapartoB. [Ipu MCHONb30BaHUM B THPOBEPTUKAIH IMOKA3aHUS TH-
pOCKoIa JOJIKHBI KOPPEKTUPOBATHCS MAsTHUKOM, TaK KaK M3-32 CyTOYHOTO BpAIIECHUS 36MJIM U
yXoJa TUPOCKONa, MPOUCXOIUT OTKIIOHEHHE OT UCTUHOM BepTukanu. Kpome Toro, B MexaHuue-
CKHX THPOCKOMAaX MOXET MCIOJIb30BAaThCA CMEIICHHE €0 LIEHTPa Macc, KOTOPOE SKBUBAJIEHTHO
HEIMOCPEICTBEHHOMY BO3/IEUCTBUIO MAasATHUKA HA TUPOCKOI [4].

Bonpioe npuMeHeHne HaXOASIT TUPOCKOMUYECKUE TIPUOOPHI ISl aBTOMATUYECKOTO YIIpaB-
JIeHUs ABM)KEHHEM CaMOJIETOB M Kopabmieil. J{ns momnepkaHusi 3aJaHHOTO Kypca Kopalmis ciy-
KUT «aBTOPYJIEBOK», a CaMOJIeTa — «aBTONMMJIOT». B mpubope «aBTOPYJIEBOI» MPUMEHEH CBO-
OOJHBIA THPOCKOI C OOJBIIUM COOCTBEHHBIM MOMEHTOM HMITYJbCa M MajoW CHJION TpeHHUsS B
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MecTax KapAaHoBa mojBeca. HampaBieHue ABWKEHHS KOpaOJisi 3aJaeTcsl HAlpaBICHHEM OCH
cBOOOHOTO rupockona. IIpu mo0bIX OTKIIOHEHUSX KOpaliist OT Kypca 0Ch THPOCKOIA COXPAHSAET
CBOE IPEKHEE MPOCTPAHCTBEHHOE HAIIpaBJICHHUE, a KapJaHOB IOABEC [MOBOPAYMBAECTCS OTHOCH-
TeJNbHO Kopiyca kopaOis. IIoBopoT pambl kapjaHoBa IoJBeca OTCIECKUBACTCA NMPHU MOMOIIU
CHEIMAJIbHBIX YCTPOMCTB, KOTOPHIE BBIIAIOT KOMaH Ibl aBTOMaTaM Ha [TOBOPOT pyJi U BO3Bpallle-
HUe Kopallid Ha 3aJjaHHbIN Kypc [4].

«ABTONWIOT» CHA0KEH JBYMs T'MpPOCKONaMHU. Y OJHOTO M3 HUX OChb PACIONararoT BEpTHU-
KaJbHO, M B TAKOM I10JIO)KEHUH PAaCKPy4YHMBaIOT TMPOCKOI. BepTukanbHO pacnoioxkeHHas oCh TU-
pOcCKoIa 337aeT TOPU3OHTAIbHYIO IUIOCKOCTh. OCh BTOPOrO TMpOCKOIIA paclojiaratoT TOpU30H-
TaJbHO, OPUEHTUPYS €€ BIOJb OCU CaMOJIETa. DTOT TMPOCKOI MOCTOSHHO «3HAET» KypC caMoJie-
ta. O0a THPOCKOMA JAf0T COOTBETCTBYIOIIME KOMAHIIbI MEXaHW3MaM YIIPABIICHUS, MOIICPKH-
BAIOIIMM IIOJIET camoJieTa IO 3aJaHHOMY Kypcy. B HacTosiiee Bpemst aBTonujioramMu oOopy-
JIOBaHbl BCE COBPEMEHHBIE CaMOJIETHI, NPEAHA3HAUYEHHbIE JJIS JUIMTEIbHBIX NOJETOB. I'upockon
CJIy>KUT Ba)KHOM COCTaBHON YaCThIO B CUCTEMAax YIPaBJICHHUS KOCMMUYECKUX anmnaparos [3].

I'mpockomnbl NpUMEHSIOT Takke B cucTeMax HaBuranuuu. VHepuuanbHas HaBUTalus OTHO-
CUTCA K TaKOMY cHOCOOY OIpe/ieIeHUs] MECTOIOJIOKEHHS B IPOCTPAHCTBE, IIPU KOTOPOM HE HC-
MOJIb3YIOTCS JIAHHbIE KAKUX-TM00 BHEIIHUX UCTOYHUKOB. Bce UyBCTBUTENbHBIE 3JIEMEHTHI HAaX0-
JSITCSL HEMOCPEACTBEHHO Ha OOpTY TPAaHCHOPTHOIO cpelcTBa. MHepiuanbHble U3MEPUTEIH JIH-
HENHBIX YCKOPEHUH — aKCeJIepOMETpbl — YCTAaHOBJIEHBI HA TaK Ha3bIBA€MOIN IMPOCTaOUIU3UPO-
BaHHOH IuiaTdopme. OTa 1iardopma, HCIOIB3Ysl CBOWCTBA TMPOCKONA, 00ECHEYUBAET CTPOIO
TOPU30HTAJILHOE MOJIOXKEHHUE OCEH UyBCTBUTEILHOCTH aKCceIepoOMeTpoB. Mi3MepeHHbIE yCKOpEHUS
JIBaXX/bl MHTETPUPYIOTCS, U TAKUM 00pa3oM BblIaeTcs MHGOpMAIMs O MPUPALIEHUH MECTOIOJIO-
JKEHUS TOJBIKHOTO 00bekTa. OO0beAMHEHHBIE OOIIeH 3amauell onmpenesieHus KOOpAUHAT TOJ-
BIKHOTO OOBEKTa THMPOCKOIBI U aKCEeIepOMETphl 00pa3ylOT HMHEPLUAIbHYK HABUIAlIMOHHYIO
cucremy [2]. [lTomumo 3To# 3agauu, miaTGopma nmocrapisier HHHOPMAIHIO 00 YTIIIOBOH OpUEHTa-
UM 00BEKTa: yIrilax KpeHa, TaHra)ka U PbICKaHMs, O CKOPOCTH oObeKkTa. ['Mpockon yarie Bcero
NPUMEHSETCS KaK UyBCTBUTEIBHBIN JIEMEHT YKa3bIBAIOIIUX TMPOCKOIMMYECKUX MPUOOPOB M KaK
JIaTYUK yTJa IOBOPOTA UM YIVIOBOM CKOPOCTH JUIsl YCTPOMCTB aBTOMATHYECKOI0 yrpasieHus. B
HEKOTOPBIX CIydasiX, HaIpUMep B TMPOCTAOMIN3ATOPAX, TUPOCKOIBI UCIOIB3YIOTCA KaK TeHepa-
TOpPBl MOMEHTA CWJIbI WJIM SHEPIUU. ' MpOCKOMbI MOTYT OBITh KaK YKa3bIBaKOIIMMHU IPUOOpaMH,
TaK ¥ JaTYUKaMH aBTONMWIOTA. be3 rMpOoCKONOB HEBO3MOKHO aBTOMAaTHUECKOE YIIPABIEHUE TOP-
nesnamu. CaMoJIeThl U BEPTOJIETHI 000PYyLyOTCSI THPOCKONMUYECKMMH MPUOOpaMH, KOTOPBIE TAIOT
HA/ICKHYI0 HHPOPMALIMIO ISl CUCTEM CTAOMIM3allMK U HaBUTALIMU.

CHHCOK HCII0JIb30BAHHOM JIMTEPATYPbI
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nocobue / B.H. bopozaun. M., 1990. 480 c.

2. Mepkypsbes, 1.B. Jlunamyka MUKpOMEXaHUYECKOTO U BOJHOBOT'O TBEPAOTEIBHOIO TUpPO-
ckoroB / .B. Mepkypnes, B.B. Ilonankos. M.: ®DUZMATIIUT, 2009. 228 c.

3. 'mpockonmyeckue cuctemsl / mox pea. J.C. Ilensnopa. M.: Beicm. mik., 1986-1988. 564 c.

4. TlaBnoBckuii, M.A. Teopust rupockoroB: yueOHuK 1iist By30B / M. A. TlaBnoBckuii. Kues,
1986. 78 c.

A.S. Kovtun
Dalrybvtuz, Vladivostok, Russia

THE GYROSCOPE AND ITS APPLICATION IN ENGINEERING
Considered some gyroscopes, as well as their use in. engineering.
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V]IK 535.8

K.1. Mapoukuna
Hayunsriit pyxoBogutens — JI.B. Kydepenko, ToKTop TexH. HayK, podeccop
®I'BOY BO «laneps10BTY3», Bnagusoctok, Poccus

OIITUYECKHUE METO/Ibl HEPA3PYIIAIOIIEI'O KOHTPOJIA

Paccmompenvr onmuueckue memoowvr nepazpyuiaroweco KoHmpons. Ilpueedéunvt npumepul ucnons3o-
BAHUS ONMUYECKUX MEMOO0E HEPA3PYUAaIoe20 KOHMPOJA 8 PA3IULHbIX 00IACMAX NPOU3EOOCHS.

Onrtuueckne MeToabl Hepaspymatomero koHTpoias (MHK) peructpupyroT u aHaiusupyoT
napaMmeTphl, IPUCYIINe B3aUMOACHCTBYIONIEMY ¢ OOBEKTOM ONTHYECKOMY H3ITy4YEHHIO. DTH Me-
TOJIbI JIAIOT BO3MOKHOCTh OOHApYKHMBATh IyCTOTHI, OPBI, PACCIOCHUs, TPEIIUHBI, HHOPOTHBIE
BKJIIOUEHUS, TEOMETPUYECKHE OTKJIOHEHUS U BHYTPEHHHUE HAIPSHKEHUS B 00beKTax KOHTpos [1].

Hapy>kHblif ONTUYECKHI KOHTPOJIb MPUMEHSIOT Uil 0OHApyKeHUs Ae()EeKTOB MPaKTUUYECKU
u3 moboro MarepuanoB. BHyTpeHHHe ne()EKThI ¢ MOMOIIBIO ATOTO METOIa MOKHO OOHAPYKHUTh
TOJIBKO B IIPO3payHbIX MaTepuanax. Takke MPOU3BOAUTCS KOHTPOJIb AMAMETPOB M TOJIIHMHBI C
MOMOIIIBIO ONITHYECKOTO crocoba, Gazupytomierocs Ha siBjaeHun audpakauu. [IlepoxoBaTtocts u
c(EpUYHOCTD BBISBIISIIOT METO/IbI, OCHOBAaHHbIEC HA SIBJICHUU UHTEP(EPECHIIUH.

[IpeumymectBa ontuyecknx MHK B ux mpocToTe, MpUMEHEHHH HECJIOKHOTO 000pyI0Ba-
HUSI 1 OTHOCUTEIBHO HEOOJBIIONW TPYIOEMKOCTH, IIO3TOMY OHH HAILJIM NPUMEHEHUE Ha pasiny-
HBIX CTAUSAX U3TOTOBJICHUS JETAICH 1 2JIEMEHTOB KOHCTPYKITUH [2].

Onrtuyeckue mpuOOpsl 00JIaAI0T HEBBICOKOW UYBCTBUTEIBHOCTHIO U JOCTOBEPHOCTHIO, TO-
3TOMY HCIIONB3YIOTCS TOJIBKO JJISI ONPEAEIICHHS] TOCTATOYHO KPYIIHBIX TPEIIUH, KOPPO3UOHHBIX U
HPO3UOHHBIX MOBPEXKACHUH, OTKPHITHIX PAKOBHH, 3a00MH. OHU MPUMEHSIOTCS TakXke JUis oOHa-
PYKCHHSI TeUCH, 3arps3HEHUH, HATMYUS TIOCTOPOHHUX MPEIMETOB U T.1. [3].

B crpourensctBe MHK uncnonp3yrorcs npu n3MepeHun pa3iMyHbIX CTPOUTENBHBIX 3JIEMEH-
TOB, CTPOUTEIBHBIX KOHCTPYKLIHUW 3JaHUM M COOPYKEHUN HA OTAEJBHBIX 3TAllaX BBIIOJHEHUS U
nocye Bcex paboT, KOHTpoJie 000py0BaHMs, IPUCTIOCOOIECHUI 1 OCHACTKH JJISi U3TOTOBJICHUS U
MOHTaXKa JIEMEHTOB, Pa30MBOYHBIX CETEH M MX JIEMEHTOB [4].

Hepaspymaronui KOHTPOJIb UCIOJIb3YETCs IPH BBIIIOJIHEHUY JTUHENHBIX U3MEPEHUH, Ieojie-
3UYECKOM KOHTPOJIE KaueCTBa BBIMOJIHEHUS CTPOUTEIbHO-MOHTAXHBIX PadOT, IpU ONpeesieHuI
IPOYHOCTU OETOHA METOJOM YJApHOTO MMITYJIbCa WJIM METOJOM OTphIBA CO CKaJbIBAHHUEM HIIU
CKaJbIBaHHEM pedpa, Mpu ONpeesIeHUH 3alUTHOIO ¢JI0s O€TOHA, MPU TETJIOBU3MOHHOM KOHTPO-
Jie KaueCcTBa yCTPOMCTBA OTPaKAAIONIMX KOHCTPYKLUH U B APYTUX ciydasx (puc. 1-5).
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g 6 Puc. 3. Cxema ontuyeckoro komnaparopa
C «OLBEYMBAHUEM)» KQXKIOTO

1
ILJ 2 — 00BEKTHUB; 3 — CBETOACIIUTEND;

- / I l"l/ U3 ONTHYECKUX KAHAIIOB:
_-_ﬁ_ - 1 — GOTONPHUEMHNK HITH IKPaH;

4 — 3epkaino; 5 — 1eeKTOCKONUPYEMBbIH
_; 00BEKT; 6 — 00pa3LOBLIA 0OBEKT;
7 — GJI0K OCBEIIEHHUS;
4 8 — onTHuYecKHe UBETHBIEC (GUIBTPHI
5 %
1 2
4 az
EEE==". Puc. 4. Ontnueckuii koMmaparop
! C MOJYJISIIUEH CBETOBOTO IMTOTOKA
- B OJTHOM W3 KaHAJIOB:
' 3 i 1 — poTonpuUEMHUK MK SKPaH;
' g 2 — 00BEKTHUB; 3 — CBETOCINTEIb;
4 — nBUTaTENh C OOTIOPATOPOM;
. :3// \\E 1 - 5-— z[eq)eKTocxoanyeMIE)Iﬁ Og’beIzT;
| — 1 6 — 3TaOHHBII 00BEKT;
¢ 5 6 / 4 7 — GIIOK OCBEICHHUS;
! ' 8 — onrtueckuit GuIIBTp
O (7 S ES
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Puc.5. TeneBU3HMOHHBIM KoMIapaTop: 1 — KOHTPOJIUPYEMBIi 00BEKT; 2, 4 — CBETOICIUTENH;
3 — UCTOYHUK OCBEIICHUS; 5 — dTAIOHHBIA 00BeKT; 6 — TB-kamepsr;
7 — 010K cpaBHEHUS (BBIYUTAHUS BuAeocurHana); 8 — BKY

MeTton ocHOBaH Ha (PUKCUPOBAHUU M aHAJTIN3E TIOKa3aTesiel ONTUYECKOTo U3IIy4eHus [S].

[TepBuunbie WHPOpPMATUBHBIE MapaMETPhl aNMapaTypbl: YaCTOTHBIN, MOJISIPU3ALMOHHBIN,
aAMIUTUTYTHBIN, CTICKTPAJIbHBIN, ()a30BBIi, TECOMETPUUECKHI, BPEMEHHOM.

B anmapartax ¢ukcupyercsi B3aUMOJEHCTBUE C KOHTPOJIHPYEMbIM OOBEKTOM (PU3MUECKHX
MOJIeH: MHAYLUHUPOBAHHOTO, PACCESIHHOTO, MPOIIEIIEr0, OTPAXKEHHOTO U3ITyYESHHI.

Knaccudukanus ontuaeckux MHK o criocoby nosydenus nepBoHavaIbHOW WH(POPMAIIHH:
BH3yaJIbHO-ONITHYECKUH, royiorpaduueckuii, UHTepHEPEHITMOHHBIN, PePICKCOMETPHICCKUN, He-
benomerpuueckuid, peppakToMeTPUIECKUH.

B 3aBucumocTy oT 1eneil u 3ajay MCHOJb3YeTCS TOT WM MHOW METOJ Hepa3pylIaroliero
KOHTpOJIs. B HEKOTOpBIX ciyyasx Ijs MmojiydeHus Ooliee MoJIHOM U MH(GOPMATUBHON KapTHHBI,
ucnosnb3yercs Heckoiabko MHK.

Cnmcox uCnoIb30BaHHOM JIUTEPATYPHI
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3. EpmouioB U.H., Ocranun 10.51. MeTtonsl u cpeacTsa Hepa3pylIarOUIEro KOHTPOJI KadyecT-
Ba: yueO0. mocobue /i MHKEHePHO-TEXHUYECKUX criell. By30B. M.: Beicur. mik., 2002. 368 c.
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K.I. Marochkina
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OPTICAL METHODS OF NONDESTRUCTIVE TESTING

Optical methods of nondestructive testing were considered. Let’s give examples of the use of optical
of nondestructive testing in various areas of production.
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N.C. Pemenok
Hayunsrit pykoBogutens — JI.M. SIkoBeHko, kauj. gpus.-Mat. HayK, JOLEHT
OI'bOY BO «/lansprioBTY3», BiaguBocTok, Poccust

I'PABUTAIIMOHHBIE BOJIHBI 1 HOBEJIEBCKHUE JIAYPEATDBI

Hobenesckas npemus no ¢usuxe 2017 e. cmana camou npedckazyemou u3z nsamu HOMUHAHMOE dMO20
2o0a. Touno max oce, xax 6 2013 e. 6ce snanu, umo npemuio oadym Ilumepy Xueecy «u komy-mo ewye»
nocie omkpwvimus 603ona Xueeca, obnapyoicennozo 6 2011 2. (a nobenedckuil yuka modcem 3aHamMs 00
NOYMOpa 1em om Hazpaicoenuss 00 Homunayuu). B amom 200y ece 00HO3HAUHO JHCOANU BPYHEHUS. NPeMUU
«Kuny Topry u xomy-mo ewe» 3a 0OHaApydICeHUue epasumayuoHHbix 6onH. Hobenesckuil komumem onpas-
0an oxcudanus: npemusi no usuKe epyueHa «3a pewaruull 6xkuad é cozoanue demexmopa LIGO u na-
bnro0eHue 2pagumayuOHHbIX GOIHY.

Beenenue

I'paBUTaLIMOHHBIE BOJHBI — U3MEHEHHS TPaBUTALIMOHHOTO I10JIsI, PaCpOCTPaHSIOLINECS T10-
J00HO BosiHaM. M3i1ydaroTcst ABMXKYIMMUCS MAacCaMM, HO ITOCJIE U3JIy4YEHUs] OTPBIBAIOTCS OT HUX
U CYIIECTBYIOT HE3aBUCUMO OT 3THX Macc.

OnHako Teopusi OTHOCUTEIBHOCTU J100aBIseT OONbLICH HArIsIHOCTH BOJHOBOW MIPUPOJE.
Wtak, MBI yK€ 3HaeM, YTO JIBUrasich U BpalllasiCh, MACCUBHOE TEJIO CO3/1A€T UCKAKEHUE BPEMEHU
U MIPOCTPAHCTBA — M Ye€M OBICTpEE TEJIO JBMXKETCS W/WIIM BPAIIAETCs, TEM CHIIbHEE UTOTOBOE HC-
KakeHue. TyT IEeHCTBYET 3aKOH, XapaKTEPHbIN TaKKe I SJIEKTPUYECKUX U MATHUTHBIX ITOJIEH:
€CIIM CKOPOCTb JBMXKEHUS OyJIeT HEMOCTOSIHHOM, OyIyT co3aBaTbesi BOJIHBL. TOJIBKO IpaBUTALIU-
OHHO€ BOJIHBI — 3TO HE MPOCTO KOJEOAaHUs SHEPIHH, HO U KOJeOaHUsI BpEMEHH U IIPOCTPAHCTBA.
O06pa3Ho roBopsi, Ha TpeOHE BOJIHBI MIPEAMETHl U MUHYTHI C)KMMAIOTCSI, CTAHOBSITCS KOpOYe, a Ha
CKaTe — pa3ryIaXUBaIOTCs, IPUXOJAT B MOPSIIOK.

OTU NPOCTPAHCTBEHHO-BPEMEHHBIE BOJHBI U €CTh BBIXOJ TOM I'paBUTAIL[MOHHOM 3HEPIUH, O
KOTOPOI MBI YIOMHHAIU Bbille. OJJHAKO AJIS UX HOSBICHHUS OCTaeTCs OHO HEOOXOAMMOE YyCIo-
BUE — [IEPEMEHHAs, HEITOCTOSIHHASL CKOPOCTh JIEMEHTOB IPaBUTALIMOHHON CUCTEMBI, @ 3TO BCTpE-
yaercst AocTatouHo peako. Hanpumep, B CoslHeuHOM cucTemMe Bee MJIaHeThl 3aMeUIioTes B ade-
oM, camoil manpHei ot ConHIAa TOYKE OpOHUTHI, U YCKOPSIOTCS B mepurenuu. OIHAKO Macchl
IUTAHET IO cpaBHEHUIO ¢ Maccod COJIHLA CIMIIKOM Mallbl, a Iepenajgpl CKOPOCTH — HUYTOXKHBI,
II03TOMY B BHJIE IPaBUTALIMOHHBIX BOJH COJIHIIE HE TEPSIET Jake COTOM JI0JIM TOW PHEPIUM, KO-
TOPYIO BBICBOOOX/1a€T CBOMM U3IIyYEHHEM.

Wnoe neno nBOiiHBIE CUCTEMbl MAaCCUBHBIX OOBEKTOB BpPOJE 3BE3]l M YEPHBIX AbIp. byayun
OTHOCHUTEJIBHO OJIM3KO APYT OT JIpyra, OHU BpAIlalOTCS OJHOBPEMEHHO B JIBYX HAIpPaBJICHUAX —
BOKPYT OOIIEro IEHTPa TSHKECTU MEXTY HUMHU U BOKPYT cOOCTBEHHOM ocu. IlockonbKy ABOHHBIE
CHCTEMBbI UMEIOT TEHACHLUIO K CIIMSHUIO, OHU BPAILAIOTCS BCe OJIMXkKe IpyT K JpYyTy, & OTTOrO BCe
uHTeHcuBHee. Takoil TaHel TMraHTOB, IO MHEHHUIO CaMOro DUHILITENHHA, CO3/1a€T CUIIbHbIE TPaBU-
Tal[IOHHbIE BOJHBI. Takke HCTOUHMKOM KOJIEOAHUH MOT'YT CIIy’KUTh MOIIHBIE KaTaKJIU3MbI BPOJIe
BCIIBIILIEK CBEPXHOBBIX.

Oo0Hapy:keHHe TPABUTAIMOHHBIX BOJIH

BriepBble rpaBuTaliMOHHbIE BOJIHBI ObUM 0OHapykeHbl 14 centsiOps 2015 r. Ha ycTaHOBKaxX
LIGO — nazepHo-mHTEpPEpPOMETPUIESCKON T'PaBUTAIMOHHO-BOJIHOBOM oOcepBartopuu. CurHasn
UCXOAWII OT CIIMSIHUS IBYX YEPHBIX JbIp MaccamMu 36 U 29 COIHEUHBIX MacC HAa PacCTOSIHUU MpU-
MepHO 1,3 MiIp CBETOBBIX JIET OT 3eMJIM. 3a JI0JU CEKYHJbl IIPUMEPHO TPHU COJHEUHBIE MAacCChI
NPEeBPATUINCh B TPABUTAIIMOHHBIE BOJIHBI, MAKCUMaJIbHAsi MOLTHOCTbh M3Y4YEHUsI KOTOPBIX Oblia
npumepHo B 50 pa3 Gonblie, yeM OT Bcell BUauMoil BeeneHnHoii.

OO0 otkpbiTiH yueHble coobumu 11 despans 2016 r., oHO ObUIO CAETAaHO BO BpeMsl MHXKE-
HEPHOTO IMKJIa paboThl 000pyA0BaHMS (KaTUOPOBOYHBIX Pa00T). DTO 3HAYMT, UTO OOHAPYKEHUE
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IpPaBUTALMOHHBIX BOJIH MPOU30LUIO JO0 Hayaja HayyHoro 3amycka. A B utoHe 2016 r. craio
U3BECTHO U O BTOPOM CJIyyae perucTpaluy I'PaBUTALMOHHBIX BOJIH, OHU ObUTM OOHApY’KEHBI Cpa-
3y nByms getexkropamu LIGO 26 nexkabps 2015 r.

B ornuume or curHana, 3aperucTpUpOBaHHOIO MPH MEPBOM JETEKTUPOBAHMU I'PAaBUTAIIMOH-
HBIX BOJIH, KOTOPBIA ObUT SICHO BHJCH Ha ()OHE IIymMa, BTOPOW CHUTHAI OKazaycs ciabee U He Tpo-
cMmarpuBaics sBHO. [IpoaHanu3upoBaB XapakTep MesbYaiIInX KoyeOaHUi MPOOHBIX Macc JIETeK-
TOPOB, YUEHBIE C/ICJIAIN BBIBOJI, YTO OOHAPYKEHHBIC TPABUTAIIMOHHBIC BOJHBI OMSTH OBUIA IOPOXK-
JIEHBI JIBYMsI YepHBIMHM JbIpaMH, Ha 3TOT pa3 Oojiee jerkuMu — maccamu B 14 u 8 mace ComnHua.

Ecmu mepBoe oOHapy)keHHE TpaBUTAIIMOHHBIX BOJIH TOJATBEPAMIIO MpECKa3zaHHe oOmiei
TEOPUHM OTHOCUTENBHOCTH AnbOepra DWHIITEHHA, caenanHoe B 1915 r., To perucrpauus IByX
CUTHAJIOB B TEUCHHUE YETBIPEX MECAIIEB IMEPBOro NHUKIA HabmoaeHuit nerekropoB Advanced
LIGO no3BoauT npeckasbiBaTh, HACKOJIBKO YacTO OyyT 0OHapyKUBAaThCsI CUTHAJIBI IPAaBUTALIU-
OHHBIX BOJIH B OyIyIIIeM.

Ho0eneBckue naypeatbl (PUCYHOK)

Paiinep Baiicc poauiics B 1932 r. B bepnune. B 1962 r. on nonyuun crenenb Maccauycer-
CKOT'0 TEXHOJIOTUYECKOT0 UHCTUTYTA, TJI€ OH U PabOTaeT 10 CUX MOp.

Bbappu bapui poauics B amepukaHckom ropoge Omaxa B 1936 r. B 1962 r. on 3ammrun
muccepranuio B Kanudopuuiickom yHuBepcurere B bepknu, ceituac pabortaer B Kanudopumii-
ckoM TexHoornueckom nHcTutyTe (Kanrex). 81-netamii pusuk-naypear bappu bapumn poxumncs
B Omaxe, mtat Hebpacka. On sBisiercst npodeccopom ¢puzuku KanupopHUHCKOTo TEXHOIOIH-
YEeCKOro MHCTUTYTA.

Kun Topn poausnca B 1940 r. B amepukanckom ropoje Jloran. B 1965 r. nonyuun crenenn
PhD IlpuncTOHCKOTO YHUBEpCUTETA, ceifuac Takxke padortaer B Kanrexe. OnHako npemust Oyaer
paszJiesieHa He TOPOBHY: MOJIOBUHY ee (4,5 MUIIIMOHA MIBECKUX KpoH) nmonyuuT Paiinep Baiicc, a
OCTaBILYIOCS MOJIOBUHY pa3aensaT (1o 2,25 muH) bappu Bapuin u 3HaMeHUTBIN HE TOJIBKO Teope-
TUYECKUMHU paboTaMu, HO U CBOEH MOMYyJISIpU3aTOPCKON JeATeNbHOCThIO (punsm «MHTEpeTen-
nap») Kun TopH.

Cnesa Hanpaso: Paiinep Baiicc, bappu bapum n Kun Topr

Cnmcok ucnoIb30BaHHOM JIUTEPaTypPhI

1. http://spacegid.com/gravity-waves. html.
2. https://www.gazeta.ru/science/2017/10/03 a 10915453.
3. https://indicator.ru/article/2017/10/03/za-chto-dali-nobelevskuyu-premiyu-po-fizike-2017/.
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I.S. Reshenok
Dalrybvtyz, Vladivostok, Russia

GRAVITATIONAL WAVES AND NOBEL LAUREATES

The 2017 Nobel prize in physics was the most predictable of the five Nobel prizes this year. Just as
everyone knew in 2013 that the prize would be given to Peter Higgs «and someone elsey after the Higgs
boson discovered in 2011 was discovered (and the Nobel cycle can take up to one and a half years from
the award to the nomination). This year, everyone was definitely waiting for the award «Kip Thorne and
someone elsey for the detection of gravitational waves. The Nobel Committee did not disappoint: the
award for physics was awarded «for the decisive contribution to the creation of THE Ligo detector and
the observation of gravitational waves»y.

Caenenus 00 aBrope: Pemenox Mpuna Cepreesna, bT6-112; e-mail: r.irinal 999@mail.ru

VK 621.319.4+53

I'.I". CanipoHoB
Hayunslii pykoBonutens — .M. CnaGxeHHUKOBa, KaHA. (U3.-MaT. HAYK, JOLEHT
OI'BOY BO «Jlanspei0oBTY3», BraguBoctok, Poccus

COBPEMEHHAS CEITAPAIIMA TOIIVIMBA HA CYJAX

Paccmompen naubonee 3gpghexmueuviii cnocob ouucmxu maxicéno2o monauea Ha cyoue, NPou3eeoén
pasoop usuuecko2o ANeHUs azpecama, 08UNCEHUs HaACMUY U HCUOKOCHEN C HOMOWbIO MeOPemuyecKo2o
mMamepuana, noKa3aHo CpagHeHue noxazamenei dIQh@GexmugHocmu cenapamopa no CPAsHeHUIo ¢ Puibm-
pom. B oannot pabome paccmampusaemcs cenapamop gupmul Anegpa-Jlasare muna S.

Ha npoTspkeHnn nocineaHux AecATUIETUH YKOHOMUKA MOPCKHUX MEPEBO30K INPUBOAUT K HC-
II0JIb30BAHUIO BCe 0OJie AeLIeBbIX TOIUIMB. B Bompocax, CBA3aHHBIX CO CTAOMIIBHOCTBIO M MOHU-
TOPUHIOM JKCIUTyaTallMOHHBIX CBOMCTB CyJOBBIX TOIUIMB, HaMETWIAachb TEHACHLMS K pOCTY
YJIy4IIEHUs NIOKa3aTeNIed OYHUILIEHUS TOIIMBA OT IPUMECEH U3-32 DKOHOMUYECKHU BBIHYKACHHOTO
CHI)KEHHS KaueCTBEHHBIX IOKa3aTesiell TOIUIMBA W ero ynaemesineHud. Iloaroroska Tomnusa u
pereHepanys mMacjiaa B Cy/J0BBIX YCIOBHSAX UMeET O0iblIoe 3HaYeHHe AJs Oe3aBapuiHON U HKO-
HOMMYECKOH 3KCIUlyaTallMM CyJHA, U MO3TOMY IPOLECCY TOILIMBONOATOTOBKH M MAaCIOOYUCTKH
yAeISII0T ocoboe BHUMaHue. [Ipu paboTe Ha TSKEbIX cOpTax TOIIMBA CYJIOMEXaHMKH CTaJIKH-
BalOTCA C OYEHb HU3KUM €0 Ka4eCTBOM: OTJINYHME INIOTHOCTH TOIUIMBA OT NAaCIOPTHOM — HEOAHO-
3Ha4Has IUIOTHOCTh OYHKEpa MJIM MPEBBIIIEHUE IIJIOTHOCTH TOILIMBA 110 OTHOUIEHUIO K IIOTHO-
CTH BOJIbI, UTO CO3JIa€T JAAHHBIC TPYIHOCTH OUYUCTKH TOILIMBA. B CBsI3M ¢ 3TUM HeoOXoauMo 6o-
jee riry0oKoe U3yueHHe IpoLecCOB OUUCTKU TOILIMBA.

Ha cyane ucnonb3ytorcst Tpu crioco0a OYMCTKU TSHKEIOTrO TOILIMBA.

[TepBhIit ciocO0 — OTCTOM B OTCTOMHOM muUcTepHE B TedeHue 2022 4. 3a 3TO BpeMs TIKE-
JIbI€ YaCTHUIIBl U BOJIA OCEAIOT Ha JIHE OTCTOMHOM LUCTEPHBI C MOCIEAYIOINUM YJAJIEHUEM Yepe3
CITyCKHOM KpaH.

Bropoii cioco6 (nanbonee 3¢ heKTuBHBIN) — cenaprupoBaHUe TOIIMBA C TOMOIIBIO LIEHTPO-
Oe’KHOro cemaparopa, IJie IPOUCXOAUT OTJCIIEHUE MOCTOPOHHUX YAcCTHIl U BOJbI OT TOIUIMBA U
UX yAaJIeHUE 3a CUET Pa3HOCTU IUIOTHOCTEN KOMIIOHEHTOB, COAEpXKAILUXCS B TOIUIMBE, C IIOMO-
IO IEHTPOOEIKHBIX CHIL.

Tpetnii cnoco6 — ¢punprpanus. OTcenapupoBaHHOE TOIUIMBO U3 PACXOIHOW LIUCTEPHBI TOM-
JIMBOIIOIKAYMBAIOIIUM HacocoM 1o nasienuem (0,4—0,6) MIla mpomyckaeTcst 4epe3 TOIUTMBHBIN
¢GuIBTp M mocie Hero noJaéres K TOIUTMBHBIM HacocaM au3ens [1].
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B nacrosimeit pabore pazoOpan cambiii 3 heKTUBHBIN cr1oco0 GUIBTpaLuU, 2 UMEHHO LIEH-
TpobexHoe cenapupoBanue (puc. 1). Cenmapamust — mpolecc pasfeieHus IBYyX U Oosee cpel
(pa3neneHue OBYX KMIKOCTeM U TBEpAOTo ocanaka). CemapaTop COCTOUT M3 TEXHOJIOTHYECKOM
CEKLIMU U CEeKLNU IIPUBOJA C DJIEKTpoJBUTaTeNeM. Pama cemapaTopa COCTOMT U3 HUKHErO KOPITy-
ca u Konmnaka paMmbl. K paMme npukpernieH aekTpoaBuratesib. OnopHble MATKH paMbl TOTJIOMIAI0T
BuOpanuo. B HIkHEH yacTu cenaparopa HaXOAATCs IJIOCKONEpEMEHHas nepeaayda, HEeHTPOOeK-
Hast My Ta CUCIUICHHUS ¥ BEPTHKAIBbHBIN Baj. HKHMIA KOPITYC COCTOUT M3 MACIISTHOW BaHHBI JIJIS
CMa3KM IOJUIMITHUKOB Baja. B Konmake pambl HaXOJATCS TEXHOJIOITMUYECKUE JIETAJIA CENapaTopa;
BXOJHBIE YCTPOWCTBA, BBIXOAHBIE YCTPOWCTBA, BBIXOAHBIE YCTPOWCTBA U TpyOorpoBoa. TexHoo-
rHYecKas )KUIKOCTh ouMIlaeTcs B OapabaHne cemapartopa. bapaban kpenutcs Ha BEepXHEW 4acTu
BEPTUKAJIBHOI'O Bajla U BPAIIAETCS C BICOKOM CKOPOCTHIO BHYTPHU KOJMakKa pambl. B konmnake Ha-
XOJUTCS TAaK)KE Pasrpy304HbIE MEXaHW3M, KOTOPBIM OCYILECTBISETCS BBIBOJ OCalKka BO BpEMS
paboTel. J[aT4MK CKOPOCTH, AATYHK JricOanaHca U BBIKITIOUATENh OJIOKUPOBKHU SBIISIOTCS YacThIO
KOHTPOJIbHOTO 000pyAOBaHus cenaparopa [2].

QUMLLEHHOrO
/ Tonnwea

Hanpasnel-me noToKa

3arpasHeHHoro
Tonnwea

LenTpoGexHan cuna

Puc. 1. Ilpunimn neHTpoOexXHONH OYNCTKH TOILTUBA B CETIapaTope U cxema JIEHCTBUS CHI

Bbapaban cenaparopa NpuBOAUTCS BO BPALLIEHUE OT AJIEKTPOJBUraTelNIs ¢ MOMOLIBIO IPUBO/A,
BKJIIOYAOLIET0 (PPUKLMOHHYIO My(TYy U peMeHHYIo nepenady. bapaban cemaparopa kpenurcst Ha
BEPXHEM KOHILIE OCH, YCTAaHOBJICHHOM B MOJAIIMIIHUKAX M HOJJEPKUBAEMON CrEelMaIbHBIMU CO-
CTaBHBIMM IpykMHaMu. Pabota cenapaTopa mpoxoiut cienyromum obpazom. [Ipu 3akpbirom
OapabaHe HEOUHMIIEHHOE TOIUIMBO MOCTYyNaeT B 0apadaH MO LEHTPaJIbHOMY HENOJBUKHOMY IaT-
pyOKy H, MpOXOJs uepe3 KaHajbl HUXKHETO paclpeeiuTes, IOCTYNaeT B MaKkeT Tapesok Oapa-
0ana. OtaeneHue 3arps3HAOLMX IPUMECEH OCYILECTBISETCS B 3a30pax MEXIy Tapesikamu (JIuc-
kamu) [2]. Kaxnas gactuia, OTIMYArOMAsACs MO IUIOTHOCTU OT CEMapHUpyeMOro TOIUIMBA, MOJ-
Bepraercs aevicteuro AByx cwi C u D. IleaTpobexnas cwia C, 3aBUCsIas OT YaCTOTHI BPAICHUS
6apabaHa U Macchl YacTUIbI (€€ pa3Mepa U MJIOTHOCTH), CTPEMUTCSI OTOPOCUTh YacTUIY K MEpU-
bepun Gapabana. Eil mpensTcTBYyeT cmiia BA3KOrO TpeHHA D, cTpemsiasicst yBi€Yb YaCTHILY
BCJIEN 32 MOTOKOM ToIuMBa. Cuiia D 3aBUCUT OT CKOPOCTH JBMXKCHMSI TOIUIMBA U €0 BSI3KOCTH,
Ha KOTOpPbIE MOXXHO BO3/I€WCTBOBaTh, MEHSS IPOU3BOAUTEIBLHOCTh CEMapaTopa U TeMIEpaTypy
noznorpesa tormsa. Cocrasisitomas 3Toi cuiibl C NPUKUMAET YacTULy K JUCKY, & COCTaBIISIO-
mas F nepeMeniaer ee 1o moBepxHOCTH IUCKa K nepudepun, oTOpackiBas B IIAMOBYIO KaMepy
1, a 4uCTOE TOIUIMBO JABMKETCS K LIEHTpYy OapabaHa M OTKauMBAeTCs HEMOABMKHBIM pa3feliu-
TEIbHBIM JUCKOM 4 (Haca)KeH Ha LIEHTpaJIbHbIN MaTpyO0oK) B BBIX0AHOM nmaTpyOok. CkonuBLIasics
BOJIa U3 IIUIAMOBON KaMephl MTOCTYNAeT B BOAOOTBOAALIYIO KaMepy, OTKY/la C OMOILBIO BOAOOT-
JeNUTEeNFHON TPyOKH 3 OCTymaeT B BBIXOHON naTpyOok. [1omoOHBII mporiece MpoucXoanuT Ipu
YCIIOBHMH, 4TO LIeHTpoOexHas cuiia C OTHOCUTENBHO BelMKa B cpaBHEeHHM ¢ cwiioil D. Ecim ke
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cuwia C mana — Masbsl pa3Mepsl U INIOTHOCTh YaCTHIIbl UM HEAOCTATOYHA YacToTa BpallleHus 0a-
pabaHa cenaparopa, a cuiia D Benuka — 3HaUMTeNNbHbI BI3KOCTh TOIUIMBA UM CKOPOCThH €ro MOTO-
Ka (BeJIMKa MPOU3BOIUTEIBHOCTh CENapaTopa), TO YacTulia, HaxoAsach noa aeiicrsuem cuit C u D
Oyzner nBurathes 1o Tpaektopuu b. B conmpukocHOBeHME ¢ BEpXHUM JAMCKOM OHA HE MPHUAET U
IOKUHET CEernapaTop BMECTE C OUMIAEMBIM TOIUIMBOM. M3 3TOro MOKHO 3aKJIIOUUTh, YTO KauyecT-
BO OYMCTKHU TOIUIMBA B OOJIBILION CTENEHU 3aBUCUT OT BeJIMUMHBI criibl D. UeM MeHblIle 3Ta cuia,
TEM ToJIHee OyJIeT MPOUCXOANUTh OYHCTKA TOIUIMBA, TEM MEHBIINE MO0 CBOMM pa3MepaM U IUIOT-
HOCTH YacCTHILIbI 3arps3HAIOIIMX NMpUMecel OyAyT OTAEIATbCA OT TOIUIMBA M YAAIATHCA B LIUIAM
[3]. TToaToMy HEOOXOIMMO TOIEPKUBATH TOCTATOYHO BBICOKYIO TEMIIEpATypy IMOAOTPEBa TOTII-
JMBa U OCYLIECTBIATH CeNapalyio Mpu Majoil MPOU3BOAUTEIILHOCTH, [0 BO3MOYKHOCTH, HE Ipe-
BhImatoneit 50 % ee macnopTHOro 3HaueHUsl. BepXHUM JOMyCTUMBIM MIPEAEIOM MOJ0rpeBa TOI-
JMBa SBJSIETCS TeMIlepaTypa KueHust Bojibl. OObIUHO HE PEeKOMEHAYeTCs MOAO0rpeBaTh TOIUIMBO
BbIe 95 °C (111 MaJIOBA3KOr0 AUCTUIUIATHOTO TOIJIMBA 3aMEIJIEHHOI'O KOKCOBAaHUS UM TEPMO-
KOHTaKTHOI'O KPEKMHIa TEMIIEPATypa MOAOrpeBa He NobKHA npesplaTth 3540 °C, B IpOTUBHOM
Cllydae W3 TOIUIMBA B MPOIIECCE €ro Cermapanuyd MOTYT BBLACTHUTHCS ac(haabTOCMOIHMCTBIE COSIH-
HeHus) [2].

[Ipu ycranoBHBIIEMCSI Tpollecce cenapupoBaHus B OapabaHe cO3Ma€TCsl TaK Ha3bIBAEMBbIi
«HEUTpabHBIN CIOW» — yCIOBHAs LIMJIMHAPUUYECKasi IOBEPXHOCTh pa3zena a3 TOMIMBa U BOJBI.
OOBIYHO TUAMETP TOW MOBEPXHOCTU COOTBETCTBYET MOJIOKEHUIO BOJOOTACITUTEIHHON TPYOKH,
T.€. KHEHUTPAJbHBIN CII0I» MOXKET CMEIAThCsl WM K LeHTpY OapabaHa UM K ero nepudepuu.

[TonoxeHne «HEUTPAIBLHOTO CIIOS» 3aBUCUT OT TMIAPOJMHAMHAYECKOrO PAaBHOBECHS TPEX I10-
TOKOB, IIOCTYTAOLIETO TOIJIMBA U BBIXOAALIMX IOTOKOB YMCTOrO TOIJIMBA U BOAbL. ['panuna torm-
JIMBa U BOJABI TaKXKE HAIPSIMYIO 3aBUCUT OT Pa3HULIbI IFIOTHOCTEW BOJBI U TOIUIMBA, TEMIIEpPATY-
PBl, BA3KOCTH, pacxo/ia M JJaBJI€HUI BOJIbl U OUMILIEHHOI'O TOIIJIMBA Ha BbIXOJe U3 OapabaHa cena-
patopa. B kauecTBe miuTOCTpalMii K CKa3aHHOMY Ha pUC. 2 MOKa3aHbl CXEMbI PACIOJIOKEHUS
CHEUTPATBHOTO CJI0S» MPH PA3IMYHbIX OJO0KEHUAX BOAOOTAEIUTENbHON TpyOKH [4].

Puc. 2. TlonoxxeHue HEUTPATBHOTO CIOS: & — HEUTPAIbHBIN CIONH CMECTUIICS K LIEHTPY;
0 — HEHTPATBHBIN CIION CMECTHIICS K ITepuGepHH

d*(p, - 2(p -
)y A empo)
187 187
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rae V. — I'paBuTaliMOHHas CKOpOCTh OcCaskjeHus, M/c; d’— pasmep Kamid, MM @; p,— IUIOT-
. 3 . 3
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peHue, M/c”, 7] — BA3KOCTh HETIPEPHIBHOM (pa3bl, KI/McC.
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Ha puc. 3 n300paxeHO OTHOIIICHHWE M3MEHEHUS IUIOTHOCTH TOoIumBa Ha 15 °C u cMmemeHue
uHTepdeiica Ha Muumerp/rpanyc °C (HeHTpabHOTO CI1051).
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Puc. 3. UyBcTBUTENBHOCTD IPaHUIIBI pa3/iena K N3MEHEHHUIO TeMIepaTypsl Toruea Ha 1 °C

OurcTKa TOIUIMBA B CEMapaToOpe OCHOBAaHA HA PA3HOCTHU CO3/1aBAEMBIX B HEM IIEHTPOOESIKHBIX
CHJI, B CBOIO OUY€pe/lb ONPEACIIEMON pa3IMurueM B IJIOTHOCTSX OYMIIAEMOT0 HE(PTENPOIYKTa U
HaxoJAIIINXCs1 B HEM HpHMeCCﬁ. KauecTBO OYHMCTKH 3aBUCHUT TaKXKE OT NpoaOJKUTCIILHOCTHU Ha-
XOXKJIEHUs TOIUTMBa B OapabaHe cerapaTopa: 4eM OHa OOJIbIle, TEM JIy4Ille W TMOJIHEe OYMCTKA.
[TpoaomKUTENLHOCTh MPEOBIBAHUS TOIUIMBA B CENApATOPE 3aBUCUT OT CKOPOCTH €TI0 MPOJIBUKE-
HUSI MEX]Ty TapeJIKaMH, a TOCIEAHSS ONPEEeNIeTCs 3aJaBaeMOi CKOPOCTBIO €0 MOCTYIIICHHUS B
cernaparop U BSI3KOCThIO, B CBOKO OUEPE/Ib 3aBUCSILECH OT TeMIepaTypbl Toruusa [3].

Jliist BBIOOpa ONTUMAIIBHOTO PeXMMa pabOThI cernaparopa cienyeT pyKOBOACTBOBAThCS I'pa-
¢dukamu (puc. 4, a, 6), ¢ IOMOIIBIO KOTOPBIX CKOPOCTb IMOJa4YM M TeMIIEpaTypa Mo I0rpeBa omnpe-
JCIIAAOTCSA B 3aBUCUMOCTH OT BA3KOCTH: OoJIbIIasg BA3KOCTH TOILUINBA Tpe6yeT YBCIIUYCHUA TCMIIC-
paTyphl U CHIDKCHHSI CKOPOCTH TIOauu.
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Puc. 4. 3aBucuMocTr CKOPOCTH NOJAYM cenaparopa (a) U TeMiepaTypbl mogorpesa Tormiusa (0)
OT BSI3KOCTU

Ilon cenapallMOHHON XapaKTEPUCTUKONW MOHUMAIOT 3aBUCUMOCTh BEPOSITHOCTU H3JICUEHHUS
YaCTHIl B KaKOW JINOO MPOAYKT Cemapanuy OT pa3aenuTenbHoro npusHaka. CemapanuoHHas xa-
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PaAKTEpUCTHKA MOKA3bIBAET Pa3ICIUTEIbHYIO CIIOCOOHOCTh cemapaluoHHoro amnmapara. OmHum
U3 €€ OCHOBHBIX CBOMCTB SIBJISI€TCS IIOCTOSHCTBO MPH U3MEHEHUU B HEKOTOPBIX IpefiesiaX cocTa-
Ba cenapupyemoro Marepuana [4]. Ha puc. 5 uso0pakeHo, 4TO yBeIMUEHHBIM IOTOK Hacoca He-
raTUBHOO CKa3bIBaeTCs Ha 3(PPEKTUBHOCTD CeMapalyy.

B tabmuie ykazana cpaBHUTENbHAs 3(()EKTHBHOCTH CemapaTopa Mo OTHOIICHUIO K (PHIIbT-
pam, BbIpakeHHasl B IpOLeHTax. /laHHbIe 3HaUeHUs MTOJYyUYEeHbI 110 pe3yJIbTaTaM UCCIIE0OBaHUI Ha
44 cynax npu HOPMAJIBHOM PEXUME IKCILTyaTallUu.

OuuncTka Tonnmea
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Puc. 5. Xapakrepucrtuka cenapanuu

BemectBo Cenaparop DuIBTp
YacTuipl <4 MKM 65-85 5-10
Karanurnyeckue dpakiuu 60-90 ~5
Kenezo 40-60 ~5
Hatpuii 40-50 <5

KommnonenTsl, koTopbie 3((PEKTUBHO YIAISIIOTCA Cemapalueil: Boaa, HaTpUid, allOMUHUMH,
KpEMHUM, JKeIe30, MarHuid, ca)ka/3071a, KaJIbIIUH.

KauecTBo cenapaunu

OnTumalnbHOE MOJI0XKEHUE TPAHUIIBI pasena (a3 odecneunBaeTcs:

* MPaBWJIBHBIM Pa3MEpPOM IPABUTALMOHHOTO JAHCKA;

* POJOJKUTEIHLHOCTHIO MPEObIBaHUS TOILIMBA B CEMapaTope;

* YHUCTBHIM MAKETOM TapeJioK;

* MOJJICPKAHUEM CIEAYIOIIMNX BEITUYUH 0/IaBa€MOT0 TOILIIMBA:

— IOCTOSIHHBIE CBOMCTBA TOILJIMBA = BSI3KOCTh U INIOTHOCTb;

— MOCTOSIHHBIC 10J1a4a TOTUJINBA;

— MOCTOSIHHAsI TEMIIepaTypa.

3akiiloueHue

B xone nzyuenus 3ppeKTHBHOTO crtoco0a OTYMCTKH TSDKEIOT0 TOIUIMBA HA CyJIHE, @ HMCHHO
cenaparopa ObLT MPOU3BEAEH aHaIn3 (PU3MUECKOro SIBICHUS arperaTa, IBM)KEHUSI YaCTHIL U KU/
KOCTEH, BBISBIICHBI PEUMYIIIECTBEHHBIC TTOKa3aTe I 3(PPEKTUBHOCTH ceraparopa 1o CpaBHCHHUIO
¢ punbTpom. Takke B paboTe ObLIN JaHBI pEKOMEHAAIMH HAWTYy4Illeld PeryJIMpOBKHU TOIUIMBA JIJIS
Jydieil paboThl cernapaTophl.

Cnucox ucnoIb30BaHHOM JIMTEPATYPHI
1. CynoBble cenaparopbl ToruBa U macia: yued. mocooue / B.M. Xapun, H.H Ko0Gskos,
9.B. Kopaunos; noa. pea. B.M. Xapuna. Onecca: Jlarcrap, 2001. 104 c.

2. CynoBble SHEPreTUUECKUE YCTAaHOBKHU: Hay4YHO-TEXHUUECKUi cOopHuUK. Brin. 28. Onecca:
OHMA, 2011. 144 c.
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3. TommBO M TOTUIMBHBIE CUCTeMbI CynoBbIxX am3eneid / FO.A. ITaxomos, HO.I1. KopoOkos,
E.B. Imutpuesckuii, I'.JI. Bacunbes; nox pen. xana. texH. Hayk FO.A.IlaxomoBa. M.: PKon-
cynbT, 2004. 496 c.

4. http://mydocx.ru/1-52942.html

G.G. Sapronov
Dalrybvtuz, Vladivostok, Russia

THE MODERN SEPARATION OF FUEL ON SHIPS

In this paper, the most effective method of cleaning heavy fuel on a ship is considered, the physical
phenomenon of the unit, the motion of particles and liquids with the help of a theoretical material is ana-
lyzed, a comparison of the separator efficiency indicators in comparison with the filter is shown. In this
paper a separator of the company Alfa Laval s type.

CBenenusi 00 aBtope: CamponoB ['ennaguii ['ennanbeBuy, CMc-112; e-mail: gena.
sapronov01@yandex.ru

YK 637.612

H.A. Crenanos
Hayunsiit pykoBonutens — JI.M. SIkoBeHKO, KaH[. (pu3.-MaT. HAYK, JOLCHT
OI'bOY BO «/lanbpsioBTY3», BiagusBoctok, Poccus

NCCIEJOBAHUE MATHUTHOT' O ITOJISA COJTIEHOU A

PaCCMOmpeHbl pasiudHsvle munvl CONLeHOUO08 U UX npakmu4ecKkoe npumeHenue. Hccneoosano mae-
HUmMHOE NoJjle COJEHOUOA C nomouwvio oamuuxa Xonna.

ConeHounpl MPUMEHSIOTCS BO MHOTHUX OTPACISX MPOMBIIIJICHHOCTH ¥ BO MHOTHX O0JIACTSIX
rpaxaaHckoi chepbl AesTeabHOCTH. YacTo MOCTynaTeabHbIe JIEKTPOIPUBOABI — 3TO Kak pa3
npuMep paboThl COJICHOUAOB HA MOCTOSIHHOM TOKe. HOXKHUIBI OTpe3aHusi YeKOB B KaCCOBBIX aIl-
naparax, KJIaraHbl JIBUTaTeNeH, TATOBOE peJie CTapTepa, KianaHbl THAPABIMUYECKUX CUCTEM H T.1I.
Ha nepeMeHnHOM TOKe CONEHOU Bl paOOTAIOT B KAUECTBE UHIYKTOPOB TUTEIBbHBIX MEUECH.

OOMOTKH COJICHOUIOB, KaK MPaBUJIO, U3TOTABIMBAIOT U3 MEIHOTO, PEKE — U3 AIFOMUHUEBO-
ro npoBoja. B BHICOKOTEXHOJOTHYHBIX OTPACISAX MPUMEHSIOT OOMOTKH M3 CBEPXIIPOBOJHUKOB.
CepieyHUKH MOTYT OBITh KEJIC3HBIMU, YyTYHHBIMU, (DEPPUTOBBIMH HJTU U3 HHBIX CIIABOB, YaCTO
B (hopMe MakeTa JUCTOB, @ MOTYT M BOBCE OTCYTCTBOBATb.

B 3aBucuMOCTH OT Ha3HAuEHUSI ANEKTPHUECKONW MAIIUHBI CEPICYHUK AENACTCS M3 TOTO WIN
MHOTO MaTepHuaia. YCTpOHCTBa THIA MOJBEMHBIX 3JIEKTPOMArHUTOB, COPTUPYIOIIME CEMEHa,
OYUCTUTENH YTJIA U T.7. Jlajee paccMOTPUM HECKOJIBKO MPUMEPOB IPUMEHEHHS COJICHOUIOB.

DJIEKTPOMATHUTHBIN KJIanaH Tpydonposoaa

[Toka HampspkeHre Ha OOMOTKY COJIGHOM 1A He MOJaHO0, TapesKa KianaHa IUIOTHO MpuXkara K
MMAJIOTHOMY OTBEPCTUIO MPYKUHOU, U TpyOorpoBoa nepekprIT (puc. 1). [lpu momade Toka B 00-
MOTKY KJIarlaHa SIKOpb M COEIMHEHHas ¢ HUM Tapeika KJalaHa MOJAHUMAIOTCS, BTSATUBAsICh Ka-
TYIIKOH, MPOTUBOACHCTBYS IPY)KUHE U OTKPBIBAsi MUJIOTHOE OTBepcTHe (pHcC. 2).

Pa3zHoCTh maBiieHuit ¢ pa3HBIX CTOPOH OT KJIanaHa MPUBOJIUT K JIBMYKCHHUIO KHUIKOCTH B TPY-
OomnpoBoJe, U, MOKa Ha KaTYUIKy KJaraHa MoAaHo HalpshKeHHEe, TPyOOIpoBOI HE TIEPEKPHIT.

Korna nutanue ¢ coieHouga CHITO, IPYKUHY OOJbIIE HAYETO HE YICPIKUBAET, M Tapeika
KJIalaHa yCTPEeMIIIETCSl BHU3, IEPEKPBIBasi MHMJIOTHOE OTBepcTHE. TpyOOorpoBO L BHOBb MEPEKPHIT.
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Puc. 2. TpyOompoBo OTKpPHIT

Brarusarouiee peJjie crapTepa aBTOMOOMIIA

Craprep (puc. 3—4) sBIS€TCS IO CYTH MOITHBIM MOTOPOM TOCTOSIHHOTO TOKa C MUTAHUEM OT
aKKyMyJsTOpa aBroMoOuisi. B MomeHT mycka nBurarens 3yOuaTtas miecTepHs craprepa (OeH-
JIMKC) JOJDKHA OBICTPO CIIETIMTHCS C MAaxOBHKOM KOJICHBaJa Ha HEKOTOPOE BPEMs, U OIJHOBpE-
MEHHO BKJII0O4aeTcst MOTop ctaprepa. ConeHous 31ech — 00MOTKA BTATUBAIOLIETO pelie cTapTepa.

BrsaruBaromee pene ycTaHOBIEHO Ha KOpIyce cTapTepa, U MPH IMoJ1aue MUTAHUS K 0OMOTKE
pesie MPOUCXOAUT BTATMBAHUE XKEJIE3HOTO CEpJeUHUKA, COCJMHEHHOIO C MEXAaHU3MOM, BbIIBH-
raromuM mectepHto Buepea. [locie mycka ABUraTensl MUTaHWE ¢ OOMOTKH pejieé CHUMAETCs, U
HIECTEpHs BO3BpallaeTcsi 00paTHO Ojaronaps npy>KuHe.

Puc. 3. Craprep 6e3 BTATHBaHUS
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Puc. 4. Craprep co BTSIrUBaHUEM

CosieHONIHBIN 3aMOK

B coneHonaHbIX 3mekTpo3aMkax (puc. 5) pureiab NPUBOIUTCS B JIBUKEHHUE YCHUIIMEM 3JIEK-
TpOMAarHura. Takue 3aMKHn MPUMCHAIOTCA B CUCTCMAaX KOHTPOJIA AOCTYyIIa W B HIJIFO30BBIX ABEP-
HbIX cucreMax. OOopynoBaHHAs TaKUM 3aMKOM JIBEPb MOXET ObITh OTKpBITA TOJBKO B MEPUOJ]
JIEHCTBHSI YIPABJIIIONIETO curHaina. [locne CHATHA 3TOro CUrHajia 3akpbiTasl IBEpb OCTAHETCS 3a-
NIEPTON HE3aBUCUMO OT TOT0, OTKPBIBAJIACH JIM OHA.

K MpEeMMyieCTBaM COJICHOUAHBIX 3aMKOB MOKHO OTHECTHU MX KOHCTPYKIHIO — OHAa HAMHOI'O
IpoIle, YeM Y MOTOPHBIX 3aMKOB, Oojiee u3HococToika. Kak BuanuM, 3/1€Ch COJIEHOU] CHOBA pa-
0oTaeT B mape ¢ BO3BPATHOW NPy KUHOM.

O :
Puc. 5. 3amok

CoseHOMIHBI MHAYKTOP CKBO3HOI'0 HArpeBa

[Ipu CKBO3HOM HarpeBe HCIOIB3YIOT OOBIYHO COJICHOUIHBIE MHOTOBHTKOBBIC WHIYKTOPBI
(puc. 6). O6MOTKY MHIYKTOpa U3TOTABIMBAIOT U3 MEIHOM TPYOKH C BOJSHBIM OXJIAXKICHUEM WIIH
U3 MEIHOM INHEI.

Puc. 6. ConeHounHbIN HHAYKTOP

B ycTaHoBKax cpeaHel 4acTOThI HCTIOIB3YIOT OJHOCIOMHBIE OOMOTKH, a B YCTAHOBKaX IpoO-
MBIIIJICHHON YaCTOTHI 0OMOTKA MOKET ObITh KaK OJHOCIOWHOM, TaK ¥ MHOTOCJIOHHON. JTO CBSI-
3aHO C BO3MOXHBIM YMEHbBILIEHUEM 3JIEKTPUUECKHUX MOTEPh B MHIYKTOPE U C YCIOBUSIMHU COIJIa-
COBaHMS MAapaMeTPOB HATPY3KU U C MapaMeTpaMu MCTOYHUKA MUTAHUS 10 HAMPSHKCHUIO U KOd(-
¢bunuenty momHoctu. s obecrieueHus: JKeCTKOCTH KaTyIIKU MHAYKTOpa yalle BCEro mnpume-
HSIOT €€ CTSDKKY MEXIY TOPIIOBBIMU acOECTOIIEMEHTHBIMH TTUTAMH.
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B coBpeMeHHBIX yCTaHOBKaX MHIYKIMOHHOW 3aKaJKH W HarpeBa COJICHOWIBI pabOTaroT B
peKUME NMUTaHUs IEPEMEHHBIM TOKOM BBICOKOM 4acTOThI, O3TOMY (DeppOMArHUTHBIN CepAeUHUK
UM, KaK [IPaBUJIO, HE HYKEH.

ConeHonIHbIN 1BUTaTe b

B opHOKaTyIIEYHBIX COJICHOMIHBIX JIBUTATENSAX BKIIOYEHHE M BBIKIIOYCHHE paboyeil Ka-
TYIIKH IPUBOAUT K MEXAHUUYECKOMY JIBWIKEHUIO KPUBOUIMITHO-IIATYHHOIO MEXaHU3Ma, IIPUYEM
BO3BPAT OCYUIECTBIISIETCS OMSTH )K€ MPYKUHOH, TOJOOHO TOMY, KaK 3TO MPOUCXOIUT B JIEKTPO-
MarHMTHOM KJIAIlaHE U B COJICHOUJHOM 3aMKE.

B MHOrokaryme4yHblX COJICHOUAHBIX JBUTATENSAX MMONEPEMEHHOE BKIIIOUEHUE KaTyIIEK OCy-
LIECTBIIACTCS NPU NMOMOLIM BeHTWIeH. K Kak10i KaTylKke TOK OT MICTOYHHMKA NUTaHMsI IOAeTCs
B OJIMH U3 MOJYINEPHOJ0B CUHYCOMIaIbHOrO HanpskeHus. CepeuHUK MOOUEPEHO BTATUBACTCS
TO OJHOM, TO JPYroW KaTyIIKOM, COBEpIIAas BO3BPATHO-IIOCTYNATEIbHOE JABM)KEHUE, IPUBOJS BO
BpAILlCHUE KOJICHYATBIN BaJl MU KOJIECO.

Puc. 7. ConeHonaHbIA IBUTATEH

CoJieHOUIbI HA IKCIIEPUMEHTAIbHBIX YCTAHOBKAX

DKcniepuMeHTalbHbIe yCcTaHOBKU THma aetekropa ATLAS, pabotaromue Ha Bonbmom an-
ponHoM koiutaiiiepe B LIEPH, ncronb3ytoT MOIIHBIE AJIEKTPOMArHUTHI, KOTOPBIE TOXKE BKIIIOYA-
IOT B c€0s COJICHOUIBI. DKCIIEPUMEHTHI B (DU3UKE AJIEMEHTAPHBIX YACTHII MTPOBOSATCS C IIEIBIO
0OHapy>KEHUS CTPOUTEIBHBIX OJIOKOB MAaTEPUU U U3YUYCHHS PYHIAMEHTAIBHBIX CHJI IPUPOIBI, HA
KOTOPBIX JepKUTCS Haia BeeneHHast.

Puc. 8. Ycranoska
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Karymkn Tecaa

Hakonen, nenurenn Hacinenus Huxonsl Tecia Bcerza HMCHONIB3YHOT COJIEHOMIBI AJIS I1O-
CTpoeHMs KaTyuek. Bropuunas o6moTka Tpanchopmartopa Tecina — HE UTO UHOE, KaK COJICHOU]I,.
W nnvHa npoBoAa B KaTYyIIKE OKa3bIBAETCSI OUE€Hb Ba)KHOM, BEJlb CTPOUTEIM KAaTyLIEK UCIIOJIb3Y-
I0T 3[I€Ch COJICHOM/bI HE KaK JJIEKTPOMArHUThl, & KaK BOJHOBOBI, KAK PE30HATOPHI, B KOTOPBIX
KaK B JII0OOOM Kos1e0aTeIbHOM KOHTYpPE €CTh HE TOJIbKO MHAYKTUBHOCTb IIPOBOJIA, HO U €MKOCTb,
dopmupyeMasi B JaHHOM CJlydae paclosIOKEHHbIMU BIUIOTHYIO JpYr K Ipyry BuUTkamu. Kcraru,
TOPOU/]] Ha BEpUIMHE BTOPUYHON OOMOTKHU IIPHU3BaH KaK pa3 CKOMIIEHCHUPOBATh 3Ty paclpesesieH-
HYIO EMKOCTb.

Puc. 9. Karymka Tecna

Cnmcok ucnoIb30BaHHOM JIUTEPATyPhI

1. bornapes b.B., Kamamuukos H.I1., Crmpun I'.I'. Kypc obmie#t ¢usuku. M.: Beici. mik.,
2003. 438 c.

2. CasenbeB U.B. Kypc obmieii ¢puzukn. CI16.: Jlans, 2006. T. 2.

3. ®usnueckas s>HuMKIonenus / mox pea. A.M. IIpoxopos. M: bonsmas Poccuiickast 3H-
nukioneaus, 1992. T. 3. 672 c.

4. Tpopumona T.U. Kypc ¢puzuku. M: Axagemus, 2007. 558 c.

N.A. Stepanov
Dalrybvtuz, Vladivostok, Russia

SOLENOID

Various types of solenoids and their practical application are considered. The magnetic field of a so-
lenoid was investigated using a Hall sensor

Cgenenusi 06 aBrope: CrenanoB Hukura Anexcanapoud, bT0-112, e-mail: real.nikita.
stepanov.1810@gmail.com
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V]IK 53.8

M.C. TumueHko
Hayunsiit pykoBoauteins — O.®. Jlananuk, KaH[. el. HayK, JOLEHT
OI'bOY BO «/lanbpsioBTY3», Biagusoctok, Poccus

INPUMEHEHMUE JIASEPOB B TEXHOJIOI'HYECKHUX ITPOLHECCAX

Pacwwampueaemc;z npuryun Oeticmeust aazepos, ux xapakmepucmuku u ceoﬁcm@a, npumeHnenue 6
pasiudHblx cgbepax, a makoice HeEMHO20 ucmopuu.

Hctopus co3panus jasepa

Ci0BO «1a3ep» COCTaBJIEHO W3 HadaJbHBIX OYKB B AHIJIMICKOM cioBocodyeraHuu Light
Amplification by Stimulated Emission of Radiation, 4to B nepeBojie Ha pycCCKuil s13bIK O3HAYAET:
YCHUJIGHHE CBETa MOCPEICTBOM BBIHYKJIEHHOTO HUCIycKaHUs. Takum 00pa3oMm, B cCaMOM TepMHUHE
«1azepy» OTpakeHa Tak (yHIaMEHTalIbHAasl POJIb MPOLIECCOB BBIHYKICHHOTO HUCITyCKaHUS, KOTO-
PYIO0 OHM WUIPAIOT B F€HEPATOPAX M YCUIIMTEISIX KOrepeHTHOro ceera. [loaTomy ucropuro cosna-
HUS J1a3zepa cieayeT HaunHath ¢ 1917 r., korma AnsOepT DUHINTEHH BIIEPBBIC BBEJ MPE/ICTaBIIe-
HUE O BBIHYXJCHHOM HCITyCKaHHUU.

IlepBoHauanbHO 3TOT CIOCOO YCUIIEHUS U3TYUYEHUS OKA3aJcs peali30BaHHbIM B paJuoHana-
30HE, a TOYHEE B JUamna3oHe CBepxBhICOKUX yacToT (CBY-nuana3one). B mae 1952 r. Ha O6meco-
I03HOH KOH(EepeHIH 1o paauocnekTpockonuu coBerckue pmuku H.I'. bacoB u A.M. [Ipoxopos
cAenalid JOKJIaJ O MPUHIMIINAIBbHON BO3MOXKHOCTH CO3/IaHMs ycuinuTens uziydenus B CBU-nua-
nazoHe. OHU Ha3BaJIU €r0 «MOJEKYJISAPHBIM reHepaTopom» (IPeanoiaraioch UCIONIb30BaTh IMy-
YOK MOJIEKYNl amMMuaka). [IpakTuyecku oTHOBPEMEHHO MpeioKeHHe 00 MCMOIb30BaHUU BBIHY-
JACHHOTO UCITyCKaHU JJIsl yCUIICHUSI U TeHEPUPOBAaHUS MUJUIUMETPOBBIX BOJH ObLIO BBICKA3aHO
B Konmymo6wuiickom yauBepcutete B CIIIA amepukanckum ¢puzukom Y. TayHCOM.

CrycTs aecath JeT nocje co3lanus Masepa, B 1964 r. Ha 1iepeMOHHH, TOCBALIEHHON Bpyue-
Huto Hobenerckoit mpemun, akagemuk A.M. [Ipoxopos ckazan: «Ka3zanock Obl, 4TO TOCIE CO3-
JIaHUSI Ma3epoB B PaJHOAMANa30He BCKOpe OyIyT CO3/1aHbl KBAHTOBBIC T€HEPATOPHI B ONTHYECKOM
nuanazone. OHaKko 3Toro He ciy4yunock. OHU ObUTH CO3aHbl TOJBKO Yepe3 MATh-IIeCTh JIeT. UeM
3TO 00BsAcHseTC? 31ech ObUTH J1Be TpyIHOCTH. [lepBasi TpyJHOCTB 3aKiI04asiach B TOM, YTO TOTa
He ObUTH MPEIIOKEHbI PE30HATOPHI AJIsi ONTUYECKOTO JUara3oHa JJIMH BOJIH, U BTOpas — He ObUIH
MPENI0KEHbl KOHKPETHBIE CUCTEMBI M METO/IbI TIOJyYEHHUs] UHBEPCHOM 3aCEJI€HHOCTH B ONTHYE-
CKOM JIMaIla30He».

Takum 00pa3oMm, MHTEHCHUBHBIE TEOPETUYECKHUE U SKCIIEPUMEHTAIbHBIE MCCIEIO0BAaHUS B
CCCP u CHIA BIUIOTHYIO MOJIBEJIM YYEHBIX B CaMOM KOHIIE 50-X roIoB K CO3/IaHMIO ja3zepa. Yc-
neX BBINAT Ha JIOJII0 aMepuKaHckoro ¢pusuka T. MeiimaHa.

Tak HauMHAeTCsl HOBBIN, «Ia3epHbID nepuoa ontuku. C Hayaga CBOEro BOSHUKHOBEHHUS Jia-
3epHas TEXHHMKA PA3BUBAETCS UCKIIOYUTEIHHO OBICTPHIMU TeMnamu. [I0sSBIAIOTCS HOBBIC THUIIBI
Ja3epOB U OJTHOBPEMEHHO YCOBEPILEHCTBYIOTCS CTapble. DTO MOCIYXKUIO MPUUYUHON TITyOOKOTO
MIPOHUKHOBEHUS JIa3€pOB BO MHOTHUE OTPACIIA HAPOJHOIO XO35MCTBA.

IIpunuun padorsl 1a3epa

[TpuniunuanbeHas cxema jazepa KpalHe MpOCTa: aKTUBHBIA AJIEMEHT, IOMENICHHBIA MEXy
JIByMSI B3aMMHO NapajuleJIbHBIMU 3epKajlaMu. 3epKajia 00pa3yloT Tak Ha3bIBA€MbIN ONTUYECKUN
pPEe30HATOP; OJJHO U3 3€pKaJl JIENal0T clierka Mpo3padyHbIM, CKBO3b 3TO 3€pPKajlo U3 pe30HATOpa BbI-
XOIMT Ja3epHbIid Tyd. UToOBI Hayamach TeHeparys JIa3epHOTO M3Iy4YeHUs,, HEOOXOMMO «HaKa-
4yaTh» aKTUBHBIN JIEMEHT SHEPrueil 0T HEKOTOPOT0 UCTOYHUKA (€r0 Ha3bIBAIOT YCTPOMCTBOM Ha-
kaukm) (puc. 1).
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—‘ AETHEHEIN H
A NEMEHT
NazepHoe
HSTYHEHME
Jeprana Jeprana
YHerpolicTen

Hak.34kH

Puc. 1. YerpoiictBo nazepa

JleiicTBUTENEHO, OCHOBHOM (hM3MYECKUI TpoIlecc, ONMpEeeNaomui eiicTBre Ia3epa, — 3TO
BBIHYK/ICHHOE HMCIyCKaHUe u3iiydeHusi. OHO MPOUCXOIUT MPHU B3aUMOACHCTBUU (POTOHA C BO3-
Oy»I€HHBIM aTOMOM TIPU TOYHOM COBIIAJICHUH SHEPTruu (POTOHA ¢ HHEPrUeii BO30Yk ACHUS aToMa
(W11 MOJIEKYJIBI).

B pesynbrare 3TOro B3auMoJeHCTBUS BO30YXKACHHBII aTOM NEPEXOIUT B HEBO30YXKICHHOE
COCTOSTHUE, a M30BITOK YHEPTUU U3ITy4aeTCs B BHJIC HOBOTO ()OTOHA C TOYHO TAKOM K€ dHEPTHUEH,
HAINpPaBIEHUEM PACIIPOCTPAHEHUS U TMOJIIpU3allied, Kak U y nepBUUHOro ¢oroHa. Takum oOpa-
30M, CIIEACTBHEM JAaHHOTO MPOIECCa SBIISETCS HAMYHE yKe JIBYX a0COIOTHO UACHTHYHBIX (O-
ToHOB. [Ipu nanbHeliieM B3auMOAECHCTBUU 3THUX (DOTOHOB C BO30YKIACHHBIMH aTOMaMH, aHAJIO-
TUYHBIMUA TIEPBOMY aTOMy, MOXET BO3HUKHYTH «IIEITHAsI PEAKIUsD» PA3MHOKEHHUS OJIMHAKOBBIX
(GOTOHOB, «IETAUIMX» a0COMIOTHO TOYHO B OJHOM HAMpPABIIEHUH, YTO MPHUBEAET K MOSIBICHUIO
Y3KOHAIIPABJIICHHOTO CBETOBOTO Jiy4da. |Jisi BOSHUKHOBEHWSI JIABHHBI UICHTHYHBIX (DOTOHOB HE00-
X0JMMa Cpefia, B KOTOPOU BO30YXAEHHBIX aTOMOB ObLIO OBl 0OJIbIIIE, YeM HEBO30YKICHHBIX, MO~
CKOJIBKY TIPH B3aMMOJICHCTBUHM (DOTOHOB C HEBO30YKICHHBIMA aTOMaMH TPOUCXOAMUIIO OBl TO-
rinomienue ¢otoHoB. Takas cpeia Ha3bIBAETCS CPEloW C MHBEPCHON HACEICHHOCTHIO ypOBHEH
sHeprud (puc. 2).

Manoce! noraaw eHHA

EESHSHH'—IE‘TEJ’IbeIE
NepeXodbl

<

PaVaN = L0

Puc. 2. Cxemarndeckoe n300paXkeHUE Cpe/Ibl ¢ MHBEPCHOW HACEIICHHOCTHIO YPOBHEH SHEPTHH

Wtak, KkpoMe BBIHYkIEHHOTI'O UCIyCKaHUs (POTOHOB BO30YKICHHBIMH aTOMaMH IPOUCXOMST
TaKXe MPOIEecC CaMOIPOU3BOIBHOIO, CIIOHTAHHOT'O UCIyCKaHHUs (JOTOHOB IpH Mepexojie Bo30y-
’KJICHHBIX aTOMOB B HEBO30Y’KJEHHOE COCTOSHUE U IPOLECC MOIJIOLIEeHUsT (POTOHOB IpHU MEpexo-
Jie aTOMOB U3 HEBO30Y>KIEHHOI'O COCTOSHHS B BO30Y>KIEHHOE. DTH TPU MPOLECCA, CONPOBOXK-
JIaloIMe Nepexobl aTOMOB B BO30Y K/AE€HHBIE COCTOSIHUS M 00OpaTHO, ObLIM MOCTYJIMPOBAHBI, KaK
y>K€ FOBOPHJIOCH BblIlIE, A. DiiHIITEHHOM B 1916 .

Ecnu uncno Bo30yXA€HHBIX aTOMOB BEJIMKO U CYLIECTBYET MHBEPCHAs! HACEJIEHHOCTh YPOB-
Heil (B BepXHEM, BO30YkK/I€HHOM COCTOSIHUM aTOMOB OOJIbIIE, YEM B HUKHEM, HEBO30YKICHHOM),
TO TIEPBBIN k€ (POTOH, POAMBIINIICS B pe3yJIbTaTe CIIOHTAHHOTO M3ITyYSHHS, BHI30OBET HAPACTAIO-
I1YI0 JJABUHY MOSBJICHUS WACHTUYHBIX eMy (hoTOHOB. [Ipon3oiieT ycuiieHne CioHTaHHOTO U3IY-
YEHUSI.
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[Ipu oHOBpEMEHHOM POXACHUM (MPUHIUITHAIBHO 3TO BO3MOXKHO) OOJIBIIOTO YHUCIIA CIIOH-
TAHHO HCITYIIEHHBIX (POTOHOB BO3HMKAET OOJBILIOE YHUCIO JIAaBUH, KaXKAas U3 KOTOPBIX Oyaer
pacrpoCTpaHsAThCS B CBOEM HAIpaBIICHUH, 33JaHHOM MEPBOHAYAIBHBIM (DOTOHOM COOTBETCT-

BYIOILIEH JIABUHBI.
3 df
]
',‘“_:J‘r .'L\
= o) N
% WJ‘
. o
s
|
Puc. 3. CnioHTaHHO poauBIIHECs (POTOHBI, HAITPABIEHUE PACTIPOCTPAHEHUS KOTOPBIX
HE NEPIEHIUKYJIISPHO IUIOCKOCTH 3€pKal

OHnu co3narot 1aBUHbI (POTOHOB, BHIXOJISIIME 3a MIPEAEIIBI CPEIbI.

B pesynbprare Mbl MOIY4YMM IOTOKH KBAaHTOB CBETa, HO HE CMOXEM IIOJyYUTb HHU HAIpaB-
JIEHHOT'O JIyYa, HU BBICOKOM MOHOXpPOMATUYHOCTH, TaK Kak Kax/as JIaBUHAa WHULUHUPOBAJIACH
COOCTBEHHBIM I€pBOHAYATIbHBIM (OTOHOM. /[y TOro yTOOBI CpEey C MHBEPCHOW HACEIEHHOCTHIO
MOYKHO OBUIO MCHOJIB30BATH /ISl TEHEPAIMH JIa3epHOTO JIyda, T.€. HAIPABJICHHOTO JIy4a C BBICO-
KOl MOHOXPOMAaTMYHOCTBIO, HEOOXOIUMO «CHUMATh» HMHBEPCHYIO HACEJIEHHOCTb C IOMOIIbIO
NEePBUYHBIX (DOTOHOB, YXKe 00JIaIalOIINX OJHON M TOW e HAIPaBJICHHOCTHIO N3TYYCHHS U OJHON
U TOH XK€ DHEpPruel, COBMANAIOLIEH ¢ DHEPrUEN JaHHOIrO Iepexoja B aroMe. B aTom ciydae Mbl
OyzileM UMETb JIa3ePHBIN YCUIIUTEIb CBETA.

CymecTByeT, OqHAKO, U IPYrol BapUaHT MOIYUYEHUs JIA3EPHOTO JIy4a, CBSA3aHHBIN C UCIIOJIb-
30BaHUEM cucTeMbl 0OpaTHOH cBs3u. Ha puc. 3 BUAHO, YTO CIOHTAaHHO POAMBILKECS (OTOHBI,
HaIPAaBJICHUE PACIPOCTPAHEHUS! KOTOPBIX HE NEPIEHANKYJIISPHO IJIOCKOCTH 3€pKajl, CO3/1at0T Ja-
BUHBI (DOTOHOB, BBIXOSIIUE 32 MPENeNbl cpebl. B To ke BpeMsi pOTOHBI, HaNpaBICHUE PaCIIPO-
CTPAaHEHUsI KOTOPBIX HNEPNEHIUKYJSIPHO IUIOCKOCTH 3€pKajl, CO31alyT JaBUHBI, MHOTOKPAaTHO
YCWJIMBILIHMECS B CPEJIE BCIAEACTBHE MHOTOKPATHOTO OTpa)KeHUs! OT 3epKai. Eciu ogHO U3 3epkan
Oyzer o0nagaTh HEOOIBLIMM MPOITYCKAHUEM, TO Yepe3 Hero OyJIeT BHIXOAUTh HAIIPaBJICHHBIH MO-
TOK (DOTOHOB MEPNEHAUKYJSPHO MJIOCKOCTU 3epkail. [Ipu nmpaBuiibHO 10100paHHOM MpPOIyCKa-
HUU 3€pKajl, TOUHOW MX HACTPOMKE OTHOCHUTEIBHO IPYT APYra U OTHOCUTEIBHO MPOJOIBHON OCH
Cpebl ¢ MHBEPCHOM HACENIEHHOCThIO OOpaTHasi CBsI3b MOXKET OKa3aThCsl HACTOJIBKO d(h(eKTHB-
HOH, YTO U3JIyYeHHE «BOOK» MOXKHO OYZET MOJIHOCTBIO MPeHeOpeyb M0 CPAaBHEHUIO C U3TyUYEeHHU-
€M, BBIXOJSAUIMM uepe3 3epkaia. Ha mpakTuke 3To, AEMCTBUTENBHO, yHaeTcs caenaTh. Takyro
CXeMy OOpaTHOHM CBSI3M Ha3bIBAIOT ONTHYECKUM PE30HATOPOM, U MMEHHO 3TOT THIl pe30HaTOpa
UCTIONB3YETCs B OOJIBIIMHCTBE CYIIECTBYIOIINX JIA3€POB.

HekoTopble yHHKaJIbHbIE CBOHCTBA JIA3€PHOI0 U3/1y4YeHUs

PaccmoTpuM HEKOTOpBIE YHUKAQJIBHBIE CBOWMCTBA JIA3€pHOro M3inydeHus. [Ipu crioHTaHHOM
U3IY4YeHUU aTOM M3JIy4yaeT CHEKTPalbHYIO JIMHUIO KOHEYHOH mmmpuHbl. [Ipu maBuHOOOpa3sHOM
HApaCTaHWW YHCJa BBIHYXJICHHO HCIYLICHHBIX ()OTOHOB B CPEIEe C MHBEPCHOW HACEIEHHOCTHIO
MHTEHCUBHOCTb M3JIyYEHMs 3TOH J1aBUHBI OyAET BO3pacTaTh MPEXKIE BCEro B LIEHTPE CIEKTpalib-
HOM JIMHUM JIaHHOTO aTOMHOTI'O MEepexojia, U B pe3ysbTaTe 3TOro IMpoliecca MUpPUHA CIEKTPallb-
HOW JIMHMU IEPBOHAYAIBHOIO CIIOHTAHHOTO M3JyueHHsl OyaeT yMmeHbliatbcs. Ha mpakTtuke B
CHELMAJIbHBIX YCIIOBUAX YJAETCs CeIaTh OTHOCUTEIbHYIO IIUPUHY CIIEKTPAIbHOM JIMHUHU JIa3ep-
HOTO U3JTy4EHHs B 10"-10" pa3 MeHbIlle, YEM HIMPHUHA CAMBIX Y3KHUX JIMHUI CIOHTAHHOIO U3Iy-
YeHUs1, HAOJII01aeMbIX B TIPUPOJIE.
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Kpome cyxeHus TMHUN U3Ty4eHMsl B JIa3epe YIAeTCsl MOJIyYUTh PaCXOJUMOCTD JIyda MEHee
107 panuana, T.e. Ha ypoBHE yIJI0BBIX CEKYH/I.

W3BecTHO, UTO HANpaBICHHbIN Y3KUH JIyd CBETa MOXKHO MOJYYUTh B MPHUHIUIE OT JIFOOOTO
MCTOYHMKA, NTOCTAaBUB HA MYTH CBETOBOIO IMOTOKAa Psij 3KPAaHOB C MaJ€HbKUMHU OTBEPCTHUSIMU,
pacroyio’keHHBIMHU Ha 0HOM mpsimoid. [lpencraBum cebe, 4To MBI B3sUTH HATPETOE YEPHOE TEJIO U
C TIOMOIIBIO AradparM MOJYUYUIIM JIyd CBETA, U3 KOTOPOTO MOCPEACTBOM MPU3MBI UM JIPYrOro
CHEKTPaJIbHOTO MPUOOpPA BBIIAEIWIN JIyd C LIMPUHOM CHEKTpa, COOTBETCTBYIOIIEH IIMPUHE CIEK-
Tpa Ja3epHOro M3JIy4eHHs. 3Hasi MOIIHOCTD JIA3€PHOI0 U3JIyYEHHUs, IUPUHY €0 CIIEKTPA U YIJIo-
BYIO PacXOJAMMOCTh JIy4a, MOKHO € MOMOIIbI0 (hopmysbl [1naHka BEIUUCIUTH TeMIepaTypy BO-
00pa)kaeMoro YepHOro Tefa, UCIOJIb30BAaHHOTO B Ka4eCTBE MCTOYHUKA CBETOBOTO Jyya, SKBHBA-
JICHTHOTO JIa3€PHOMY JIy4dy. DTOT pacueT MPUBEJET HAC K (aHTACTUUECKOH 1udpe: Temmeparypa
YEepHOT0 Teja J0JDKHA OBITh MOPsIKA ASCATKOB MUJUTMOHOB I'paaycoB! Y IMBUTEIHHOE CBOMCTBO
Ja3epHOTO Jy4a — €ro BbICOKas >(PQeKTHBHAs Temreparypa (Iaxke MpU OTHOCHTEIBHO Majon
CpellHEel MOLTHOCTH JIa3epPHOT0 M3IyUYEeHHsI U MaJIOM SHEPruu JIa3epHOr0 UMITYJIbCa) OTKPhIBACT
nepes ucciaea0BaTeNsIMU OOJIbIIINE BO3MOXKHOCTH, a0COIIOTHO HE OCYIIECTBUMbBIE 0€3 UCIOIB30-
BaHMUs Jlazepa.

IIpuMeHeHMe J1a3epoB B pa3IMYHBIX TEXHOJOIMYECKHUX Mpoleccax

Bbicokas MOHOXpOMAaTUYHOCTh U KOI€PEHTHOCTD JIa3€PHOI0 M3IyueHUs: 00ecreunBaroT yc-
MEIIHOE PUMEHEHHE JIa3€pOB B CIIEKTPOCKOINY, UHULMMPOBAHUN XUMUYECKUX PEAKIMM, B pa3-
JIEJIEHUU U30TOMNOB, B CHCTEMAX U3MEPEHUS JTUHEHHBIX U YIVIOBBIX CKOPOCTEH, BO BCEX MPUIIOXKE-
HUSX, OCHOBaHHBIX HAa HCIOJIb30BAHUM HMHTEP(PEPEHLMH, B CHCTEMax CBS3H U CBETOJIOKAIUU.
Oco0o cnenyeT, 04eBUIHO, BBIIACIUTH IPUMEHEHHUE JIa3epOB B rosiorpaduu.

BricoKkasi TNIOTHOCTH PHEPTUU M MOIIHOCTH JIA3€PHBIX ITyYKOB, BO3MOXKHOCTH (DOKYCHPOBKU
JIA3€pHOI0 M3JIy4YEHHs B MATHO MaJbIX Pa3MEPOB UCIIOJIB3YIOTCS B JIA3€PHBIX CUCTEMAaX TEPMO-
SJICPHOTO CUHTE3a, B TAKMX TEXHOJOTMYECKHX IPOLECCaxX, KaK Jla3epHas pe3Ka, cBapka, CBEpJIe-
HUE, TTOBEPXHOCTHOE 3aKaIMBaHUE W pa3MepHas 00paboTKa pa3auvHbIX JeTalIeid. DTH K€ CBOM-
CTBa U HANPAaBIEHHOCTH JIA3€PHOT0 U3ITy4YEHHUsI 00€CIeYNBAIOT YCIECITHOE IPUMEHEHHE JIa3€POB B
BOCHHOW TEXHUKE.

HampaBiieHHOCTb J1a3€pHOTO M3JIy4YEHMs], €r0 Majlas pacXOJUMOCTb IPUMEHSIOTCS IIPU IIPO-
BEIIMBAHUHU HAIPaBIICHUH (B CTPOUTENILCTBE, I'eOE3UH, KapTorpaduu), sl LEJICHABEIACHUS U
LEJICYKa3aHMsl, B JIOKALMK, B TOM YHCJIE U I U3MEPEHUS PACCTOSHUN 10 HCKYCCTBEHHBIX CITYT-
HUKOB 3€MJIY, B CUCTEMAX CBS3HM 4Y€pe3 KOCMOC U MTOABOJIHOMN CBSI3U.

C co3gaHueM Jia3epoB MPOU30LIET KOJOCCAIbHBIA MPOrPecC B pa3BUTUN HEJIMHEHHOW ONTH-
KU, UCCIICIOBAaHUH M HCIIOJIb30BAaHUM TAKMX SIBICHUW, KaK T€HEpalusi TapMOHUK, caMo(oKycH-
POBKa CBETOBBIX ITy4YKOB, MHOTO()OTOHHOT'O MOTJIOIIEHUS, Pa3IMYHBIX TUIIOB PACCEUBAHUS CBETA,
BBI3BAHHBIX I10JIEM JIA3EPHOTO U3JTYUYEHHUS.

Jlazepbl ycreurHo MCHOJB3YIOTCS B MEIUIIMHE: B XUPYPIUu (B TOM YHCIIe XHUPYpPrUH riasa,
paspylieHre KaMHel B MMoYKax U T.1.) U Teparnuy pa3IudHbIX 3a001eBaHuii, B Ouonoruu, rae ¢o-
KYCHPOBKA B MaJIO€ ISATHO MO3BOJISIET IEMCTBOBATh HA OTJEbHBIEC KIIETKU WM JIaXK€ HA UX YACTH.

BonbmMHCTBO M3 MEpPEUnCIIeHHBIX BhIIIE 00JacTell MPUMEHEHUS J1a3epOB MPEJICTABIISET CO-
00l caMOCTOSITeTIbHBIE U OOIIMPHBIE pa3/eibl HAYKH WM TEXHUKU M TpeOyeT, eCTECTBEHHO, ca-
MOCTOSITEJIBHOTO paccMoTpeHus. Llenb nmpuBeneHHOro 3/ech KpAaTKOro M HENOJHOrO NEepeyHs
MIPUMEHEHUH JIa3€pOB — NPOUJUIFOCTPUPOBATH TO TPOMAJHOE BIUSHUE, KOTOPOE OKA3aJIO MOsBIIE-
HUE JIa3epOB HA Pa3BUTHE HAYKH U TEXHHUKH, HA )KHU3Hb COBPEMEHHOTO O0IECTRA.

IIpuMeHeHMe J1a3epOB B BOCHHOM JieJie:

K Hacrosimemy BpeMEeHH CII0KUIIUCH OCHOBHBIE HAIIPABJIEHUS, 110 KOTOPHIM UJET BHEAPEHUE
J1a3epHOM TEXHUKHU B BOEHHOE J1€J10. DTUMU HAIIPABJICHUSMH SBJISIFOTCS:

1. Jlazepuas nokarnwst (Ha3eMHasi, 00PTOBasi, TIOJIBOIHAS ).

2. JlazepHas cBs3b.

3. JlazepHble HABUTAIIMOHHBIE CUCTEMBI.
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4. JlazepHoe opyxue.

5. Jlazepusle [TPO u I1IKO, co3naBaemble B paMKax CTpaTeruueckoil 000pOHHON MHUIMATHU-
BBl — COU.

Ceituac NoTy4eHbl TaKue MapaMeTphbl U3JTy4eHUs J1a3epOB, KOTOPbIE CIIOCOOHBI CYIIIECTBEHHO
MIOBBICHTH TAaKTUKO-TEXHUYECKHE TaHHBIE PA3IMYHBIX 00pa3I[0B BOCHHOHU anmapaTypsl (CTaOuIIb-
HOCTB 4acToThl mopsaaka 107%, mukosas Mommocts 1072 BT, MOIIHOCTb HENPEPHIBHOTO H3ITyde-
aust 10° Br, yriooii pactop syga 10 pag, t=10"%c,... =0,2...20 Mxm.

3akiroueHune

3a nocnenHee BpeMs B Poccun u 3a py6esxoM ObLIIM MPOBEACHBI OOIIMPHbIE UCCIEIOBAHNUS B
00J1acTH KBaHTOBOH AIIEKTPOHHUKH, CO3JaHBl Pa3HOOOPA3HbBIE JIa3ephl, a TaKkKe MPUOOPHI, OCHO-
BaHHbIE HAa UX UCIOJIb30BaHUU. JIa3eprl Tenepb NPUMEHSIOTCA B JIOKALMU U B CBA3H, B KOCMOCE U
Ha 3eMJIe, B MEJIULMHE U CTPOUTEIICTBE, B BBIYMCIUTEIBHON TEXHUKE W IPOMBIIUICHHOCTH, B
BOCHHOM TexHMKe. [10sBMI0OCH HOBOE HAyYHOE HalpaBieHUE — royiorpadus, CTaHOBICHHUE U pa3-
BUTHE KOTOPOM TaKKe HEMBICIIUMO 0€3 J1a3epoB.

OnHako OrpaHUYeHHBIH 00beM 3TON paboThl HE MO3BOJIMII OTMETUTh TAKOW Ba)KHBIA aCIEKT
KBAaHTOBOH DJIEKTPOHMKH, KaK JIA3EPHBIM TEPMOSACPHBIN CHHTE3, 00 MCIIOJIB30BaHUH JIA3EPHOTO
W3IIy4EHUs I MOIY4YEHHs] TEPMOSIIEPHON IIIa3Mbl, YCTOMYMBOCTb CBETOBOrO cxkatus. He pac-
CMOTpPEHBI TAKHE BAKHBIC ACIEKTHI, KAK JA3€pHOE Pa3JeiIeHUE U30TOIIOB, JA3€pHOE IOIyYEHUE
YHUCTHIX BELECTB, JJa3€pHasi XUMUS U MHOTO€ JPYyTO€.

ME1 eme He 3HaeM, a BAPYT MOKET IIPOU30UTH Hay4Has «PEBOJIOLMS» B MUPE, OCHOBAHHAS
Ha CETOAHSIIHUX JTOCTHKEHUSX JIa36pHON TeXHUKU. BriosiHe BO3MOXKHO, 4TO JIeT yepe3 50 nenct-
BUTEIILHOCTh OKXETCs TOpa3io Ooraue Hamew (haHTa3uw. . .

Moxet ObITh, IEPEeMECTHBILUCH B «MallliHE BpeMeHu» Ha 50 jieT Brepe, Mbl YBUAUM MHUP,
3aTaMBUIMICS MO IIPULEJIOM JIa3epOoB. MOLIHBIE J1a3ephl, HALICINUBIIAECS U3 YKPBITUN Ha KOCMU-
YyecKMe anmnaparbl U ciyTHUKU. CrenuanbHble 3epKajla Ha OKOJIO3€MHBIX OpOMTax MpUTOTOBU-
JIMCh OTPa3UTh B HY>KHOM HarpaBJICeHUU OECIOIIAIHBIN JIa3ePHBIA JTy4, HAIPABUTh €r0 Ha HYX-
HY!0 Lieb. Ha orpoMHO# BbICOTE 3aBHCIIM MOIHBIE FaMMa-J1a3ephbl, U3Iy4eHUEe KOTOPhIX CIIOCO0-
HO B CUMTAHHbIE CEKYH/bl YHUUTOXXUTh BCE )KMBOE B JTI0O0M Topoje Ha 3emie. M Herne yKpbITb-
Cs1 OT IPO3HOIO JA3EPHOIO JIy4a — Pa3Be UTO CHPATATHCA B TITyOOKHX MOA3EMHBIX YOSKHUIIAX.

Ho 1o Bce danTasuu. Bee 3To 3aBUCHT OT HAcC, OT HAIIUX JEHCTBHUI CErojHs, OT TOTO, Ha-
CKOJIBKO aKTHBHO BCE Mbl Oy/J€T OTHOCUTBCS K JOCTHKEHHSIM HAIIEero payma IpaBWJIbHO U Ha-
NPaBJIATh HAIIM PELICHUS B IOCTOMHOE PYCII0 3TOM HEOOBITHOM «peKn», UMsI KOTOPOH — J1asep.
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MNPUMEP UCIIOJIb30OBAHUA MYJbTUMEJIUMHON TEXHUKH
B OBYYEHUU ®U3UKHN

Paccmampusaromes memoovl UCRONb308AHUS MYTbMUMEOUHOU MEXHUKU Npu obyyeHuu Qusuxe.
Jlaémces oyenka ux 8o3modicHocmet u 3¢exmusHocmu, npusedensv npuMepbl RPOBUOEHUS TeKYUll 8 Uoe
npeseHmayui.

CrpeMuTtenbHOe pa3BUTHE MH(OPMAILMOHHBIX M KOMMYHMKALIMOHHBIX TEXHOJIOTUH MPHUBO-
JUT K 3HAYUTENIBHOM nepecTpoiike nH(POPMATUKU CPEIU COBPEMEHHOTO OOIIEeCcTBa, MpecTaBIie-
HUIO B cpepe 000pYyAOBaHMS U Pa3BUTHS HOBBIX MEAArOIMYECKUX TEXHOJOTHM, OCHOBaHHBIX Ha
peanu3anuy Bo3MOXHOCTeH. VH(pOopMaMOHHbIE TEXHOJOTUH MO3BOJISIOT MPOTHO3UPOBATh pa3-
pabOTKy M IPUMEHEHHUE MTPOrPaMMHO-METOIMYECKUX CPEJCTB HHPOPMALMOHHOIO B3aUMOJIEHCT-
BUSI, OPUEHTHPOBAHHBIX HA BHIMOJIHEHHE Pa3HOOOPA3HBIX BUAAX YUeOHOH aesTenpHocTH [1].

Hcnonb30BaHne MHTEPAKTUBHBIX TEXHOJIOTMI U METOJIOB aKTUBU3HUPYET MPOLECC YCBOCHUS
MH(POPMALIMK, TOBBILIACT HHTEPEC CTYIEHTOB K H3y4yaeMOM IUCHUIUIMHE U 3((EeKTUBHOCTh
y4eOHOT0 mpoliecca, MO3BOJSET TOCTHYb OOJIBIIET0 MOHUMaHUS yueOHOro Marepuana [2].

Jlexuust — 370 oz1Ha U3 (HOPM OpraHMU3aLuu 00yYeHUs, B YCIOBHIX KOTOPOW MpenojaBareib
CHCTEMHO M IOCJE0BATEIbHO IPEUMYILECTBEHHO MOHOJIOTHUECKU HU3JIaraeT U 0ObsACHSET y4eO-
HBI MaTepual Mo LENOoN TeME, a ydalluecs CIyIIarT U 3allUChIBAIOT COACPKAHUE JICKLIHUH, a B
OTJEJIbHBIX CUTYalLUsAX U 3a/1al0T BOIIPOCHI, HA KOTOPbIE NIPENoAaBaTeb OTBeYaeT [3].

MynbTUMEIUIHBIE JIEKIIMK MO3BOJISAIOT HAIVIAJHO U MHTEPECHO JOHECTH MaTepual 10 CTy-
JIEHTOB, aKTUBU3UPOBATh padOTy CTYAECHTOB Ha JIEKUUU. ABTOp MpeiroaaraeT IOMeCTUTh Kpat-
KM KOHCIIEKT JIEKIIMI Ha caiite VIHTepHeTa, KOTOpbIE CTYIEHT MOKET pacloiararb U MCIOJb30-
BaTh Ha 3aHATHH. HeoOXoauM KOMIUIEKCHBIN MOJIX0A K UCIOIb30BaHNUI0 HH()OPMAITMOHHBIX TEeX-
HOJIOTHH C LIEJIbI0 YCKOPEHHsI BHEAPEHHsS] WHTEPHET-TEXHOJOTHM B 00pa30BaTeNbHBIA MPOLECcC
Ui (POPMUPOBAHUSA CHIEIIMATMCTOB HOBOI'O MH(POPMALIMOHHOTO 0o011ecTBa [4].

«IIemarornueckass TEXHOJIIOTHA — 3TO CHUCTEMATHYECKOE M IOCIEN0BATENbHOE BOIUIOLICHHE
Ha IMPAKTHUKE 3apaHee CHPOEKTHMPOBAHHOIO Ipolecca oOydeHHs, a Takke cucreMa crocoOOB U
CPEACTB JOCTIKCHHMS LIeJIeH W YCIIOBUN YNpaBJIEHUs 3THM Iporeccom» [5]. Cnenuduka negaro-
IMYECKON TEXHOJIOTHH COCTOUT B TOM, YTO ITIOCTPOCHHBIN HA €€ OCHOBE NE€JarOrMYECKUN IIPOLECC
JIOJIKEH TapaHTUPOBATh JOCTUKEHUE MOCTaBJICHHbIX Lieneil. [Ipu3Hakamu nenaroruueckoi Tex-
Hosioruu o H.H. I'peGentok sBinsoTcs:

e IIEJICNIOJIaraHHUE;

¢ IIPOEKTUPOBAHUE MEIArOrMUYECKOI0 MIPOLECCa;

¢ HAJIMYKME JUATHOCTUYECKUX CPENCTB M yCIOBUM, FrapaHTUPYIOLIUX AOCTHKEHUE TI€1aroru-
YECKHUX IICJICH;

¢ CpEeICTBa aHAJIM3a IPOLECCA U PE3YJIbTATOB AEATEIBHOCTH YUUTENSA U yUallluXcsl.

JIroOast nmegaroruyeckas TEXHOJIOTUS JIOJDKHA YIOBJIETBOPATh PSAAY METOJOJOTMYECKUX Tpe-
OOBaHMI: KOHUENTYaJIbHOCTH, BOCIIPOM3BOJAUMOCTH, CUCTEMHOCTH, YIIPABIsEMOCTH, 3((HEeKTUB-
HOCTH.

[TpuHIIMIaMK TI€IATOTHYECKOW TEXHOJIOTHH SIBIISIIOTCS: IIETIOCTHOCTh, (PyHIaMEHTaIbHOCTD,
KyJbTYPOCOOOPa3HOCTh, T'yMaHU3alusl 00yUYeHUs, A€ITEIbHOCTHBIM MOAX0, HEMPEPHIBHOCTH 00-
pazoBanusi. CyObEKTOM MeJaroruueckoil TEXHOJIOTUH SBIISETCS YUCHUK.
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Ha 3ansaTusax mo ¢pusnke UCHOIb3YIOTCS MMEeJarornueckue TEXHOJIOTHH: TIOAJIEMEHTHO U TOJI-
HOCTBIO: MH()OPMAIIMOHHO-KOMMYHHKAIIMOHHBIE TEXHOJIOTHH, TPOOIeMHOEe 00y4YeHHE, UTPOBBIE
TEXHOJIOTUH, TEXHOJOTHH OIOPHBIX CXEM, METOJ MPOEKTOB, AU(QepeHInpPOBaHHBIN MOAXO0I K
00y4eHHUI0, 3I0pOBbECcOEpEraroIne TEXHOIOTHH U Ap. [6].

NudopmanioHHble TEXHOJIOTUHU TMOBBIMIAIOT HHPOPMATUBHOCTH 3aHATHH, 3(P(EKTUBHOCTH
0o0y4eHHUs, TPUIAIOT 3aHATUAM TUHAMHU3M U BBIPAa3UTEIbHOCTh. biarogaps MCnoib30BaHUIO WH-
(GbopMaIlMOHHBIX TEXHOJOTUN Ha 3aHATUSX MOXKHO MOKa3bIBaTh (hparMeHThl BUACO(DUIHLMOB, pel-
kue Qororpaduu, rpaduku, GopMyIbl, aHUMAIUIO W3YYaeMbIX MPOIIECCOB M SIBJICHHH, padoTy
TEXHUYECKUX YCTPOUCTB M HKCIEPUMEHTAIBHBIX YCTAaHOBOK, IOCIyLIaTh MY3bIKy U peub, 00pa-
TUTHCS K WHTEPAKTHUBHBIM JICKIHAM. KOMIBIOTEPHBIE MOJENN JIETKO BIUCHIBAIOTCS B TPAIHIIN-
OHHOE 3aHSTHE W TO3BOJIAIOT OPTaHM30BBIBATH HOBBIE BHIIBI yUEOHOU AesTenbHOCTH. [ camo-
CTOSITEJIFHOTO PELICHUs B KJIacCe WM JIOMA 3a/lauyM MpPeIaraioT 3aJaHus, NPaBHUILHOCTh pellie-
HUSI KOTOPBIX OHU CMOTYT IPOBEPHUTbH, IMOCTABUB KOMIIBIOTEPHbIE IKCHEpUMEHTHL. CaMocCTos-
TeJbHAsl MPOBEpPKA MOJYyUYEHHBIX PEe3yJbTaTOB MPU IMOMOIIM KOMIBIOTEPHOIO JKCIEPUMEHTA
YCHJIMBAET MO3HABATENBHBIN HHTEPEC YUaIINXCs, AeTaeT uX paboTy TBOPUYECKOIL, a B psAJIe CiIyda-
eB MpUOIMXKaeT e€ Mo XxapakTepy K HaydHOMY HcclieioBaHuI0. B pesynbpTaTe Ha aTare 3akperie-
HUS 3HAHWM MHOTHE ydalyecs HAYMHAIOT IPUIyMbIBaTh CBOM 3aJ]au, pelIaTh UX, a 3aTeM Ipo-
BEPATH NPABUIBLHOCTh CBOMX PACCYKJIEHUH, UCTIONB3YsI KOMITBIOTED.

Ceroans noz mpobaeMHBIM 00pa30BaHUEM MOHUMAETCSI TaKas OpraHU3alys 3aHSATHA, KOTO-
pasi mpezronaraeT Co3AaHue MoJ PyKOBOJICTBOM yUUTENsl MPOOJIEMHBIX CUTYalluid M aKTUBHYIO
CaMOCTOSITENIbHYIO JIETEIbHOCTh YUAIUXCs M0 UX Pa3pelleHHI0, B Pe3yJIbTaTe Yero MPOUCXOIUT
OBJIA/ICHUE 3HAHUSAMHU, YMEHUSIMH, HAaBBIKAMU U PAa3BUTUE MBICIUTEILHON JesITeIbHOCTH. DU3HKa
B 9TOM IUJIaHE JaeT IIMPOKHE BO3MOXKHOCTHU. [IpakTHuecku kaxaoe 3aHsATHE MO (PU3UKHU — MPO-
O6nemMHbIi ypok. Mcnonp30BaHue 371eMEHTOB MPOOIEMHOT0 00y4YeHHsI MMO3BOJISIET CO3/aTh Ha 3a-
HSTUU YCIIOBUS JUISI TBOPUYECKOM MBICIUTENBHOU paboThl yuamuxcs. [Ipodiemuoe obydyeHue Bbi-
CTyIaeT KaK OJIHa U3 BaKHEHMIINX MeIarornueckiux TeXHOJIOruil, 00ecreunBaomux BO3HUKHOBE-
HUE MOTHUBAIIMOHHOTO KOMIIOHEHTa y4eOHO-II03HABaTEeIbHON KOMMETEHIIUN yYalluXcsl Ha 3aHs-
TUsIX 10 (pusuku. Ilpy MCTIONB30BaHNM JAaHHON TEXHOJIOTUH PEAIM3YIOTCS MPUHLIUI KOPPEKIUU
3HAaHUM W MX YpOBHEBOW auddepeHnnanuu, 9ro JaeT BO3MOXKHOCTh yYaIlIUMCSl YCBAauBaTh HE
TOJILKO CTaHAapT 00pa30BaHUs, HO U MPOJIBUTATHCS Ha O0JIee BEICOKUI YPOBEHD.

[Tpumepb! UCTIONB30BaHMS WILTIOCTPALMNA B IPE3EHTALUU pa3iesioB Gu3ukH (puc. 1-4).
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Puc. 3. YcranoBka mis uzydenus Goroaddexra Puc. 4. MarauTHOE 110JIe COJICHOMAA

Bruttouasice B yueOHbIH nporiecc, I/ie UCHOIb3YIOTCS MYJIbTUMEIUHHBIC TEXHOJIOTHH, TAKUM
00pa3oM, 00yJaroIUiics CTAHOBUTCS CyOBEKTOM KOMMYHHKATHBHOTO OOIIEHHS C TpernogaBare-
JIeM, 4TO Pa3BUBAET CAMOCTOATEIBHOCTb U TBOPUYECTBO B €0 yUEOHOH e TETbHOCTH.

Hcnonb3oBanue MyJIbTUMEIUHHBIX CPEACTB OOYUYCHHS MPEAOCTABISECT HOBbIE YHUKAJIbHBIC
BO3MOYKHOCTH Pa3BUTHS YMEHUH M HAaBBIKOB, yJyUIICHUS KadyecTBa OOpa30BaHUs, MOBBIIICHUE
HarJsIIHOCTH M3Y4aeMOro MaTepualia, MOBBIIIEHHE CKOPOCTH BOCHPUATHS MH(POpPMALUU, YBEIH-
YeHHe TIyOMHbBI YCBOCHUS HOBBIX 3HAHUH, aKTMBU3ALIMIO KPEATUBHOTO MOJIX0Aa K 00yUEHHIO.
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V]IK 537.533.3

0O.U. XpamioBa
Hayunsriit pykoBogutens — JI.M. SIkoBeHko, kauj. ¢pu3.-Mat. HayK, JOLEHT
OI'bOY BO «/lansprioBTY3», BiaguBocTtok, Poccust

OIIPEJAEJIEHME YJIEJBHOI'O 3APAJA 9JIEKTPOHA METOAOM MATI'HETPOHA

U3yueno osusicenue s1ekmpoHa 8 1eKMpudeckom U MAHUMHOM NOJISX U OnpedeieH YOelbHblll 3apsao
INEKMPOHA C NOMOWBIO MACHEMPOHA.

N3yuuth IBMKEHHE 3apsSKEHHBIX YaCTHUIl B AJIEKTPUUYECKOM UM MarHUTHOM mosisix. Onpene-
JIUTH YAEJbHBIN 3aps]l 3JIEKTPOHA C TIOMOIIbIO MarHeTPOHa.

SIBneHus 3EKTPOHHOU SMUCCHH U pa3psijia B ra3e MO3BOJISIIOT MOJIy4YaTh OTOKH 3JIEKTPOHOB
U MOHOB, JABIDKYIIMXCS B BaKyyMe MPaKTUUYeCKH 0e3 coyaapeHus. DIEeKTPUUEeCKHe U MarHUTHbBIE
OJIsI, BO3/ICMCTBYS Ha JABMXKYILIUECS 3apsKEHHbIC YaCTHUIbI, U3MEHSIOT UX CKOPOCTh M TPAEKTO-

puto [1]. B amekTpuueckoM moJie HampsHKEHHOCTHIO £ Ha 4YacTuily, oOJsajnaronnyto 3apsaom (O,
JICUCTBYET CUja

F, =0E. (1)
B MarHuTHOM 10JI€ Ha JIBMXKYIIYIOCS 3apsDKEHHYIO YacTully AeicTByeT cuia Jlopenna
F, = oliB]. @)
rac \_/. — CKOpOCTL JABHXXCHUA 4aCTHUILBI, E — BCKTOp MaFHHTHOﬁ I/IHIIYKI_[I/II/I.

ypaBHeHI/Ie ABOKCHUSA YaCTHUIbI B IPOCTPAHCTBE, I'IC UMCIOTCA U 3JICKTPUYCCKOC U MAarHuT-
HOC I10JIs, COTJIaCHO BTOPOMY 3aKOHY Hrrorona nmeer CJIC,ZLYIOH_II/Iﬁ BU:

%:%(ﬁn[vé]). 3)

9T0 YPaBHCHHUE IIOKA3bIBACT, YTO JABHIKCHHC 3a-

Qi PSYKEHHOM YaCTHULBI B CHJIOBBIX IOJSX 3aBHCHUT OT OT-

L7~ HOILICHUS g, KOTOPOE HA3bIBAETCS YAECILHBIM 3aps-
Y m

i 1S~ JIOM JAHHOM YaCTHIIBI.

/’r‘};x A CrenoBaTebHO, W3y4Yas [BH)KCHHE Pa3IMIHBIX

3apsAKCHHBIX 4YaCTHLl B JJICKTPUYCCKOM H MAarHUuTHOM
MMOJIsIX, MOXXHO OIIPCACIIMTDH y,[IGJIBHLIﬁ 3apsa 4aCTUILbL

" A Y TEM CaMbIM IOIYYUTh CBEICHUSA O IPUPOAE YACTHII.
‘@ B nannoii paborte s omnpeneneHus yAeabHOro
£

3apsa JIEKTPOHA UCIIOIB3YT METOL MAarHETPOHA.
Mazcnempon — 3T0 IBYX3JIEKTPOJHAS JJIEKTPOHHAS
Puc. 1. IByxa5eKTpoaHas 3JIEKTPOHHAS
nammna (auox): K — xarox; A — aHox;

jJamra (IMoMa), B KOTOPOM YIMpaBlieHHE TOKOM OCYIIe-
CTBJISIETCSI BHEIIHMM MATHUTHBIM IIOJIEM. OTO IIOJE

B — cunoBrie nuHUN HWHAYKIUH
MAar"duTHOTO ITIO0JIA, E — cunmoBsie muHIN

CO3/IaeTCsl COJICHOMJIOM, BHYTPH KOTOPOTO PacCIoJIo-
HaIMpsKEHHOCTHU SJICKTPUYICCKOTO I10JIA

’keHa nammna. HakanuBaeMbIil KaTOJ U XOJOAHBIA aHOM
JaMIIbl UMEIOT (POPMYy KOAKCHAIIBHBIX (COOCHBIX) ITH-
JIUHAPOB (puc. 1).
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DJEeKTPOH, YCKOPEHHBIH Pa3HOCTHIO MOTEHIMAJIOB {J, NpUOOpEeTaeT KMHETUYECKYIO HEep-

2
TUIO MV / 2 =eU, n uMeer CKopoCTb

v=42U,e/m. 4)

B OTCYTCTBUH MAaruvuTHOTI'O IOJIA 3JICKTPOHDbI, SMUTHPOBAHHBIC KAaTOJAOM, JIBUKYTCA 110 neﬁ-
CTBHUEM JBJICKTPUUCCKOTO IOJIA HaHpiDKéHHOCTI)IO E HpﬂMOJ’IHHGfIHO B paJuaJIbHBIX HAITPaBJICHH-
ax. [Ipu 3TOM B aHOJHOM IEMM MPOTEKAET TOK, BEIMYMHA KOTOPOTO 3aBHCHUT OT aHOJHOTO Ha-
NpsKEeHUs M TOKa Hakana katona. [Ipu moMelneHuy JaMIlbl B MATHUTHOE TI0Jle MHAYKIUEH B Ha
JBIKYIUECS 3JIEKTPOHBI AelcTByeT cwia Jlopenua. Cuia JlopeHna nepneHauKyJspHa JUHUAM
MarHUTHONW MHAYKLIMU B, T.e. IGKUT B OJHOM IJIOCKOCTH ¢ BEKTOPOM CKOPOCTH SJIEKTPOHA V ,
MEPICHIUKYISIPHA €My M COOOIIAeT YacTUlle IIEHTPOCTPpEMUTENbHOE ycKopeHue. CoriacHo BTO-
pomy 3akoHy HeroToHa

= ~ 2
F,=ma,,torna evB=mv"/R.

Takum 00pa3om, 3JIEKTPOH B MarHeTpoHe OyJeT IBUTaThCs MO OKPY)KHOCTH, PaJlyc KOTO-
poit paBeH

R=mv/eB. (5)

W3 dpopmyibl BUAHO, UTO painyC TPAEKTOPUU SJIEKTPOHA YMEHbBILAETCS C POCTOM HHIYKLUUU
MarHuTHOro nosist. Ha puc. 2 nokazaHo u3MeHEHUE TPACKTOPUH ABUKEHUS SJIEKTPOHA B LIWJIUH/I-
pPUYECKOM MarHeTpoHe M0 Mepe YBEINYEHUs MarHUTHON MHIYKIUH.

CICICIO

B=0 B<B,, B=B_ B>B,
j'll.

==
\

L J

W
Puc. 2. TpaeKTOpI/ISI JABWKCHUS SJICKTPOHA B MAHUTHOM I10JIC MAarHETPpOHA

Kak BuaHO U3 prc. 2, CyLIeCTBYET TaKOe KPUTHYCCKOE 3HAYCHUE MArHUTHOM MHIYKUUK B, ,

I[P KOTOPOM TPACKTOPHHU BJICKTPOHOB KACAIOTCA IMOBECPXHOCTH aHOJZId, 4 UX paaAnuyC paBCH
R=r/2, (6)

r71e ¥— paJlyc aHoJa.
CornacHo cooTHoIICHUM (4) U (6) 3HAYCHHE KPUTHICCKOrO0 MarHUTHOTO 1Ot B, 3aBHCUT

OT CKOPOCTH JJICKTPOHA XU COOTBCTCTBYIOLICTO 3TOMY IIOJII0O aHOAHOT'O HAITPAKCHUA Ua .

2 2mU,
AT (7)

r e

B

173



OHpeI[eJ'[I/IB KPUTHYCCKOC 3HAYCHNUEC NHAYKIIMU MArHUTHOI'O I10JIA BKp M HCIIOJIb30BaB COOT-

HotieHue (7), MOXKHO pacCUUTaTh yICIbHBIN 3apsi dJIEKTpoHa 10 GopMmyie

U
=__~a 8
(5, ®

SEEN

Paccunrarh MHAYKIMIO MAarHUTHOTO MO B I KOPOTKOTO COJICHOMJA MOYKHO, UCTIOJIb30-
BaB 3ak0oH buo—CaBapa—Jlamnaca. Ha puc. 3 mokaszan pa3pe3 KOPOTKOTO COJICHOWJA JTMHOIO [,
JUaMETp CoJieHOU A d.

WNHayKius MarHuTHOTO MOJIS B IEHTPE KOPOTKOT'O COJICHOU A PAaCCUUTHIBAETCS 10 hopMylie

B = uyIN(cosa, —cosa, )/ 21, ©))

e M, = 471077 T'm/M — MarHuTHas IocTossHHasA, [ —
TOK, TEKyIIMi B OOMOTKE cojieHouaa; N — 4UCII0O BUTKOB
cosleHouaa; [ — [UIMHA COJICHOUA; ¢ U (X, — yTJIbl, IIOKa-
3aHHBIC HA pUC. 3.

W3 puc. 3 BUAHO, UTO COSQY =—COS, = Z/\/12 +d* .

[ToxcraBnsist 3HaUeHUE KOCUHYCOB B popmyny (9), mo-
Jy4aeM KPHUTHYECKYIO BEIIMYWHY MArHUTHOW WHIYKIIUU
COJICHOMIA:

B, =t ,NINIP+d*, (10)

Puc. 3. Conenounn: [ — nmuHa
coJIeHOMa, d — JuaMeTp,
a, U, — YIIbl MEXKIY dJIEMEHTaMU KPUTHYCCKOMY 3HAYCHHUIO MAarHUTHOH HWHAYKIUH B wp

rac [Kp — 3HAYCHHUEC TOKA B COJICHOUAC, COOTBETCTBYIOIICC

TOKA M PACCTOSHUEM 10 TOUKH C yuerom Beipaxkenus (10) pacuernas ¢dopmyna (8)

HAOIIOICHHS, IIPH PACIIOIOKEHNN JUTS OTIPENICNIEHUS] YIICIIBHOTO 3apsAia IIEKTPOHA MPUHUMA-
JlaMIIbl B IEHTPEC COJICHON 1A er CHGI[yIOH_[I/II\/'I BUI;

e _8U, (7 +d?)

.
m NI,

(11)

Jliis onpeneneHust yAeIbHOTO 3apsia 3JIeKTPOHAa METOI0M MarHeTpoHa UCIOJIb3YIOT MUHHO-
70K « MarHeTpon», 3IEKTpUUYECKasi CXeMa KOTOPOro NMpUBEeHa Ha puc. 4.

8

Puc. 4. Dnekrpudeckas cxemMa yCTaHOBKH — MUHHOJIOK «MarHeTpoH»-8: 1 — ICTOYHHUK TIOCTOSTHHOTO
HampspkeHU «+15 By»; 2 — MyIsTUMETp TSI I3MEPEHUS aHOTHOTO ToKa (pekuM A +2mA, Bxoasl COM,
mA); 3 — BakyyMHBIN AHOM; 4 — COICHOUM; 5 — MYJIBTUMETP JUISI U3MEPEHHSI TOKA COJICHON1a
(pexxum A + 200 mA, Bxoast COM, mA); 6 — peryJupyeMblii HCTOYHUK MTOCTOSIHHOTO HaNpPsKEHUS
«0...+15 B»; 7 — nanpspkeHue Hakana karoga U, «+15 By
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MoHTaxkHasi cxeMa MUHHOJI0Ka « MarHeTpoH» MpUBEIcHA HA PHC. 5.

Puc. 5. MoHTa)kHas cxeMa — MUHHOJIOK
«Maruetpon»: 1 — comenonn;
2 — 3NIeKTpOHHAs BaKyyMHasl 1amra (I1om);
3 —aHox; 4 — karto;
5 — HarpeBarenb «-15B»

®
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®
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©
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©
©

©-© ©-© -0 -0 -0 ©
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33823838232

©0-© 00 0 00 ©
) : .
©-© ©-©-0© ©-0-© ©
00000000000

Puc. 6. MoHTa)kHas cXeMa YCTaHOBKH IS OTIPEAeIICHsI YASTBHOTO 3apsiia DIEKTPOHA METOJOM MarHe-

TPOHA: 2 — MyJIBTHMETP JJII U3MEPEHUS aHOAHOTO ToKa (pexuM A +2mA, Bxonsl COM, mA); 5 — MyJIb-

TUMETp I U3MEpeHus Toka coneHona (pexxum A — 200 mA, Bxoasl COM, mA), 8 — muan6iok «Mar-
HETPOH» (pHUC. 4 — DIIEKTPHUECKasl CXeMa MarHeTpOHa)

Korga mMoHTaXHBIN KOMIUIEKC YCTAaHOBWJIM Ha HAOOpHOE ToJie MUHUOIOKa «MarHeTpony,
TIOJTYYHJTH CIICTYIOIINE PE3yJIbTaThI:

[Mapamerpbl maraeTpona d = 37 MM, [ = 36 mm, N = 2800 Butkos, » =3 mm, U, = 15 B

I1,MA 100 110 120 130 140 150 160 170 180 190 200
I,,MA 1,97 1,93 1,88 | 1,.77 | 1,52 1,31 1,24 1,05 0,92 | 0,83
Al , MA 10 10 10 10 10 10 10 10 10 10 10
Al , MA 0,04 | 0,05 0,11 0,25 0,21 0,07 | 0,19 | 0,13 0,09

Al, 0,004 | 0,005 | 0,011 | 0,025 | 0,021 | 0,007 | 0,019 | 0,013 | 0,009

Al

[lo sKkcniepuMEHTaIbHBIM 3aBUCUMOCTSM HallUIM 3HAYEHHE TOKA B COJIEHOUJE, COOTBETCT-
BYIOIll€€ KPUTUUECKOH BETMUMHE MArHUTHONW UHTyKIIUH COJICHOUA.
OKCHEepUMEHTAIBHO U3MEPEHHOE 3HAUCHUE YIEJIBHOTO 3apsiia JIEKTPOHA MOMYUIIN: e/m =

=1,47*%10"" Kn/kr, 4TO XOPOIIO COTIacyeTcs ¢ TaOIMYHBIMU JaHHBIMH.

175




OTtHocuTeNnbHAsI MOTPEUIHOCTh M3MEPEHHUS] COOTBETCTBYET MOTPEIIHOCTH MYJIbTHUMETpa M
paBHa 5,2 %.

0.8 r . . r r r r r -
110 120 130 140 150 160 170 180 190 200

data-1 —=—

Puc. 7. I'padpuik 3aBHCHMOCTH aHOHOTO TOKA OT TOKA B COJICHOMIC

% 0.07]

0.025 4
0.02 1
0.015 4
0.01 4

0.005 4

T

110 120 130 140 150 160 170 180 190 200
MA

Puc. 8. I'paduk 3aBUCMMOCTH N3MEHEHHUS AHOJJHOTO TOKAa K U3MEHEHUIO OT TOKA B COJICHOHU e
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ELECTRICAL CIRCUITS OF ALTERNATING CURRENT

Opportunities for the transmission of electrical energy over long distances were limited before the
production of alternating current. To reduce losses in the electrical network it is necessary to use very
high voltage, which is almost impossible to obtain from the direct current generator. The paper is devoted
to electrical circuits of alternating current, their place in the modern electrical power distribution.

Electricity generation is the process of generating electrical energy from any forms of en-
ergy, exactly from electric potential or kinetic energy. An electrical network as an interconnec-
tion of electrical elements consists of sources (voltage or current), linear lumped elements (resis-
tors, capacitors, inductors), and linear distributed elements (transmission lines). The paper is de-
voted to electrical circuits of alternating current, their place in the modern electrical power distri-
bution.

An electrical circuit is a network (a connection of two or more components) that has a closed
loop, giving a return path for the current. Alternating current (AC) is an electric current , which
periodically reverses direction, in contrast to direct current (DC) which flows only in one direc-
tion, they modify as current or voltage.

Alternating current is the form in which electric power is delivered to businesses and resi-
dences, and it is the form of electrical energy that consumers typically use when they plug
kitchen appliances, televisions, fans and electric lamps into a wall socket. A common source of
DC power is a battery cell in a flashlight. The usual waveform of alternating current in most elec-
tric power circuits is a sine wave. In certain applications, different waveforms are used, such as
triangular or square waves. Audio and radio signals carried on electrical wires are examples of
alternating current. These types of alternating current carry information such as sound (audio) or
images (video) sometimes carried by modulation of an AC carrier signal. These currents typically
alternate at higher frequencies than those used in power transmission.

The first alternator to produce alternating current was a dynamo electric generator based on
Michael Faraday's principles constructed by the French instrument maker Hippolyte Pixii in
1832. Pixii later added a commutator to his device to produce the (then) more commonly used
direct current. The earliest recorded practical application of alternating current is by Guillaume
Duchenne, inventor and developer of electrotherapy. In 1855, he announced that AC was superior
to direct current for electrotherapeutic triggering of muscle contractions. Alternating current
technology had first developed in Europe due to the work of Guillaume Duchenne (1850s), the
Hungarian Ganz Works company (1870s), and in the 1880s: Sebastian Ziani de Ferranti, Lucien
Gaulard, and Galileo Ferraris.

In 1876, Russian engineer Pavel Yablochkov invented a lighting system where sets of induc-
tion coils were installed along a high voltage AC line. Instead of changing voltage, the primary
windings transferred power to the secondary windings which were connected to one or several
‘electric candles' (arc lamps) of his own design, used to keep the failure of one lamp from dis-
abling the entire circuit. In 1878, the Ganz factory, Budapest, Hungary, began manufacturing
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equipment for electric lighting and, by 1883, had installed over fifty systems in Austria-Hungary.
Their AC systems used arc and incandescent lamps, generators, and other equipment [1].

Electrical energy is distributed as alternating current because AC voltage may be increased
or decreased with a transformer. This allows the power to be transmitted through power lines ef-
ficiently at high voltage, which reduces the energy lost as heat due to resistance of the wire, and
transformed to a lower, safer, voltage for use. Use of a higher voltage leads to significantly more
efficient transmission of power. It means that when transmitting a fixed power on a given wire, if
the current is halved (i.e. the voltage is doubled), the power loss will be four times less.

There are the large number of different types of electric circuits of alternating current: sin-
gle-phase and multiphase; linear and nonlinear; with concentrated and distributed parameters;
with mutual inductance and without mutual inductance; simple and complex (multiphase circuits
can be referred to complex ones).

Sinusoidal alternating current has received the widest application in the electric power indus-
try. Generators of all power plants in the world generate an electric current of sinusoidal form.
The change in current in accordance with the sinusoidal law occurs smoothly, without jumps and
sharp changes, which favorably affects the operation of electrical machines and apparatus.

A single-phase electrical circuit of a sinusoidal current is a circuit comprising one or more
alternating current electric power sources having the same frequency and initial phase.

Power transmitted at a higher voltage requires less loss-producing current than for the same
power at a lower voltage. Power is often transmitted at hundreds of kilovolts, and transformed to
100 V — 240 V for domestic use.

High voltage transmission lines deliver power from electric generation plants over long dis-
tances using alternating current. High voltages have disadvantages, such as the increased insula-
tion required, and generally increased difficulty in their safe handling. In a power plant, energy is
generated at a convenient voltage for the design of a generator, and then stepped up to a high
voltage for transmission. Near the loads, the transmission voltage is stepped down to the voltages
used by equipment. Consumer voltages vary somewhat depending on the country and size of
load, but generally motors and lighting are built to use up to a few hundred volts between phases.
The voltage delivered to equipment such as lighting and motor loads is standardized, with an al-
lowable range of voltage over which equipment is expected to operate. Standard power utilization
voltages and percentage tolerance vary in the different mains power systems found in the world.
High-voltage direct current (HVDC) electric power transmission systems have become more vi-
able as technology has provided efficient means of changing the voltage of DC power. Transmis-
sion with high voltage direct current was not feasible in the early days of electric power transmis-
sion, as there was then no economically viable way to step down the voltage of DC for end user
applications such as lighting incandescent bulbs [2].

Three-phase electrical generation is very common [3]. The simplest way is to use three sepa-
rate coils in the generator stator, physically offset by an angle of 120° (one-third of a complete
360° phase) to each other. Three current waveforms are produced that are equal in magnitude and
120° out of phase to each other. If coils are added opposite to these (60° spacing), they generate
the same phases with reverse polarity and so can be simply wired together. In practice, higher
«pole orders» are commonly used. For example, a 12-pole machine would have 36 coils (10°
spacing). The advantage is that lower rotational speeds can be used to generate the same fre-
quency. For example, a 2-pole machine running at 3600 rpm and a 12-pole machine running at
600 rpm produce the same frequency; the lower speed is preferable for larger machines. If the
load on a three-phase system is balanced equally among the phases, no current flows through the
neutral point. Even in the worst-case unbalanced (linear) load, the neutral current will not exceed
the highest of the phase currents. Non-linear loads (e.g. the switch-mode power supplies widely
used) may require an oversized neutral bus and neutral conductor in the upstream distribution
panel to handle harmonics. Harmonics can cause neutral conductor current levels to exceed that
of one or all phase conductors. For three-phase at utilization voltages a four-wire, system is often
used. When stepping down three-phase a transformer with a Delta (3-wire) primary and a Star (4-
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wire, center-earthed) secondary is often used so there is no need for a neutral on the supply side.
For smaller customers (just how small varies by country and age of the installation) only a single
phase and neutral, or two phases and neutral, are taken to the property. For larger installations all
three phases and neutral are taken to the main distribution panel. From the three-phase main
panel, both single and three-phase circuits may lead off. Three-wire single-phase systems, with a
single center-tapped transformer giving two live conductors, is a common distribution scheme for
residential and small commercial buildings. This arrangement is sometimes incorrectly referred to
as «two phase». A similar method is used for a different reason on construction sites. Small
power tools and lighting are supposed to be supplied by a local center-tapped transformer with a
voltage of 55 V between each power conductor and earth. This significantly reduces the risk of
electric shock in the event that one of the live conductors becomes exposed through an equipment
fault whilst still allowing a reasonable voltage of 110 V between the two conductors for running
the tools.

A third wire, called the bond (or earth) wire, is often connected between non-current-
carrying metal enclosures and earth ground. This conductor provides protection from electric
shock due to accidental contact of circuit conductors with the metal chassis of portable appliances
and tools. Bonding all non-current-carrying metal parts into one complete system ensures there is
always a low electrical impedance path to ground sufficient to carry any fault current for as long
as it takes for the system to clear the fault. This low impedance path allows the maximum amount
of fault current, causing the overcurrent protection device (breakers, fuses) to trip or burn out as
quickly as possible, bringing the electrical system to a safe state. All bond wires are bonded to
ground at the main service panel, as is the neutral/identified conductor if present.

The frequency of the electrical system varies by country and sometimes within a country;
most electric power is generated at either 50 or 60 hertz. Some countries have a mixture of 50 Hz
and 60 Hz supplies, notably electricity power transmission in Japan. A low frequency eases the
design of electric motors, particularly for hoisting, crushing and rolling applications, and commu-
tator-type traction motors for applications such as railways. However, low frequency also causes
noticeable flicker in arc lamps and incandescent light bulbs. The use of lower frequencies also
provided the advantage of lower impedance losses, which are proportional to frequency. The
original Niagara Falls generators were built to produce 25 Hz power, as a compromise between
low frequency for traction and heavy induction motors, while still allowing incandescent lighting
to operate (although with noticeable flicker). Most of the 25 Hz residential and commercial cus-
tomers for Niagara Falls power were converted to 60 Hz by the late 1950s, although some 25 Hz
industrial customers still existed as of the start of the 21st century. 16.7 Hz power (formerly
16 2/3 Hz) is still used in some European rail systems, such as in Austria, Germany, Norway,
Sweden and Switzerland.

Offshore, military, textile industry, marine, aircraft, and spacecraft applications sometimes
use 400 Hz, for benefits of reduced weight of apparatus or higher motor speeds. Computer main-
frame systems were often powered by 400 Hz or 415 Hz for benefits of ripple reduction while
using smaller internal AC to DC conversion units. In any case, the input to the M-G set is the lo-
cal customary voltage and frequency, variously 200 V (Japan), 208 V, 240 V (North America),
380 V,400 V or 415 V (Europe), and variously 50 Hz or 60 Hz [4].

A direct current flows uniformly throughout the cross-section of a uniform wire. An alternat-
ing current of any frequency is forced away from the wire's center, toward its outer surface. This
is because the acceleration of an electric charge in an alternating current produces waves of elec-
tromagnetic radiation that cancel the propagation of electricity toward the center of materials with
high conductivity. This phenomenon is called skin effect. At very high frequencies, the current no
longer flows in the wire, but effectively flows on the surface of the wire, within a thickness of a
few skin depths. The skin depth is the thickness at which the current density is reduced by 63%.
Even at relatively low frequencies used for power transmission (50 Hz — 60 Hz), non-uniform
distribution of current still occurs in sufficiently thick conductors. For example, the skin depth of
a copper conductor is approximately 8.57 mm at 60 Hz, so high current conductors are usually
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hollow to reduce their mass and cost. Since the current tends to flow in the periphery of conduc-
tors, the effective cross-section of the conductor is reduced. This increases the effective AC resis-
tance of the conductor, since resistance is inversely proportional to the cross-sectional area. The
AC resistance often is many times higher than the DC resistance, causing a much higher energy
loss due to ohmic heating (also called I2R loss).

For low to medium frequencies, conductors can be divided into stranded wires, each insu-
lated from one another, and the relative positions of individual strands specially arranged within
the conductor bundle. Wire constructed using this technique is called Litz wire. This measure
helps to partially mitigate skin effect by forcing more equal current throughout the total cross sec-
tion of the stranded conductors. Litz wire is used for making high-Q inductors, reducing losses in
flexible conductors carrying very high currents at lower frequencies, and in the windings of de-
vices carrying higher radio frequency current (up to hundreds of kilohertz), such as switch-mode
power supplies and radio frequency transformers.

An alternating current is made of electric charge under periodic acceleration, which causes
radiation of electromagnetic waves. Radiated energy is lost. Depending on the frequency, differ-
ent techniques are used to minimize the loss due to radiation.

At frequencies up to about 1 GHz, pairs of wires are twisted together in a cable, forming a
twisted pair. This reduces losses from electromagnetic radiation and inductive coupling. A
twisted pair must be used with a balanced signaling system, so that the two wires carry equal but
opposite currents. Each wire in a twisted pair radiates a signal, but it is effectively cancelled by
radiation from the other wire, resulting in almost no radiation loss.

Coaxial cables are commonly used at audio frequencies and above for convenience. A coax-
ial cable has a conductive wire inside a conductive tube, separated by a dielectric layer. The cur-
rent flowing on the surface of the inner conductor is equal and opposite to the current flowing on
the inner surface of the outer tube. The electromagnetic field is thus completely contained within
the tube, and (ideally) no energy is lost to radiation or coupling outside the tube. Coaxial cables
have acceptably small losses for frequencies up to about 5 GHz. For microwave frequencies
greater than 5 GHz, the losses (due mainly to the electrical resistance of the central conductor)
become too large, making waveguides a more efficient medium for transmitting energy. Coaxial
cables with an air rather than solid dielectric are preferred as they transmit power with lower loss.

Waveguides are similar to coaxial cables, as both consist of tubes, with the biggest differ-
ence being that the waveguide has no inner conductor. Waveguides can have any arbitrary cross
section, but rectangular cross sections are the most common. Because waveguides do not have an
inner conductor to carry a return current, waveguides cannot deliver energy by means of an elec-
tric current, but rather by means of a guided electromagnetic field. Although surface currents do
flow on the inner walls of the waveguides, those surface currents do not carry power. Power is
carried by the guided electromagnetic fields. The surface currents are set up by the guided elec-
tromagnetic fields and have the effect of keeping the fields inside the waveguide and preventing
leakage of the fields to the space outside the waveguide. Waveguides have dimensions compara-
ble to the wavelength of the alternating current to be transmitted, so they are only feasible at mi-
crowave frequencies. In addition to this mechanical feasibility, electrical resistance of the non-
ideal metals forming the walls of the waveguide cause dissipation of power (surface currents
flowing on loss conductors dissipate power). At higher frequencies, the power lost to this dissipa-
tion becomes unacceptably large [2].

At frequencies greater than 200 GHz, waveguide dimensions become impractically small,
and the ohmic losses in the waveguide walls become large. Instead, fiber optics, which are a form
of dielectric waveguides, can be used. For such frequencies, the concepts of voltages and currents
are no longer used.

Alternating current is used to transmit information, as in the cases of telephone and cable
television. Information signals are carried over a wide range of AC frequencies. POTS telephone
signals have a frequency of about 3 kHz, close to the baseband audio frequency. Cable television
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and other cable-transmitted information currents may alternate at frequencies of tens to thousands
of megahertz. These frequencies are similar to the electromagnetic wave frequencies often used
to transmit the same types of information over the air.

Nowadays, electrical machines and other electrical devices intended for operation in AC cir-
cuits are relatively simple and reliable enough to operate. Electric current, which changes with
time, is a variable. If its instantaneous values and directions are repeated at regular intervals (pe-
riodically), then it is called periodically changing. Electric circuits of periodic alternating current
are classified depending on the shape of the current curve and its frequency, the nature of the pa-
rameters, the complexity of the electrical circuits of substitution, and the purpose.

Thus, alternating current is the backbone of modern electrical power distribution. Alternating
current is used in various areas of electrical engineering (electric drive, electrothermy, telecommu-
nications, radio engineering, etc.), as it is easily transformed and transmitted over long distances at
high voltage with low losses, alternating current is easily converted into DC. The alternator is much
simpler and cheaper than a direct current generator. The economic effect is enormous.
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THERMONUCLEAR FUSION AS A PROSPECTIVE ENERGY SOURCE
The necessity of creation and improvement new sources of cheap and environmentally safe energy is
associated with the expected shortage of energy production, limited fuel resources and ecology. This article

considers one of the most promising innovative sources of energy namely controlled thermonuclear fusion,
the world experience in creating an experimental thermonuclear reactor, the possibility of its using.
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Nowadays strategic decisions are taken all over the world to develop and extract new sources
of cheap and environmentally safe energy. The necessity of creation and improvement such
sources is associated with the expected shortage of energy production, limited fuel resources and
ecology. This article considers one of the most promising innovative sources of energy namely
controlled thermonuclear fusion (CTF), its application ways.

Controlled thermonuclear fusion is the process of fusion of light atomic nuclei, which occurs
with the release of energy at high temperatures in controlled, controlled conditions. In natural
conditions, thermonuclear reactions between hydrogen nuclei take place in the interior of stars.
The combustion of hydrogen in stars is proceeding at low speed, but the giant size and density of
the stars ensure the continuous emission of huge energy flows over billions of years. Deuterium
(*H) and trittum ("H) will be used in the main nuclear reactions that are planned to be used for
controlled thermonuclear fusion. It is well known that atomic nucleus consist of two types of nu-
cleons - protons and neutrons. They are held together by the so-called strong interaction. In this
case, the binding energy of each nucleon with others depends on the total number of nucleons in
the nucleus. In light nuclei with an increase in the number of nucleons, the binding energy in-
creases, while in heavy nuclei it decreases. If you add nucleons to light nuclei or remove nucleons
from heavy atoms, this difference in binding energy will be allocated as the difference between
the cost of the reaction and the kinetic energy of the released particles. The kinetic energy of the
particles goes over into the thermal motion of atoms after the collision of particles with atoms.
Nuclear energy manifests itself in the form of heating [1].

The change in the composition of the nucleus is named a nuclear reaction. A nuclear reaction
with an increase in the number of nucleons in the nucleus is called a thermonuclear reaction or
nuclear fusion. A nuclear reaction with a decrease in the number of nucleons in the nucleus is
considered nuclear decay or nuclear fission.

The protons in the nucleus have an electric charge, and therefore they experience a Coulomb
repulsion. In the nucleus, this repulsion is compensated by the strong interaction holding the nu-
cleons together. However, the strong interaction has a much smaller radius of action than Cou-
lomb repulsion. Therefore, in order to merge two nuclei into one, it is first necessary to bring
them closer, overcoming Coulomb repulsion. Several such methods are known. In the bowels of
the stars are gravitational forces. In accelerators, the kinetic energy of accelerated nuclei or ele-
mentary particles. In thermonuclear reactors and thermonuclear weapons - the energy of thermal
motion of atomic nuclei. The synthesis reaction consists in the following: two or more relatively
light atomic nuclei as a result of the thermal motion approach so close that a short-range strong
interaction, manifested at such distances, begins to predominate over the forces of Coulomb re-
pulsion between equally charged nuclei, resulting in the formation of nuclei of other, heavier
elements. The nucleon system will lose some of its mass, which is equal to the binding energy,
and by the well-known formula E = mc?, when creating a new nucleus, a significant energy of
strong interaction will be released. Atomic nuclei with a small electrical charge are easier to re-
duce to the required distance, so heavy isotopes of hydrogen are the best type of fuel for a con-
trolled synthesis reaction. Controllable thermonuclear fusion is possible if two conditions are ful-
filled simultaneously:

> The collision rate of the nuclei corresponds to the plasma temperature: 7> 10°® K (for the
reaction D-T).

» Compliance with the Lawson criterion: nt > 10" ¢cm s (for the D-T reaction), where n is
the density of the high-temperature plasma, and 1 is the plasma confinement time in the system.

The speed of this or that thermonuclear reaction depends mainly on the value of these two
criteria.

At present, controlled thermonuclear fusion is not yet realized on an industrial scale. The
most difficult task facing the implementation of controlled thermonuclear fusion is to isolate the
plasma from the walls of the reactor. There are two basic schemes for managing the technological
process, the development of which is continuing presently [2]:

1. Quasistationary systems (t = 1s,17 = 10%em™?), in which the heating and plasma con-
finement is carried out by a magnetic field at a relatively low pressure and high temperature. For
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this, reactors are used in the form of tokamak, stellarators (torsatrons), and mirror traps, which
differ in the configuration of the magnetic field. Quasistationary reactors include the ITER reac-
tor, which has a tokamak configuration.

Tokamak (toroidal chamber with magnetic coils) is a toroidal installation for magnetic con-
finement of plasma in order to achieve the conditions necessary for the flow of controlled ther-
monuclear fusion.

2. Pulse systems (¢t~10""s, 5 = 10”7 cen™7). In such systems, controlled thermonuclear fu-
sion is accomplished by short-term heating of small targets containing deuterium and tritium,
high-power laser beams, or beams of high-energy particles (ions, electrons). Such irradiation
causes a sequence of thermonuclear microexplosions.

The first type of thermonuclear reactors is much better developed and studied than the sec-
ond one. In nuclear physics, in studies of thermonuclear fusion, a magnetic trap is used to hold
the plasma in a certain volume-a device that keeps the plasma from contacting the elements of a
thermonuclear reactor [4]. A magnetic trap is used primarily as a heat insulator. The principle of
confinement of a plasma is based on the interaction of charged particles with a magnetic field,
namely, on the spiral rotation of charged particles along the lines of force of the magnetic field.
However, the magnetized plasma is very unstable. Because of collisions, charged particles tend to
leave the magnetic field. Therefore, to create an effective magnetic trap, powerful electromagnets
are used consuming enormous amounts of energy or superconductors are used.

Fusion power would provide more energy than any fuel-consuming energy source currently
in use, and the fuel itself (primarily deuterium) exists abundantly in the Earth's ocean. Despite
being technically non-renewable, fusion power (like fission power using breeder reactors and re-
processing) has many of the benefits of renewable energy sources (such as being a long-term en-
ergy supply and emitting no greenhouse gases or air pollution) as well as some of the benefits of
the resource-limited energy sources as hydrocarbons and nuclear fission (without reprocessing).

Like these currently dominant energy sources, fusion could provide very high power-
generation density and uninterrupted power delivery (because it is not dependent on the weather,
unlike wind and solar power). Another aspect of fusion energy is that the cost of production does
not suffer from diseconomies of scale. The cost of water and wind energy, for example, goes up
as the optimal locations are developed first, while further generators must be sited in less ideal
conditions [3]. With fusion energy, the production cost will not increase much even if large num-
bers of stations are built, because the raw resource (seawater) is abundant and widespread. Fusion
could still become competitive if large-scale desalination requires more power than the alterna-
tives are able to provide.

Thus, thermonuclear fusion is very promising in providing energy and environmental safety
in obtaining electrical energy. As a source of power, nuclear fusion has several theoretical advan-
tages over fission. These advantages include reduced radioactivity in operation and as waste, am-
ple fuel supplies, and increased safety. The effect of the commercialization of fusion power on
the future of human civilization is being considered. The first commercial nuclear fusion energy
reactor will be envisioned to bring online by 2050. As Artsimovich L.A. said in 1961: «Con-
trolled thermonuclear energy will be obtained when it becomes necessary for mankind» [1].
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ELECTRICAL MACHINES

Humanity does not imagine its life without electricity, since it facilitates our life. Since ancient times,
people have come up with various mechanisms and adaptations that could make life easier. The more a
person invented, the more necessities arose. When people took possession of mechanical devices and
learned how to use them, electric machines were created for the energy transformation. Now, electrical
machines are indispensable and widely used in electrical engineering. This article describes the electric
machines, their classifications and the action principle.

The principle of conversion made electric cars very popular; they are used for the operation
of simple and complex mechanisms. In everyday life and industry, these machines are simply ir-
replaceable; they are constantly being modernized and improved. When inventing innovations,
their cost is reduced, and quality indicators are raised, so these machines are becoming more ac-
cessible to consumers.

An electric machine is an electromechanical device designed to convert either mechanical
energy into an electrical (electric generator) or electric energy into a mechanical (electric motor).

The principle of operation of electric machines is based on the laws of electrical and mag-
netic phenomena: the law of electromagnetic induction and the law of Ampere.

The essence of the law of electromagnetic induction applied to an electric machine is that
when a conductor moves in a magnetic field with a velocity v in a direction perpendicular to the
vector of magnetic induction B, it emits E

E=B*L*V,

Induced Voltage in Rotating
Conductors

Consider a loop of conductor rotating in a magnetic flux

Conductor loop
No induction .
here. | || to B ¢e=B-1-v-sin(6)

s
”. = e = induced voltage
B = flux density

b | = conductor | in field
& 0 = angle between B

# and v (B reference)

e = v = conductor velocity
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where 1 is the active length of the conductor, i.e. part of its total length, located in a magnetic
field. If the conductor is closed, an electric current I appears in this conductor. Because of the in-
teraction of this current with an external magnetic field, an electromagnetic force will act on the
conductor, which is determined by ampere's law.

F,y=B*L*I

'F%B
iWT

Classification of electrical machines

1. Electromachine amplifiers are electrical machines used to
amplify the power of electrical signals

2. Synchronous expansion joints are electrical machines used
to increase the power factor of electricity consumers

3. Induction regulators are electrical machines used to regulate
the AC voltage

4. Tachogenerators are electrical machines used to convert the
speed of rotation into an electrical signal

5. Selsyns are electrical machines that serve to generate elec-
trical signals proportional to the angle of rotation of the shaft.

6. Brushless machines are AC machines — asynchronous and 6.1. Asynchronous machines are used
synchronous primarily as engines

6.2.Synchronous machines are used as
engines and generators

7. Collector machines are mainly used for working on direct
current as generators or motors

Basic concepts of importance for electrical machines

* Reliability is the property of the timesaving object in different limits, characterizing the
ability to perform the required functions in specified modes and in the conditions of application,
maintenance, repairs, storage and transportation.

* Reliability is a property of an object that maintains an operational state for a certain time or
session.

* Durability - this property of the object, providing an operable state when the limit state is
reached in the condition of the maintenance and repair system.

» Maintainability is the property of the facility, which consists in being adapted to the pre-
vention and detection of the causes of failures, damages and maintaining and restoring the oper-
able condition by performing maintenance and repairs.

* Receptivity is the property of an object to preserve the values of indicators of non-failure,
durability and maintainability during and after storage and transportation.

* Failure is an event consisting in the violation of the operative state of the object, that is, in
the transition to an inoperative state.

One of the main reasons for the failure of synchronous machines is factory defects.

The frontal parts of the windings of large electric machines are most endangered during tran-
sient processes. Large shock currents can cause tearing of the shrouds, deformation of parts of the
winding, the appearance of cracks and dents in the insulation. During the operation of synchronous
generators, breakdowns of insulation are also noted due to the ingress of oil and moisture into it.
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» Among the damages of active steel, the easiest are the weakening of the pressing, the loos-
ening of the core of the steel under the influence of vibrational and magnetic forces, the damage
of the insulating film on the surface of the sheets.

* On the moving parts of the machine, frequent damage is observed on the bandages; these
damages are caused by the action of centrifugal forces, deformations of the shaft and the efforts
of hot landings on the shaft.

* Under the influence of temperature, the winding of the rotor moves, the deformation of the
winding conductors. It is also possible to block the cooling channels and reduce the insulation
resistance when moisture, oil and dust enter the winding.

*To ensure the reliability of large synchronous machines, much attention is paid to the con-
tact-brush system and pathogens. The number of failures of pathogens sometimes exceeds the
number of failures of the rotor and stator windings.

The main causes of failure of DC machines

* Data on the causes of failure during the operation of DC electric machines show that most
accidents are caused by the fault of the maintenance personnel, which does not always provide
the necessary care and quality performance of current repairs.

* Constructional shortcomings. Thus, in the case of rolling mill motors, the main failures are
caused by damage to the collector, which is caused by unfavorable commutation during regular
short-time overloads.

» The most frequent damage to the causative agents of synchronous generators is the damage
to the armature winding bands, the disturbance of the soldering of the males and the wear of the
collector. At the same time, reliability of the collector-brush assembly largely depends on the ex-
citer's power.

*In traction engines, one of the frequent causes of failure in operation is the occurrence of
circular fire on the manifold. This is due to operating conditions (skidding of wheel sets), poor
quality of rectified supply voltage, increased shock and vibration loads.

* Damage to the windings of the DC armature is manifested in the breakdown of the case in-
sulation between the anchor steel package and the winding and the breakdown of insulation be-
tween the turns.

In large DC machines, they manifest themselves in the breakdown of the case insulation be-
tween the anchor steel package and the winding and the breakdown of the insulation between
the turns.

* Failures of mechanical components of DC machines are determined by the state of the shaft
necks and the rolling and sliding bearings. Damage to the plain bearings and shaft necks is ex-
pressed as the wear of the liners in the bearing housings, the leakage of the grease from the bear-
ings at their malfunctions, disruption of lubricating rings in bearings.

The main causes of failure of induction motors

* Unsatisfactory operation.

* Imperfect protection or lack thereof (when motors are protected with fuses, the motors are
refused due to operation in two phases).

* Inconsistency in the design of engines to operating conditions.

* Incorrect engine selection by power.

*Low-quality manufacturing, failures through the fault of the manufacturing plants.

The procedure for identifying hidden defects in equipment is described here.

* Uneven air gap, which causes the rotor to touch the stator of the machine. This may be be-
cause the technological process and the state of the equipment do not provide the required proc-
essing of the stands, bearing units and rotor packages.

The unevenness of the air gap can also be caused by the deflection of the shaft with its insuf-
ficient rigidity.

* Low quality insulation of winding wires and impregnating lacquers.
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Imperfect technological processes, poor-quality impregnation, winding and stator winding in
the grooves of the windings often cause premature failure of windings.

* Failures of electric motors due to damage of windings - 85-95%.

An example is a break in the windings of an electric motor.

* Failures of electric motors due to bearing damage - 2-5%.

For faults in the bearings of electric machines, read here.

* The main faults of the windings are due to inter-turn faults - 93%.

Thus, electric machines are now used in all fields of human activity: in the production of
electricity and in industry, in transport and in agriculture, in defense and space technology, in sci-
entific and household appliances, in hand tools and toys. The history of electrical mechanics is
about two centuries, beginning with the creation and development of DC machines, which pre-
vailed in the 1920s in XX century. After that, machines of alternating current occupied the domi-
nant position. Now electric machines are the main sources and consumers of electricity.
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THERMOACOUSTIC REFRIGERATION

Thermoacoustic refrigeration is considered a new technology, attaining cooling without the need for
refrigerants. The technique has the potential for high-efficiency operation without the need for cooling
liquids or mechanical moving parts. These factors make the concept amenable to miniaturization to chip-
scale dimensions for thermal management of electronic components.
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Thermoacoustic Refrigeration, Garrett and Hofler (1992) pointed out that two recent events
are responsible for the new era in refrigeration before the beginning of the twenty-first century.

The most significant of these is the international agreement (signing of the Montreal Proto-
col) on the production and consumption of chlorofluorocarbons (CFCs), which were found to be
causing the depletion of the stratospheric ozone layer. The second event was the discovery of
“high-temperature” superconductors and the development of high-speed and high-density elec-
tronic circuits, which require active cooling and hence a new approach to refrigeration, or ther-
moacoustic refrigeration, which was first discovered by Wheatley et al. (1993) in August 1983.
The simplicity of the hardware involved in thermoacoustic machines is best appreciated by exam-
ining a concrete example.

In the mid-1990s, S.L. Garrett and his colleagues at the Naval Postgraduate School in Mon-
terey, California, developed two thermoacoustic refrigerators for the Space Shuttle. The first was
designed to cool electronic components and the second was intended to replace the refrigerator-
freezer unit used to preserve blood and urine samples from astronauts engaged in biomedical ex-
periments (Garrett and Backhaus, 2000).

Thermoacoustic refrigeration is considered a new technology, attaining cooling without the
need for refrigerants. The basic mechanism is very simple and efficient. A loudspeaker creates
sound in a hollow tube which is filled with an ordinary gas. In fact, thermoacoustic refrigeration
utilizes high-density sound waves to transfer heat due to the thermoacoustic effect (i.e., acoustic
energy). Therefore, the working fluid in this system is acoustically driven gas. The process itself
utilizes standing acoustic waves in an enclosed cavity to generate the mechanical compression an
dexpansion of the working fluid (gas in this case) needed for the cooling cycle. The technique has
the potential for high-efficiency operation without the need for cooling liquids or mechanical
moving parts. These factors make the concept amenable to miniaturization to chip-scale dimen-
sions for thermal management of electronic components.

The interaction between acoustics and thermodynamics has been known ever since the dis-
pute between Newton and Laplace over whether the speed of sound was determined by the adia-
batic or isothermal compressibility of air.

At the present time, the efficiency of thermoacoustic refrigerators is 20—30% lower than
their vapor-compression refrigerators. Part of that lower efficiency is due to the intrinsic irre-
versibilities of the thermoacoustic heat transport process. These intrinsic irreversibilities are also
the favorable aspects of the cycle, since they make for mechanical simplicity, with few or no
moving parts. A greater part of the inefficiency of current thermoacoustic refrigerators is simply
due to technical immaturity. With time, improvements in heat exchangers and other subsystems
should narrow the gap. It is also likely that the efficiency in many applications will improve only
because of the fact that thermoacoustic refrigerators are well suited to proportional control. One
can easily and continuously control the cooling capacity of a thermoacoustic refrigerator so that
its output can be adjusted accurately for varying load conditions. This could lead to higher
efficiencies than for conventional vapor-compression chillers which have constant displacement
compressors and are therefore only capable of binary (on/off) control. Proportional control avoids
losses due to the start-up surges in conventional compressors and reduces the inefficiencies in the
heat exchangers, since such systems can operate over smaller temperature gaps between the cool-
ant fluid and the heat load.

The research focus of the Thermoacoustics Laboratory in ARL at Pennsylvania State Uni-
versity in cooperation with Los Alamos Research Laboratory is the study of acoustically driven
heat transport. Their goals include an improved understanding of fundamental thermoacoustic
processes and the development of new thermoacoustic refrigerators and heat engines with in-
creased power density, temperature span, and efficiency, and the commercialization of those de-
vices. The laboratory provides the infrastructure to support research on the basic processes re-
quired to understand this emerging, environmentally friendly refrigeration technology. This facil-
ity also supports the fabrication and testing required to produce complete, full-scale operational
prototype refrigeration systems for military and commercial applications such as food refrigera-
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tors/freezers and air conditioners. Their prototypes have been flown on the Space Shuttle and
have been used to cool radar electronics onboard a US Navy warship.

Thermoacoustic refrigerators with cooling powers ranging from a few watts to chillers with
cooling capacities in excess of 10kW are currently in operation or under construction.

Although thermoacoustic refrigerators have not been commercialized yet and are considered
to be still at a developmental stage, it is known that they can be used for any kind of cooling.
Conventional, single-stage, electrically operated thermoacoustic refrigerators can reach cold side
temperatures that are two-thirds to three-quarters of ambient temperature, so they are not well
suited to cryogenic applications below—40-C. However, thermoacoustically driven pulse-tube
style refrigerators can reach the cryogenic temperatures required to liquefy air or natural gas. In
their early commercial stages, they will probably be limited to niche applications such as in mili-
tary systems which are required to operate in closed environments and food merchandizing where
toxicity is an important issue. As global environmental mandates and legislations/amendments
become essential, one can expect the scope of thermoacoustic applications to expand both domes-
tically and in emerging markets.
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POWER TRANSFORMER MAINTENANCE

An electric power system is a network of electrical components deployed to supply, transfer, store,
and use electric power. The creation high technologies and the modernization of transforming and trans-
ferring electricity installations on distance gives new requirements to service ways of transformers. The
work purpose is to define the place of transformes in the electric power system, the ways of power trans-
formers maintenance.
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An electric power system is a network of electrical components deployed to supply, transfer,
store, and use electric power, which is an interconnection of electrical components (e.g. batteries,
resistors, inductors, capacitors, switches) or a model of such an interconnection, consisting of
electrical elements (e.g. voltage sources, current sources, resistances, inductances, capacitances).
When operating power systems, it often becomes necessary to convert certain electrical quantities
into similar analogs with proportionally changed values. This allows to simulate certain processes
in electrical installations, safely perform measurements.The work purpose is to define the place
of transformes in the electric power system, the ways of power transformers maintenance.

A transformer is a static electromagnetic device having two or more inductively coupled
windings on any magnetic circuit and intended for conversion by means of electromagnetic in-
duction of one or several systems (voltages) of alternating current into one or several other sys-
tems (voltages), without frequency change. The transformer provides AC voltage conversion and
/ or galvanic isolation in a variety of applications - power, electronics and radio engineering.
Structurally, the transformer may consist of one (autotransformer) or several isolated wire or tape
windings (coils), covered by a common magnetic flux, wound, as a rule, on a magnetic core
(core) of ferromagnetic soft material.

Modern transformers can be: rod, armored or toroidal. All three types of transformers have
similar characteristics, and reliability, but differ from each other in way of production. In trans-
formers of rod type the winding is reeled up on the core, it joins in the core. The core of the ar-
mored transformer hides in itself practically all winding. Windings of the transformer of rod type
are located horizontally while this arrangement in the armored transformer can be both vertical,
and horizontal. Irrespective of transformer type, such three functional parts are its part: magnetic
system of the transformer (magnetic conductor), windings and also cooling system.

Principle of the transformer operation. The operation of the transformer is based on the law
of electromagnetic induction (Faraday's law), acting in electric and magnetic fields, varying in the
form of harmonics of sinusoidal variables. It converts the primary value of the current vector
flowing in the power circuit to a secondary lower value, with proportionality in modulus and ex-
act angle transfer. There are two windings: primary and secondary. Primary winding receives
power from an external source, and from a secondary winding stress is removed. Alternating cur-
rent of primary winding creates variation magnetic field which, in turn, creates current in a sec-
ondary winding in a magnetic conductor.

Installation of the transformer is made on specially equipped assembly site near its own base
(expediently on the base) and also on the Transformers maintanance home repair platform or at a
constant or variable end face of the machine hall of power plant. The assembly site is provided
with a source of the electric power of necessary power and communication with oil capacities
from stationary oil facilities (or capacities settle down near the platform). The territory of the as-
sembly site has to provide operation of lifting processing equipment and also free placement near
a tank of the transformer of the accessories of knots prepared for installation.

During the work in the open air near the transformer establish the inventory room for per-
sonnel, storages of the tool, devices of materials. The platform is equipped with fire extinguishing
means, phone. [llumination of the assembly (assembly) site has to ensure functioning in three
changes. Installation of large transformers should be made on the project of the organization of
works developed taking into account specific conditions. The volume of installation works in-
cludes preparation of the completing knots and details.

By preparation for installation check lack of cracks and damages of porcelain tires which
surface is cleaned from pollution for the transformer of inputs of kV; then input is experienced
the test tension of alternating current corresponding to an input tension class.

For oil-filled inputs of 110 kV and higher than the volume of preparatory work is caused by
way of protection of oil of input against contact with air.

Maintenance of the power transformer with shutdown it from a power line is made as sched-
uled preventive maintenance realization. Frequency of maintenance of power transformers depends
on their technical condition and on service conditions. Terms of maintenance are established in lo-
cal instructions of the enterprise. However such repairs should be made at least once a year.
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Maintenance of power transformers with disconnection from a power line includes external
examination of the transformer, elimination of the found defects and also cleaning of insulators
and a tank. Instructions to maintenance: lower dirt from the dilator, add in need of it oil and check
correctness of indications of the oil indicator; check the crane and consolidations; examine the
cooling devices and clean them; check a condition of gas protection and integrity of an exhaust
pipe membrane; take also necessary measurements and tests. At well executed maintenance there
shouldn't be emergency exits out of transformers operation, and duration of their operation has to
increase [1].

Each power transformer which is in work has a gradual wear of the insulating materials. The
wear of isolation accelerates together with increase in loading. At incomplete loading of the
power transformer the wear of his isolation is slowed down. At the expense of it the transformer
overload which doesn't reduce the normal term of his work is allowed during the separate peri-
ods. The size of an admissible overload of the power transformer in separate hours of days due to
his underloading in other hours is determined by charts of load ability of the transformer. Such
charts are made for power transformers with natural oil and compulsory air coolings proceeding
from the normal term of wear of isolation of transformers from heating.

To use the factor allowing increase in loading of the power transformer in separate hours
winter peak due to underloading of the transformer in summertime of year use the following pro-
vision: for each percent of underloading of the transformer in summertime 1% of an overload of
the transformer in winter time, but no more than 15% is allowed. The general overload of the
transformer which can be accepted when using of both specified factors shouldn't exceed 30%.
All aforesaid belongs to the allowed overloads of power transformers in the conditions of their
normal operation. Otherwise the issue of admissible overloads of power transformers in emer-
gency cases is resolved.

The specified emergency overloads are allowed irrespective of the size of the previous load-
ing and temperature of the cooling environment. For dry transformers the following emergency
overloads are allowed: 20% within 60 min. and 50% within 18 min. Modern power transformers
with a rated primary voltage work with big sizes of magnetic induction. Therefore even small in-
crease in primary tension causes the increased heating of steel of the transformer and can threaten
his integrity. In this regard at operation of the transformer the size of the brought tension is lim-
ited and she needs to be controlled. The most admissible excess of primary tension is accepted for
transformers of equal 5% of tension corresponding to this branch [3].

Feature of the power transformers working with compulsory cooling of oil is fast tempera-
ture increase of oil at termination of work of the cooling system. However considering the con-
siderable thermal capacity of transformers, allow their work in emergency operation at the termi-
nation of circulation of oil or water and also at a stop of fans of blasting. The extreme duration of
operation of transformers in the specified conditions is defined by local instructions, where both
results of the previous tests, and factory data of transformers are considered. But under all condi-
tions operation of transformers at the termination of the cooling system is allowed no more, than
within one hour.

The resistance size isolation of power transformers windings isn't normalized, nevertheless
this characteristic is among the most important indicators of a condition of the transformer and
she is systematically controlled, comparing to the size which took place at input of the trans-
former in operation. Measurements are performed at an identical temperature and identical dura-
tion of test (usually 1 min.). The size of resistance of isolation of windings of the transformer is
considered satisfactory if she makes not less than 70% of initial value.

Required term of providing normal service life of the power transformer is controlled by its
loading. If to conduct operation of the power transformer, without exceeding the loadings al-
lowed for it, approximate service life of the power transformer makes about 20 years. It must be
kept in mind at the same time that systematic underloading of power transformers for the purpose
of prolongation of his service have also the negative sides: during this time the transformer de-
sign morally grows old. To control loading of transformers with a power of 1000 that above, it is
necessary to install ampermeters which scale corresponds to the allowed transformer overload.
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Oil temperature of transformers with a power less than 1000 kVA is controlled mercury
thermometers. At the bigger power of transformers for this purpose also use manometrical ther-
mometers. They are established for convenience of control of temperature at height 1,51 from the
earth. As manometrical thermometers have smaller accuracy, than mercury, verification of their
indications with indications of mercury thermometers is made from time to time. At the wrong
turning on of transformers for parallel work there can be short circuits and also uneven distribu-
tion of loading between the working transformers. That it hasn't occurred, in the transformers
which are switched on for parallel work it has to be observed [2]:

a) equality of coefficients of transformation;

b) coincidence of groups of connection;

¢) equality of tension of short circuit;

d) the relation of capacities of transformers which isn't exceeding three;

e) coincidence of phases of the connected chains (phasing).

As for transformers under the parallel work after checking which is confirmed existence of
the specified conditions, the phasing of transformers for parallel work. Phasing of transformers is
made before their inclusion in operation after installation or capital repairs with change of wind-
ings. Before turning on the transformer after capital or maintenance, results of the ordered tests
and measurements should be checked. Relay protection of the transformer is established on shut-
down. At survey of installation it is necessary to pay attention to a control system condition and
the alarm system and also to position of the switching equipment. Trial turning on of the trans-
former in network is made a push on full tension. Such inclusion of danger to the transformer
doesn't represent as in the presence in its damages it under the influence of protection will in due
time be disconnected from network.

Test methods of power transformers. Measurements and tests of oil power transformers, auto-
transformers, oil reactors and the reactors grounding the transformers in the course of preparation
and installation, carrying out acceptance tests are made according to requirements of hl.1.8 of PUE,
PTM 16.800.723-80, OAH.458.000-73 and hl. 6 of «Electric equipment testing normsy [3].

Measurements and tests of the transformers which are in operation made according to re-
quirements «Testing norms of electric equipment and devices of consumers electroinstallationsy.
Measurements and tests are carried out at capital («T») and flowing («F») repairs and also to the
between-repairs period (the preventive tests which aren't connected with electric equipment con-
clusion in repair).

Depending on characteristics and conditions of transportation all transformers are subdivided
into the following groups:

1. with power up to 1000 kV; up to 35 kV inclusive, transported with oil/the dilator;

2. with power from 1600 to 6300 kV —up to 35 kV inclusive, transported with oil and the di-
lator;

3. The 10000 kV transformers - above, transported with oil without dilator;

4. of 110 kV and above, transported completely filled in with oil;

5. of 110 kV and above, transported without oil with automatic feed by nitrogen;

6. of 110 kV and above, transported partially filled in with oil without dilator.

According to characteristics and the geometrical sizes all transformers are subdivided into
the following dimensions: up to 35 kV inclusive 5-100 kV; up to 35 kV inclusive 135-500 kV;
up to 35 kV inclusive 750-5600 kV; up to 35 kV inclusive 7500 kV — more and transformers
from 35 to 121 kV of any power; from 121 to 330 kV of any power; of 500 and 750 kV of any
power [2].

Possible malfunctions and ways of elimination: the accidents connected with the fire of
transformers and gas protection. At lightning discharge and blocking of input of the transformer
there can be a fire of the transformer. The oil flowing under pressure lights up. At emergence of
the transformer fire it is necessary to remove from it stress (if it wasn't disconnected from protec-
tion action), to cause a fire brigade, to notify the management of the enterprise and to start fire
extinguishing. At fire extinguishing it is necessary to take measures for prevention of spread of
fire, proceeding from the created conditions. When spouting oil from inputs and the damaged
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consolidations it is necessary for reduction of pressure of oil to lower a part of oil in drainage de-
vices. At impossibility to extinguish the fire the main attention has to be paid to protection
against fire of nearby transformers and other intact equipment. If signs of damage (cracklings,
clicks in a tank, oil emission) aren't revealed, and the signal of gas protection has appeared, then
it is possible to select tests of gas on the analysis without shutdown of the transformer. At detec-
tion of the combustible gas or gas containing decomposition products, the transformer has to be
switched immediately-off then on him measurements and tests have to be taken [3].

Joint operation of gas and differential protection of the transformer speaks about serious
damages in the transformer. In cases of false operation of gas protection one repetition of turning
on of the transformer in the absence of visible external signs of his damage is allowed. If shut-
down of the transformer has resulted from action of protection which aren't connected with his
damage, it is possible to turn on the transformer in network without his check.

Thus, transformers take an important part in the electric power system; they not only convert
the energy, but also provide failure-free and reliable work of the whole power system. The crea-
tion high technologies and the modernization of transforming and transferring electricity installa-
tions on distance gives new requirements to service ways of transformers.
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OBCJIY’KUBAHUE CUJIOBOI'O TPAHC®OPMATOPA

Dnexmpuueckas cucmema npedCmaegisiem coool cemv dIeKMPUYECKUX KOMNOHEHMO8, NPeoHaA3HA-
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PECULIARITIES OF NUCLEAR ENERGY

The modern world is based on electricity, more and more resources required for meeting global
population needs. The finding alternative sources of energy is a preliminary task for the humanity for sav-
ing planet environment. This article describes the peculiarities of nuclear energy; classification, applica-
tion prospects and operating principle of nuclear power plants in the modern world are presented here.
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The world does not stand still, more electricity is needed every year, and the energy sources
that we are accustomed to require many resources and cause huge damage to the environment,
from water supply problems to global warming. Due to there is a necessity to search the alterna-
tive sources of energy, such as solar radiation, wind, heat of the earth's interior. However, not all
climatic and geographic conditions allow them to be used, and the technologies necessary for this
have not developed yet. This article describes the peculiarities of nuclear energy; classification,
application prospects and operating principle of nuclear power plants in the modern world are
presented.

To generate the required energy, a large number of resources are needed, such as gas, oil, coal
(non-renewable resources), as well as suitable sources of hydraulic energy (rivers and other water
bodies). The stations using these resources are detrimental to the whole world ecology. When fuel
is burned at thermal power plant (TPP), combustion products are formed, which cause the precipi-
tation of acid rain and intensify the greenhouse effect. In turn, for the operation of the hydro power
plant (HPP), entire rivers and water bodies are allocated, because of which the problems of water
supply, fisheries and the leisure industry are exacerbated. Nuclear power plants (NPPs) in their
work are much cleaner than other stations. This is because the fuel used is radioactive material,
which can be processed several times, bypassing the creation of a huge amount of waste. In addi-
tion, this type of waste is so small that there are usually no problems with its disposal.

The most widely used energy sources on the Earth today are:

* minerals of organic origin;

* renewable sources of energy, also of organic origin (wood fuel, etc.);

* sources of hydraulic energy (suitable for this purpose rivers and other water bodies).

Together, these energy sources meet today's human needs for energy by about 80%. How-
ever, mineral resources are rather limited and distributed on the Earth quite unevenly from the
geopolitical point of view. Renewable energy sources are not sufficiently caloric and their wide-
spread usage to meet today's needs is threatened by an apparent ecological catastrophe. Possibili-
ties of using water energy are also very limited and have a negative impact on the environment.

Authoritative domestic and foreign scientists believe that nuclear power engineering will
remain a promising direction for the development of energy systems in the nearest future, despite
the possible dangers associated with the using of radioactive materials as the main fuel of nuclear
power plants. The prospect of nuclear power becomes more evident every year due to the results
of research conducted in leading nuclear countries. The results of these studies indicate that the
creation of sufficiently reliable nuclear power plants is quite real today. [1]

Nuclear energy is widely used in many sectors of the economy. Powerful submarines and
surface ships with nuclear power installations are being built. Minerals searching is carried out
with the help of a peaceful atom. Radioactive isotopes found massive applications in biology, ag-
riculture, medicine, in the exploration of space.

There are nine nuclear power plants (NPPs) in Russia, and almost all of them are located in
the densely populated European part of the country. More than 4 million people live in the
30-kilometer zone of these plants.

The positive significance in the energy balance of nuclear power plants is obvious. Hydro-
power for its work requires the creation of large reservoirs, under which are flooded large areas
of fertile land along the banks of rivers. The water in them stagnates and loses its quality, which
in turn exacerbates the problems of water supply, fisheries and the leisure industry.

Thermal power plants are most conducive to the destruction of the biosphere and the natu-
ral environment of the Earth. They have already exterminated dozens of organic fuel tons. For
its extraction from agriculture and other spheres, huge land plots are being seized. In places of
open coal mining, «lunar landscapes» are formed. The increased ash content in fuel is the main
cause of air emissions of tens of millions of tons. All the world's thermal power plants emit up
to 250 million tons of ash and about 60 million tons of sulfur dioxide per year.

Atomic power plants are the third «whale» in the system of modern world energy. Technique
of nuclear power plants is undoubtedly a major achievement of scientific and technical progress.

194



In the case of accident-free operation, nuclear power plants produce virtually no pollution of the
environment, except for thermal. It is true that as a result of the operation of nuclear power plants
(and enterprises of the nuclear fuel cycle), radioactive wastes are formed, representing a potential
danger. The volume of radioactive waste is very small, they are very compact, and they can be
stored in conditions that ensure no leakage to the outside.

NPPs are more economical than conventional thermal power plants, and, most importantly,
when properly operated, are clean energy sources.

At the same time, developing nuclear energy in the interests of the economy, nobody should
forget about the safety and health of people, since mistakes can lead to catastrophic consequences.

In the second half of the 1940s, before the end of the work on the creation of the first atomic
bomb (its test, as is known, was held on August 29, 1949), Soviet scientists began to develop the
first projects for the peaceful using of atomic energy, the general direction of which immediately
became electric power industry.

Nuclear power plants are classified according to the reactors:

- Reactors on thermal neutrons, using special retarders to increase the probability of neutron
absorption by the nuclei of fuel atoms;

- Reactors on light water;

- Reactors on heavy water;

- Fast reactors;

- Subcritical reactors using external neutron sources;

- Thermonuclear reactors. [2]

According to the type of energy, such power plants can be divided into nuclear power plants
(NPPs) designed to generate only electricity and atomic thermal power plants (ATEC), producing
both electric power and heat energy. However, at all nuclear power plants in Russia there are
heating plants designed for heating the network (delivery) water.

The energy released in the core of the reactor is transferred to the heat carrier of the primary
circuit. Then the coolant enters the heat exchanger (steam generator), where the water of the sec-
ond circuit heats up to boiling. The resulting steam enters the turbines that rotate the electric gen-
erators. At the outlet of the turbines, the steam enters the condenser, where it is cooled by a large
amount of water coming from the reservoir.

The pressure compensator is a rather complicated and cumbersome design, which serves to
equalize the pressure fluctuations in the circuit during the operation of the reactor, arising from
the thermal expansion of the coolant. The pressure in the first circuit can reach up to 160 atmos-
pheres (VVER-1000). [3]

In addition to water, in various reactors, molten sodium or gas can also be used as a heat car-
rier. The use of sodium makes it possible to simplify the design of the shell of the reactor core
(unlike the water circuit, the pressure in the sodium circuit does not exceed atmospheric pres-
sure), get rid of the pressure compensator, but creates its own difficulties associated with in-
creased chemical activity of this metal.

The total number of circuits can vary for different reactors. Reactors of the RBMK type (Re-
actor of Large Capacity of Channel type) use one water circuit, and reactors BN (reactor on Fast
Neutrons) — two sodium and one water circuit. [4]

In the event that large amounts of water cannot be used to condense the steam, instead of us-
ing the reservoir, water can be cooled in special cooling towers (cooling towers), which due to
their size are usually the most visible part of the nuclear power plant.

Advantages of nuclear power plants are:

- No harmful emissions;

- Emissions of radioactive substances are several times smaller than coal electricity. station
of similar capacity (the ash of coal-fired TPP contains the percentage of uranium and thorium
sufficient for their beneficial extraction);

- A small amount of fuel used and the possibility of its reuse after processing;
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- High power: 1000-1600 MW per power unit;

- Low cost of energy, especially heat.

The disadvantages of nuclear power plants are the following: irradiated fuel is dangerous,
requires complex and expensive measures for processing and storage; the operating mode with
variable power for reactors operating on thermal neutrons is undesirable; the consequences of a
possible incident are severe, although its probability is quite low; large capital investments, both
specific, for I MW of installed capacity for units with a capacity of less than 700-800 MW, and
general ones necessary for the construction of the station, its infrastructure, and also in case of
possible liquidation [5].

Despite these shortcomings, nuclear power seems to be the most promising. Alternative
ways of obtaining energy, due to the energy of tides, wind, sun, geothermal sources, etc. at the
moment are characterized by a low level of extracted energy and its low concentration.

Currently, international projects of new-generation nuclear reactors are under development, for
example GT-MGR, which will improve safety and increase the efficiency of nuclear power plants.

The United States and Japan are developing mini-nuclear power plants, with a capacity of
about 10-20 MW for the purposes of heat and power supply of individual industries, residential
complexes, and in the future — individual houses. With a decrease in the capacity of the installa-
tion, the estimated scale of production is growing. Small-sized reactors are created using safe
technologies that repeatedly reduce the possibility of a nuclear leak.

Thus, nuclear power is a high-tech and innovative branch of the economy, which today is
one of the most dynamically developing in the world, and also plays a significant role in the
world energy. Among the competitive advantages of nuclear power industry, low resource costs
and relatively low negative impact on the environment can be identified. Further development of
the industry and the stability of the competitive position require the creation of sufficiently reli-
able security systems that can prevent emergencies.
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GEOTHERMAL ENERGY

The new branches development of science and technology, population growth and the problems re-
lated to environmental pollution bring us back to the issue of finding new safe energy sources. This arti-
cle is considered geothermal energy potential, its interaction with environmental aspects.

The new branches development of science and technology, population growth and the prob-
lems related to environmental pollution bring us back to the issue of finding new safe energy
sources. Energy, being the main driving factor for the development of the economy and improv-
ing the welfare of the population, is characterized by the highest growth rates. There are many
types of alternative energy: solar and wind energy, bioenergy, geothermal energy, water energy,
each of them has their certain advantages and disadvantages. This paper is devoted geothermal
energy potential, its interaction with environmental aspects.

Scientists believe that the number of geothermal power plants in the near future will grow
with the failure of power plants that operate on renewable resources. In the world, geothermal
power plants are inferior to power plants working on other renewable resources in terms of the
total potential working capacity, but it gains in density in certain regions where there are prob-
lems with minerals. The development of this industry in the world will be quite diverse, as this
energy is quite situational because its production is effective on the edges of continental plates
and in seismically active regions. Due to this, far from all countries, the extraction of electricity
in this way will be beneficial [5].

Scientists from the Massachusetts Institute of Technology (MIT) in 2006 estimated that with
an investment of approximately $ 1 billion in research, development for 15 years will allow the
creation of advanced geothermal systems that can produce up to 100 GW, and this is only in the
US. In addition, at the Massachusetts Institute of Technology, it is estimated that more than
200 - 1021 J (200 ZJ) will be recoverable, with the potential to increase to 2,000 - 1021 J (2000 ZJ)
with technological improvements sufficient to meet all the world's energy needs during several
millennia [1].

Geothermal energy is the energy received from the natural heat of the Earth. The planet allo-
cates 42 - 1012 W of heat, of which only 2% (840,000,000,000 W) are available for extraction
since 98% is in the core and mantle where extraction is not yet possible. The temperature of the
upper layers of the soil depends mainly on external (exogenous) factors — sunlight and air tem-
perature. In summer and in the daytime the soil warms up to certain depths and in winter and at
night, it cools down after a change in air temperature and with some delay, increasing with depth.
The effect of diurnal variations in air temperature ends at depths from one to several tens of cen-
timeters. Seasonal oscillations capture deeper layers of soil - up to tens of meters. At a depth of
tens to hundreds of meters - the temperature of the soil is kept constant, equal to the average an-
nual air temperature at the surface of the Earth [2].

From a certain depth, the action of the Sun and the atmosphere is weakened so much that en-
dogenous (internal) factors come to the forefront and the subsurface warms up from the inside, so
that the temperature begins to grow with depth.

The warming up of the deep layers of the Earth is mainly associated with the decay of radio-
active elements located there, although other sources of heat, for example, physicochemical, tec-
tonic processes in the deep layers of the earth's crust and mantle are also called. The temperature
of rocks and associated liquid and gaseous substances with depth increases. Insignificant heat
flow from the interior to the surface on most of the planet is associated with low thermal conduc-
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tivity of rocks and features of the geological structure. However, there are exceptions - places
where the heat flow is great. These are zones of tectonic faults, increased seismic activity and
volcanism, where the energy of the Earth interior finds a way out. For such zones, thermal
anomalies of the lithosphere are characteristic; here the heat flux reaching the Earth's surface can
be several times greater and even more powerful than the «ordinary» one. A huge amount of heat
to the surface in these areas is caused by volcanic eruptions and hot springs. Such areas are the
most favorable for the development of geothermal energy. In Russia, it is primarily Kamchatka,
the Kuril Islands and the Caucasus [3].

A huge amount of heat on the surface in these areas is borne by volcanic eruptions and hot
water sources. Such areas are most favorable for the development of geothermal energy. At the
same time, the development of geothermal energy is possible almost everywhere, since the in-
crease in temperature with depth is a widespread phenomenon, and the task is to «extract» heat
from the bowels, just as mineral raw materials are extracted from there. On average, the tempera-
ture increases with depth by 2.5-3 °C for every 100 m. The ratio of the temperature difference
between two points lying at different depths to the depth difference between them is called a geo-
thermal gradient. For example, in the state of Oregon (USA) the gradient is 150 °C per 1 km, and
in South Africa — 6 °C per 1 km. If the trend persists, the temperature at a depth of 10 km should
average about 250-300 °C. This is more or less confirmed by direct observations in superdeep
wells. For example, in the Kola superdeep well bored in the Baltic crystalline shield, the tempera-
ture to a depth of 3 km varies at a rate of 10 °C / 1 km, and then the geothermal gradient becomes
2-2.5 times larger. At a depth of 7 km, temperatures of 120 °C have already been fixed, 180 °C
for 10 km, and 220 °C for 12 km [2].

Another example is a well located in the Northern Caspian, where a temperature of 42 °C
was recorded at a depth of 500 m, 70 °C at 1.5 km, 80 °C at 2 km, and 108 °C at 3 km [3].

It is assumed that the geothermal gradient decreases from a depth of 2030 km: at a depth of
100 km, the estimated temperatures are about 1300—1500 °C, at a depth of 400 km — 1600 °C, in
the Earth's core (depths over 6,000 km) — 4000-5000 °C.

At depths of up to 10-12 km, the temperature is measured through the perforated wells;
there, where they are not, it is determined by indirect signs, as well as at great depths. Such indi-
rect signs can be the nature of the passage of seismic waves or the temperature of the pouring
lava. At depths of several kilometers, much heat is extracted from the natural coolant — heated
thermal waters that come out to the surface or lie at a depth that is accessible to us. In some cases,
the water in the depths is heated to the state of steam.

Thermal waters are hot underground waters in a liquid state or in the form of steam, includ-
ing those emerging on the surface of the Earth with a temperature above 20 °C, that is, generally
higher than the air temperature in this region.

The heat of underground water, steam, steam-water mixtures is hydrothermal energy. The
situation is more complicated with the extraction of heat directly from dry rock — petrothermal
energy, especially since sufficiently high temperatures, as a rule, begin with depths of several
kilometers. The potential of petrothermal energy is much higher than that of hydrothermal en-
ergy, since the heat of the earth's depths is everywhere, and thermal waters are found locally.
However, due to technical difficulties for obtaining heat and electricity, thermal water is currently
used for the most part.

Water temperatures from 20-30 to 100 °C are suitable for heating, temperatures from 150 °C
and above — for generating electricity in geothermal power plants.

Geothermal energy is considered sustainable, heat transfer is small compared to the heat con-
tent of the Earth, but production must be controlled to avoid local exhaustion. Although geother-
mal objects are capable of providing heat for many decades, individual wells can cool down or
become dehydrated. At present, the depth of geothermal wells rarely exceeds 3 kilometers. [4]

There are three schemes for generating electricity using hydrothermal resources: direct using
dry steam, indirect using steam and a mixed production scheme (binary cycle). The type of con-
version depends on the state of the medium (vapor or water) and its temperature. The first to be
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mastered power plants on dry steam. To produce electricity on them, steam coming from the well
is passed directly through the turbine / generator. Power plants with indirect type of electricity
generation are by far the most common. They use hot underground water (up to 182 °C) which is
pumped at high pressure into the generator sets on the surface. Geothermal power plants with a
mixed production scheme differ from the two previous types of geothermal power plants in that
steam and water never enter into direct contact with the turbine / generator.

Geothermal power plants have many advantages:

- Reserves of geothermal resources are considered renewable, almost inexhaustible, but un-
der one condition: it is impossible to pump a large amount of water into the injection well in a
short period.

- The station does not require external fuel.
- The installation can work autonomously, on its generated electricity.
- An external power source is needed only for the first start of the pump.

- The station does not require additional investment, except for maintenance and repair costs.
Geothermal power plants do not need areas for sanitary zones. If the station is located on the sea
or oceanic shore, it may be used for natural desalination of water. This process can occur directly
in the operating mode of the station - when the water is heated and water evaporation is cooled.

- Geothermal power plants produce a relatively small amount of pollutants, so that environ-
mental pollution is insignificant.

There are some disadvantages, such as great initial investments in the development, design
and construction of geothermal power plants. Often, problems arise in the selection of a suitable
location for the installation of a power plant and obtaining permission from the authorities and
local residents. Emissions of flammable and toxic gases, minerals that are contained in the earth's
crust, are possible. Technologies on some modern installations allow collecting these emissions
and processing them into fuel. It happens that the operating power station stops, this can occur
due to natural processes in the rock or by excessive water injection into the well. [4]

Geothermal electricity is generated in 24 countries. Leaders for the electricity production
through geothermal power plants are the United States, the Philippines and Indonesia. Advanced
geothermal systems with a depth of several kilometers operate in France and Germany and are
developed or evaluated in at least four other countries. The largest group of geothermal power
plants in the world is located at the Geothermal Field in California. In the Philippines, geothermal
energy accounts for about 27% of the country's electricity production.

As it was said in the climate project of the Asia-Pacific Summit that Indonesia could become
a superpower in the production of electricity from geothermal energy. India announced a plan for
the development of the country's first geothermal power facility in Chhattisgarh. Canada is the
only major country on the Pacific volcanic ring of fire, in which geothermal energy is not yet de-
veloped. The most promising region is the Canadian Cordillera, stretching from British Columbia
to the Yukon, where production is estimated to be between 1,550 MW and 5,000 MW. [5]

In Iceland, now more than 60% of all consumed energy is taken from the Earth. Including at
the expense of geothermal sources, 90% of heating and 30% of electricity are provided. We add
that the rest of the electricity in the country is produced at the hydroelectric power station that is
also using a renewable energy source making Iceland a kind of global environmental standard.

The invention of geothermal power plants in the twentieth century greatly helped Iceland
economically. Until the middle of the last century it was a very poor country, now it occupies the
first place in the world in terms of installed capacity and production of geothermal energy per
capita and is in the top ten by the absolute value of the installed capacity of geothermal power
plants. However, its population is only 300 thousand people, which simplifies the task of transi-
tion to clean energy sources: the requirements in it are generally low.

Thus, the geothermal power is cost-effective, reliable, sustainable, and environmentally
friendly, but has historically been limited to areas near tectonic plate boundaries. Recent techno-
logical advances have dramatically expanded the range and size of viable resources, especially
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for applications such as home heating, opening a potential for widespread exploitation. The geo-
thermal energy has great prospects for development. Countries are ready to invest into the devel-
opment of geothermal power plants. At certain costs, this branch of energy can become the main
one in certain countries. The production of electric power with the help of geothermal power
plants is growing rapidly and according to the scientists' forecasts, the rates of extraction and de-
velopment will only grow.

Bibliography

1. The Future of Geothermal Energy. Impact of Enhanced Geothermal Systems (EGS) on the
United States in the 21st Century [DnexTponnsiii pecypc] / Massachusetts Institute of Technol-
ogy, 2006. Pexum poctyma: https://www.conserve-energy-future.com/ Jlara oOpamieHus:
12.03.2018.

2. MertsapeB K. Temio 3emnu. I'eorepmanbHasg 3Heprust [DnekTpoHHBIH pecypc]. Pexum
noctyma: https://scisne.net/a-1172/ Jlara oopamenus: 03.03.2018.

3. EBceeB A. Koinbckasi CKBaKHMHA — IIyTh B IPEUCHIOIHION [DIEKTPOHHBIN pecypc]. Pexum
noctyna: https:// www.pravda.ru/science/27-10-2010/1054528/ Nara obpamenus: 06.03.2018.

4. I'eoTepMalibHBIE IEKTPOCTAHIIMY — MPEKPacHasi albTepHATHBA TPAJAUIIMOHHBIM METOAaM
MOJly4eHHUs SHEpruu [DneKkTpoHHbIM pecypc]. Pexum noctyma: http://greenologia.ru/eko-
zhizn/texnologii/.html / [lara obpamenus: 11.03.2018.

5. Morphet S. Exploring BC's Geothermal Potential [Dnexrponnsiii pecypc]. Pexxum moc-
tyna: http://www.bchydro.com/content/dam/documents/current-plan/report-2016033 1-kwl-
geothermex.pdf/ Jlara o6pamenus: 10.03.2018.

A.B. T'yces
Hayunslii pykoBoaurens — JI.A. UnkukoBa, TOLEHT
OI'bOY BO «/lanspsioBTy3», BiaguBocTtok, Poccust

IF'EOTEPMAJIBHASA DQHEPT'ETUKA

Paszsumue nogvix ompacneii Hayku u mexuuku, pocm Hacenenus u npooiemvl, Ces3aHHbIe C 3a2psa3He-
HUueMm okpyscaroujell cpeodsl, 8036pAWAION HAC K 80NPOCY NOUCKA HOBbIX OE30NACHbIX UCMOYHUKO8 dHep-
euu. Paccmampusaemcs nomenyuan 2eomepmanbHOu dHepeull, ee 63auMooelicmeue ¢ dK0J102U4ecKumMu
aAcneKmamu.

Caenenusi 00 aBrope: ['yceB Anekceir BuxrtopoBuu, DHG6-212, e-mail: Aleksey23156@
mail.ru

YK 621.56/.59+61

A.D. Kovtun
Scientific adviser — T.N. Tsvetkova, associate professor
Dalrybvtuz, Vladivostok, Russia

REFRIGERATORS IN MEDICAL USE

In the medical field, there is a need to keep materials like, medications, samples or vaccines at a con-
stant temperature. There are major risks to the effectiveness of vaccines if they aren’t stored in the proper
environment.

When it comes to refrigeration, every facility has its own unique storage needs. Research
laboratories may need to hold critical biological samples at a steady temperature or risk compro-
mising a timely study, while some medical clinics may just need to keep ice packs on hand for
patients with muscle pain.
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Navigating the industry of scientific, medical, and laboratory refrigeration can be a daunting
task. For many, the temptation to just purchase an inexpensive «dorm fridge» off the floor of a
chain store is an easy solution. That decision, however, can be extremely dangerous and ulti-
mately, far more expensive than investing in a quality appliance specifically engineered for the
scientific industry’s storage needs.

Here are some key questions to ask when choosing a medical refrigerator:

Most refrigerators and freezers are generally designed for either built-in (or “zero clear-
ance”) installation or freestanding use. If a refrigerator is going to be placed under a counter and
surrounded by cabinets on either side, it must be designed and constructed for built-in installa-
tion. This usually means there is a fan that pushes air out the front (typically located in the kick-
plate).

Freestanding refrigerators do not usually include exterior fans. As a result, installing one un-
der a counter with little ventilation will compromise its performance, as the side walls or rear can
overheat. When choosing a medical refrigerator, always determine how much space you will
need around it. Built-in capable units generally come at a higher price, but it’s worth the invest-
ment if it ultimately leads to safer cold storage in your institution.

When it comes to the shelving systems inside medical refrigerators, the key is to promote
proper airflow. While glass shelves tend to be more popular with residential customers for their
easy cleanability, they are not recommended for medical storage because the solid surface can
impede cooling circulation. Instead, look for a medical refrigerator that includes wire shelves, or
shelves that are perforated with ventilation holes.

Some vaccine refrigerators are built with interior drawers that have solid fronts in order to
help shield stored contents from ambient temperature when the door is opened. In that case, the
drawers may be constructed from wire or installed with added space in the rear to allow full air
circulation. These kinds of bins or baskets are recommended by the CDC to help ensure better
organization and air circulation within the pharmacy grade refrigerator.

Another case where medical refrigerators differ from household units can be found in the
door shelves, or usual lack thereof. Because door shelves are constantly exposed to ambient tem-
perature, proper medical refrigerators will have flat door liners in place of door racks. General
purpose or lighter medical refrigerators sometimes include door racks, but it is never recom-
mended to store any sensitive material in that space. Instead, put water bottles or gel packs on the
door shelves to help stabilize interior temperature.

While there is no universal temperature setting for all vaccines or biological samples, it is
always advised that any kind of medical refrigerator stay within 2 to 8 °C. Within that tempera-
ture range, most units will still experience minor temperature swings. For more advanced medical
refrigerators, that swing should be no higher than 2°C outside the thermostat set point.

Medical or laboratory freezers have different requirements depending on what they are stor-
ing. Ultra low laboratory freezers are generally classified by their temperature, with units that can
reach between -45° and -85 °C. Other temperature classes include -35°, -30°, and -25 °C, while
more standard freezers run between -10° and -20 °C. As you can probably imagine, it is vital to
know what temperature requirements the items you will be storing have before purchasing a
clinical grade freezer. Vaccines, biological samples, plasma, and other sensitive material have
unique temperature needs, and it is best to know the details before making a decision.

Once you have selected a refrigerator designed to medical standards, it is important to make
sure it is actually performing to these standards. Monitoring the temperature is vital to ensuring
that your refrigerator is protecting, and not damaging its contents.

All scientific refrigerators should include a temperature readout on the outside of the unit.
Note that this is not the same as having a digital temperature control outside the unit; a thermo-
stat controls the temperature and generally shows a readout of what temperature has been set,
while a thermometer (ideally, a NIST calibrated thermometer) will provide a more accurate
display of the temperature inside the unit. The CDC recommends using a digital thermometer
that has its probe placed in a glycol-filled bottle, as opposed to other fluid-filled bio-safe liquid
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thermometers, food thermometers, or household mercury thermometers. Certified thermometers
will include a Certificate of Traceability to prove that the thermometer has been calibrated to a
recognized standard.

For more specific and longer-term temperature monitoring, facilities should record tempera-
ture via a data logger. Many state laws now require automated temperature monitoring in hospital
refrigeration. Depending on your needs, you can find a variety of temperature loggers that will
work with your system. Rather than assigning a staff member to take regular temperature read-
ings from a thermometer, data loggers record interior temperature at user-set time intervals. USB
based loggers save the information to a thumb drive and allow users to view the temperature per-
formance via spreadsheets or charts, while stand-alone loggers have smaller storage and record to
their own system. Some more advanced data loggers can interact with smart phones or wireless
connections and can include temperature alarms and notifications.

While logging temperature is crucial, knowing if and when a refrigerator goes out of its re-
quired temperature range is even more vital to acting fast and protecting stored contents, espe-
cially when dealing with sensitive, expensive, and potentially life-saving vaccines. Many medical
refrigerators will include audio temperature alarms that will sound if the unit rises or falls out of a
pre-set temperature range. Depending on your needs, more advanced alarms can notify staff of a
temperature issue via text message or email.

As you can see, there are many factors to consider before specifying and choosing the right
refrigerator or freezer for your facility. Improper storage conditions can lead to costly losses.
Take some time to understand exactly what your storage needs are before committing expensive,
potentially life-saving materials to their new home.
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POWER TRANSMISSION LINES

Modern world engineers design power transmission and distribution networks, which is the final
stage in the supplying of electricity from the transmission system to individual consumers with using for
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this transportation such components as power lines, cables, circuit breakers, switches and transformers.
This work considers power lines as an essential element of energy transmission system, their classification
and design are described here.

Electric power distribution is the final stage in the delivery of electric power; it carries elec-
tricity from the transmission system to individual consumers. A wholesale electricity market is to
manage the security of the power system in real time and co-ordinate the supply of and demand
for electricity, in a manner that avoids fluctuations in frequency or interruptions of supply. The
stability of the voltage and frequency supplied to customers varies among countries and regions.
Erratic power supply may be a severe economic handicap to businesses and public services,
which rely on electrical machinery, illumination, climate control and computers. Even the best
quality power system may have breakdowns or require servicing. The modern world uses the
power lines everywhere; thanks to them, electricity reaches our homes from power plants. This
work considers power lines as an essential element of energy transmission system; their classifi-
cation and design are described.

Engineers design transmission networks to transport the energy as efficiently as feasible,
while at the same time taking into account economic factors, network safety and redundancy.
These networks use components such as power lines, cables, circuit breakers, switches and trans-
formers.

The transmission line is one of the electrical network components, a system of power
equipment intended for the transmission of electricity through an electric current. An electric
power line in the structure of such a system goes beyond the power plant or substation allowing
remoting long-distance transmission of energy. There are air and cable power lines. Recently,
gas-insulated lines have become popular.

The transmission line also transfers information using high-frequency signals. They are used
for dispatching control, telemetry data transmission, relay protection signals and emergency
automatics.

The construction of a power line is a complex task, which includes design, production, in-
stallation, commissioning, and maintenance.

Air power lines. Air transmission line is a device intended for transferring or distributing
electric power through wires that are in the open air and attached by means of traverses (brack-
ets), insulators and fittings to supports or other structures (bridges, overpasses).

The composition of air power lines is presented by the following elements.: wires; traverses;
insulators; fittings; supports; lightning protection cables; arresters; earthing; sectioning devices;
fiber-optic communication lines (in the form of separate self-supporting cables, or built-in light-
ning protection cable, power wire); auxiliary equipment for operation needs (high-frequency
communication equipment, capacitive power take-off, etc.); elements for marking high-voltage
wires and power line supports to ensure the safety of aircraft flights.

Supports are marked by a combination of colors of certain colors, wires — aviation balls for
designation in the daytime. To indicate day and night, the lights of the light guard are used.

Documents regulating air power lines: The design of the overhead line, its design and con-
struction are regulated by the Rules for the installation of electrical installations and Building
codes and regulations.

Classification of air power lines: alternating current (AC) air power lines; direct current
(DC) air power lines. Air power lines serve for AC transmission and only in some cases direct
current lines are used (for example, for power systems communication, power supply of the con-
tact network and others). The lines of constant current have less loss on the capacitive and induc-
tive components.

By appointment:

- Ultra-long-distance air power lines with a voltage of 500 kV and above (designed for
communication of separate power systems);
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- Backbone air power lines with voltage 220 and 330 kV (designed for power transmission
from powerful power plants, as well as for communication of power systems and association of
power plants within power systems — for example, they connect power stations with distribution
points);

- Distribution 35, 110 and 150 kV air power lines (intended for power supply to enterprises
and populated areas of large areas — connect distribution points with consumers);

- Air power lines 20 kV and below, supplying electricity to consumers.

By voltage: up to 1000 V (air power lines of lower voltage class); above 1000 V; 1-35 kV
(air power lines of medium voltage class); 110-330 kV air power lines (high-voltage air power
lines); 500-750 kV (air power lines of ultra-high voltage class); above 750 kV (ultra-high voltage
air power lines). These groups are significantly different, mainly — requirements in terms of de-
sign conditions and designs.

On the operation mode of neutrals in electrical installations:

- Three-phase networks with ungrounded (isolated) neutral (neutral is not connected to the
grounding device or connected to it through devices with high resistance).

- Three-phase networks with resonant-grounded (compensated) neutral (neutral bus con-
nected to ground via inductance).

- Three-phase networks with effectively grounded neutral (high and extra high voltage net-
works, the neutral terminals of which are connected to the ground directly or through a small ac-
tive resistance). In Russia, these networks are 110, 150 and partially 220 kV; in which transform-
ers are used, (autotransformers require mandatory neutral grounding of the neutral).

- Grids with a grounded neutral (the neutral of the transformer or generator is connected to
the grounding device directly or through a small resistance). These include networks with a volt-
age of less than 1 kV, as well as networks with a voltage of 220 kV and above.

According to the operating mode, depending on the mechanical state: normal operation
mode (wires and cables are not torn); emergency operation mode (with full or partial breakage of
wires and cables); air power lines installation mode of operation (during installation of supports,
wires and cables).

Main elements of overhead lines:

- track — the position of the air power lines axis on the earth's surface;

- pickets — the segments to which the route is divided, the length of the depends on the rated
voltage of the overhead line and the type of terrain;

- a zero piquet sign indicates the beginning of the route;

- the center sign on the route of the under construction air power lines indicates the center of
the support location;

- production picket — installation of picket and center marks on the track in accordance with
the sheet of support;

- the foundation of a support is a structure embedded in or supporting the ground and trans-
mitting to it the load from the support, insulators, wires (cables) and from external influences
(ice, wind);

- basement foundation — the bottom of the lower part of the excavation, which receives the
load;

- span (length of span) — the distance between the centers of two supports, on which wires
are suspended; there is an intermediate span (between two neighboring intermediate supports)
and an anchor spacing (between anchor supports); transition span is a span crossing a structure or
a natural obstacle (river, ravine);

- the angle of rotation of the line is the angle a between the directions of the air power lines
line in adjacent spans (before and after the turn);
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- sight arrow — the vertical distance between the lowest point of the wire in the span and the
straight line connecting the points of its attachment to the supports;

- wire gauge — the vertical distance from the wire in the span to the intersections of the engi-
neering structures, the surface of the earth or water;

- loop is a piece of wire connecting on the anchor support the tensioned wires of neighboring
anchor spans.

Installation of air power lines is carried out by the method of installation «under tensiony.
This is especially true in the case of a complex terrain. When selecting equipment for installing
power transmission lines, it is necessary to take into account the number of wires in the phase,
their diameter and the maximum distance between the transmission line supports.

Cable power line is a line for the transmission of electricity or its individual impulses, con-
sisting of one or more parallel cables with connecting, locking and end clutches (fittings) and fas-
teners, and for oil-filled lines, in addition, with feeders and the oil pressure alarm system.

Cable lines are classified similarly to airlines. In addition, the cable lines are divided:

- according to the conditions of passage: underground, on structures, underwater;

- by type of insulation: liquid (impregnated with cable oil), solid: paper and oil; polyvinyl-
chloride; rubber-paper; cross-linked polyethylene; ethylene-propylene rubber.

Cable constructions can be classified as:

- Cable tunnel — a closed structure (corridor) with supporting structures located therein for
placing cables and cable boxes on them, with a free passage along the entire length, allowing to
lay cables, repair and inspect cable lines.

- Cable duct is a non-construction structure, closed and partially or completely buried in the
ground, floor, floor, etc., and designed to accommodate cables in it, the installation, inspection
and repair of which can only be performed with the ceiling removed.

- Cable shaft is a vertical cable structure (usually rectangular cross-section), whose height is
several times larger than the cross-sectional side, provided with staples or a ladder to move peo-
ple along it (through shafts) or completely or partially removable wall (impassable shafts).

- The cable floor is a part of the building that is bounded by a floor and an overlap or a cov-
ering, with a distance between the floor and protruding parts of the floor or covering of not less
than 1.8 m.

- Double floor — a cavity, limited by the walls of the room, between floors and floors of the
room with removable plates (on all or part of the area).

- Cable block — a cable structure with pipes (channels) for laying cables in them with associ-
ated wells.

- Cable chamber — underground cable structure, closed with a blind removable concrete slab,
intended for laying cable joints or for pulling cables into blocks. The camera, which has a hatch
to enter it, is called a cable well.

- Cable overpass — aboveground or above ground open horizontal or inclined long cable
structure. The cable trestle can be through or unprotected.

- Cable gallery — aboveground or aboveground (completely or partially, for example, with-
out sidewalls) a horizontal or inclined extended cableway.

Losses in transmission lines. The losses in electricity in the wires depend on the amperage,
so when it is transmitted over long distances, the voltage is repeatedly increased (by reducing the
current by the same amount) with a transformer, which, when the same power is transmitted, can
significantly reduce losses. However, as the voltage increases, various discharge phenomena be-
gin to occur.

In the air lines of ultrahigh voltage there are losses of active power per crown (corona dis-
charge). The corona discharge occurs when the strength of the electric field at the wire surface
exceeds a threshold value. The intensity of the electric field is directly proportional to the volt-
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age on the wire and inversely proportional to its radius, so it is possible to deal with losses to
the crown by increasing the radius of the wires, and (to a lesser extent) by applying phase split-
ting, that is, using in each phase several wires held by special spacers at a distance of 40-50 cm.
The losses on the crown increase sharply with increasing voltage, the average annual losses on
500 kV transmission lines are about 12 kW / km, at a voltage of 750 kV — 37 kW / km, at
1150 kV — 80 kW / km. Losses also increase sharply with precipitation, especially frost, and can
reach 1200 kW / km.

Losses in AC power lines. An important quantity affecting the efficiency of an AC transmis-
sion line is the value characterizing the ratio between the active and reactive powers in the line —
cos ¢. Active power is part of the total power transmitted through the wires and transmitted to
the load. Reactive power is the power that is generated by a line, its charging capacity (capaci-
tance between the line and earth), and by the generator itself, and consumed by the reactive load
(inductive load). The loss of active power in the line depends on the transmitted reactive power.
The greater the flow of reactive power, the greater the loss of active power.

With the length of the AC transmission line more than several thousand kilometers, another
type of loss is observed: radio emission. Since such a length is already comparable to the length
of an electromagnetic wave of frequency 50 Hz.

Natural power and transmission capacity of transmission lines. The line has inductance and
capacitance. The capacitive power is proportional to the square of the voltage, and does not de-
pend on the power transmitted along the line. The inductive power of the line is proportional to
the square of the current, and hence the line power. At a certain load, the inductive and capacitive
power of the line becomes equal, and they compensate each other. The line becomes «ideal»,
consuming as much reactive power as it produces. This power is called the natural capacity. It is
determined only by linear inductance and capacitance, and does not depend on the length of the
line. By the amount of natural power, it is possible to roughly estimate the transmission capacity
of the transmission line. When transmitting such power on the line, there is a minimum power
loss, the mode of its operation is optimal. When splitting the phases, by decreasing the inductive
resistance and increasing the capacitive conductance of the line, the natural power increases. As
the distance between the wires increases, the natural power decreases, and vice versa. To increase
the natural power it is necessary to reduce the distance between the wires. Cable lines having
large capacitive conductivity and low inductance possess the greatest natural capacity.

Transmission capacity refers to the maximum active power of three phases of electricity
transmission, which can be transmitted in a long-term steady state mode, taking into account the
regime and technical constraints. The largest transmitted active power transmission capacity is
limited by the static stability conditions of the generators of the power plants, the transmitting and
receiving part of the electric power system, and the permissible capacity for heating the wires of
the line with an allowable current. From the practice of the operation of electric power systems, it
follows that the transmission capacity of 500 kV and above is usually determined by the static
stability factor, for power transmissions of 220-330 kV, restrictions can occur both on the condi-
tion of stability and on permissible heating, 110 kV and below — only on heating.

Thus, the power transmission lines plays a great and important role in the energy distribution
system. The reliability and profitability of their design have been checked during the whole cen-
tury. The variety of power lines is reduced to the classification of two main types: air and cable.
Both variants are used today everywhere, so do not separate one from another and give prefer-
ence to one before another. Of course, the construction of overhead lines is associated with a
large investment, as the laying of the route is the installation of supports from the metal structure,
which have a complex design; this takes into account under what voltage and what network will
be used by.
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ELECTRICAL VEHICLES AND THEIR USAGE IN THE FAR EAST

The article is devoted to the electric vehicle which driven by one or more electric motors powered by
an autonomous electric power source (batteries, fuel cells, etc.) rather than by an internal combustion
engine (ICE). The electric car should be distinguished from cars with an internal combustion engine and
electric transmission, as well as from trolleybuses and trams.

Key words: electrical car, alternative fuel, internal combustion engine, electric transmission.

Electric cars are becoming more common. In addition, there is a large number of self-made
samples. You can also buy devices for converting a conventional car into an electric car.

Today, the leader in the production of electric vehicles is China. Interest in this kind of
transport is fueled by their ecological cleanliness and low operating costs, and the rather high
price of electric vehicles and the small mileage from one charge prevent the spread.

Curious, but the first electric vehicle appeared even before the internal combustion engine, in
1841. In Russia, such transport appeared only in 1899. The market of electric vehicles is very
promising, but some myths interfere with their dissemination, which will be considered.

Today, manufacturers of modern lithium and ion batteries for electric vehicles give a guaran-
tee for their products for 10 years, or even more. But during this time a quarter of the machines
themselves will be on the landfill for various reasons, and half of the internal combustion engines
will already undergo major overhaul. The high cost of a battery is really a fact. However, it is ex-
pected that with the increase in production, their price will fall. Some manufacturers also plan to
provide batteries in general for rent.
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Electric vehicles are safe, because any certified electric vehicle from a major manufacturer
meets all the necessary requirements for passive safety. In addition, the internal architecture of
the body of the electric vehicle enables its designers to increase the dimensions of the front crum-
ple zone.

Many people think that the technology of electric vehicles is too complex for mass applica-
tion and this is not true, in the electric motor of the main moving elements there are only 5,
whereas in the gasoline or diesel analogue there will be hundreds. The owner of the electric car
will not have to change the engine oil and filters, think about how high-quality gasoline poured
and even brake linings here will serve three to five times longer.

There are many types of lithium-ion batteries, as well as lithium-cobalt batteries, which are
used in consumer electronics. They can really ignite under certain conditions. However, everything
is done to reduce risks. To do this, advanced control systems and battery design are used, thus
avoiding heat leakage. Most of the batteries in cars are generally of other types (lithium-iron-
phosphate and lithium-manganese), which have advantages in terms of safety and service life.

There are several important reasons for switching from gasoline to electricity. The fuel
economy standards and government restrictions on greenhouse gas emissions are tightened, the
growth of prices for petroleum products is forecasted in the conditions of growing demand for
them. It is also important for the country to reduce its energy dependence, which is the task of
national security. Yes, and changes in the climate make it more vigorous for governments to in-
troduce programs for the transition to environmentally friendly modes of transport.

All the energy of the battery is spent on movement. The batteries in these cars work well
only when driving at constant speeds or when traveling smoothly. Sharp starts lead to large en-
ergy expenditure, which forces manufacturers to create special starting systems on condensers.
Also about 10% of energy is lost in the gearbox and transmission elements. Part of the electricity
goes also to the heating of the cabin and to the power of other onboard power consumers.

As early as 1899, electric cars were able to overcome the 100 km / h limit, becoming the
fastest on the planet. On October 4, 2010, the Venture Jamais Contente car with lithium-ion bat-
teries on the salt lake in Utah set a new record for electric vehicles at a range of 1 kilometer. The
indicator was 495 km / h, and even at speed of 505 km / h was reached during the race.

Advantages of electric vehicle:

1. Traction motors (TED) have an efficiency of up to 90-95%, compared with 22—-42%
for ICE.

2. Greater environmental friendliness, because there is no need to use petroleum fuels, anti-
freezes, motor oils, and filters for these fluids; no harmful emissions at the location of the vehicle
(emissions of hazardous substances continue to occur in the generation of electricity in power
plants, unless alternative sources of energy are used, such as solar energy in the Tesla Motors Su-
percharger network).

3. The simplicity of the design (simplicity of the electric motor and transmission, no need to
change gears due to the high adaptability of the TED torque to changes in the external load, low
steady speed of the motor shaft, the possibility of its reversal) and control, high reliability and
durability of the crew part (up to 20-25 years ) in comparison with a conventional car.

4. ICE is the source of dynamic loads and torsional vibrations in the vehicle transmission
and the source of vibrations transmitted by the vehicle's supporting structure on the TED electric
vehicle is dynamically balanced.

5. Less noise due to fewer moving parts and mechanical gears.

6. High smooth running with a wide range of changes in engine speed.

7. The possibility of braking by the motor itself (electromagnetic brake mode) without the
use of mechanical brakes — no friction and, accordingly, wear of the brakes.

8. A simple possibility to realize the full drive and braking by applying the «motor-wheel»
scheme, which allows, among other things, to easily implement the rotation system of all four
wheels, up to the position perpendicular to the body of the electric vehicle.

9. Reducing the drag of the car due to the lack of a radiator and other cooling systems. How-
ever, powerful electric vehicles still have a liquid cooling system and, accordingly, a radiator.
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10. Simplicity of maintenance, a large service interval, the low cost of maintenance and
maintenance 2.

11. Low fire and explosion hazard in the event of an accident.

12. Possibility of recharging from the household electrical network (sockets), but this
method is 5-10 times longer than from a special high-voltage charger.

13. Ability to recharge batteries during regenerative braking.

14. The ability to recharge the batteries from the energy of the sun (both during driving and
during a car's idle time).

15. The ability to recharge the batteries from the movements of shock absorbers on an un-
even road.

16. Mass application of electric vehicles could help in solving the problem of «energy peak»
by recharging the batteries at night.

Disadvantages:

1. Batteries for a century and a half of evolution have not reached the density of energy and
cost, comparable to fuel, but this is enough to almost compete with cars on gasoline.

2. The problem is the production and disposal of batteries, which often contain toxic compo-
nents (for example, lead or lithium) and acids.

3. Part of the energy of the batteries is spent on cooling or heating the car's interior, as well
as powering other on-board energy consumers (for example, light or an air compressor). In win-
ter, the range of the path is reduced by 3 times. Without heating, the batteries are much worse.

4. With the massive charging of electric vehicles from the household network, overloading
of the last-mile electric grids increases, which is fraught with a decrease in the quality of power
supply and the risk of local network failures.

5. Long battery charging time compared to refueling. However, unlike gas stations, the loca-
tions of the charging stations do not have such strict restrictions and can be located in more con-
venient places, for example, in parking lots near supermarkets, and can be more common than gas
stations. Also in some electric vehicles, there is already the possibility of a quick, robotic re-
placement of batteries in just a few minutes («Supercharger»).

6. Small mileage of most electric vehicles on one charge. Lithium battery capacity of
24 kWh allows the electric car to travel about 160 km. Using an air conditioner, interior heater,
electric vehicle loading by passengers or cargo, movement with frequent acceleration / braking
and a speed of more than 90-100 km / h reduce the mileage to 80 km.

7. High cost of lithium batteries, or high weight of sufficiently capacious lead batteries.

8. For countries with a cold climate, the issue of heating the salon is very acute. For efficient
heating of a medium-sized car, about 2-3 kW of heat is needed, while the capacity of a battery sold
in Russia Mitsubishi i-MiEV is about 16 kWh, and the included furnace can significantly affect its
power reserve. However, there are electric vehicles and with more capacious batteries, as in the
case of the Tesla Model S, the included stove is enough for two days of continuous operation.

9. The electric charge of the battery gradually wanes, even if it is not used at all.

One of the electric vehicles that is used in Vladivostok is Nissan Leaf.

In the Russian «fleet», according to statistics on January 1, 2018, were registered 1,800 elec-
tric vehicles. At least about a third of them are exploited by residents of the Far East. At the same
time electric cars in the country are represented by only a few models, and the leaders are the
Japanese Nissan Leaf.

Over 60% of electric machines are accounted for by Nissan Leaf, which corresponds to
1,100 units. Used copies of such electric vehicles are imported from Japan, and, accordingly,
most of them settle in the Far East, and the rest are sent to other regions of the country.

On the second place among electric cars Mitsubishi i-MiEV (283 pieces), which share makes
16%. About 15% of the fleet of electric cars in Russia is occupied by Tesla, represented by a se-
dan S (194 pieces) and a cross-over X (68 pieces).

Less than a hundred cars belong to the VAZ development — the electric car LADA Ellada
(93 pieces). Other electric cars — Renault Twizy and BMW 13 — have even smaller indicators — 26
and 4 pieces respectively.
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As experts of the analytical agency «Autostat» note, about a quarter of Russian electric vehi-
cles are registered in the Primorsky Territory (415 units). They are slightly smaller in Moscow
and Moscow region (404 units). Over one hundred electric cars were registered in Khabarovsk
(163 units) and Krasnodar (125 units). The indicators of the remaining subjects of the Russian Fed-
eration are less than 100 units. According to the «Amurskaya Pravda», in 2017 more than 40
people became owners of transport operated from the outlet.

Nissan LEAF — electric car of Japanese concern Nissan, serially produced since the spring of
2010. The world premiere took place at the international Tokyo Motor Show in 2009. Orders for
the model Japanese and American dealers of the company began to take place on April 1, 2010, the
assembly of the first serial copies is made in Japan, and Nissan intends to expand the production of
Leaf electric cars at the plants in the USA (2012), then in the UK and Portugal. Sales of Nissan
Leaf in the United States began on December 11, 2010 and December 22, 2010 and are limited to
shipments on a pre-made online reservation. In Europe, sales start in the first half of 2011.

According to the owners of these cars, | realized that in the Far East these cars currently have
more minuses than pluses. Firstly, it's the climate, because of the severe winter climate, most of
the batteries in these cars freeze and the car does not go anywhere. Then, the resource of these
cars in the winter, with the heating of the passenger compartment switched on, is reduced by half.
Still as a minus, people living not in the house, and in an apartment, allocate such problem, as
recharging of the car. Because they have to excel in many ways, so that the car was fully charged
in the morning. Well and on a last, these cars at present are intended only for a city, since. they
have enough battery power for about 100 km.

The advantages of the cars : their economy, dynamics and aesthetic pleasure.

I hope that in 20-30 years these cars will be in a great use all over the planet. Because de-
spite of all the drawbacks now, which will eventually go away, these cars have great potential.
This is an environmentally friendly car, and more efficiently than a car with ICE, and the impor-
tant thing is that the oil supply ends and the sooner we “switch” to this type of fuel, the better, not
only for nature but for the world's population too.
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ABSORPTION REFRIGERATION

Absorbing cooling systems as alternative to compression cooling, actively develop abroad. Environ-
mental friendliness, low consumption of energy, simplicity of a design and a minimum of mobile parts —
here of what such systems can brag.

The supply and demand of energy determine the course of global development in every
sphere of human activity. Finding sufficient supplies of energy to satisfy the world’s growing
demand is one of society’s foremost challenges. Sorption refrigeration, which is driven by the
low grade heat and provides the air conditioning and refrigeration effect, is paid more and more
attention as one of the energy efficiency and eco-friendly technologies.

Sorption technology includes absorption and adsorption technology. The main differences
between two types of technologies are the sorbents. The absorbents generally are liquid such as
LiBr and NH 3, and the adsorbents are granular or compact solids, such as silica gel, zeolite, and
chlorides. Compared with the absorption technology, the adsorption technology has the advan-
tages of the wide choices of adsorbents for the wide scopes of driven temperatures for different
heat sources, which generally ranges from 50 to 400 °C. The feature of solid adsorbents also
makes it more feasible under the conditions with serious vibration. It doesn’t need the rectifying
equipments, nor does it have the problems of crystallization that can easily occur in absorption
systems.

Adsorption refrigeration has two working processes. The first process is adsorption and re-
frigeration. In this process the adsorption heat releases cooling water or air to the heat sink and
the pressure inside the adsorber decreases to a level lower than the evaporating pressure. The re-
frigerant evaporates and is adsorbed by the adsorbent under the function of pressure difference,
and the evaporation process provides the refrigeration output. The second process is desorption
and condensation. In this process the endothermic process of desorption is driven by the low
grade heat. The desorbed refrigerant vapor is cooled by the heat sink and condensed in the con-
denser.

The earliest record of the phenomena of adsorption refrigeration was that AgCl adsorbed NH
3, which was discovered by Faraday in 1848. After that several refrigerators were developed for
storing food and air conditioning. In the 1930s, the compression refrigeration technology was ac-
celerated by technology innovations such as the discovery of Freon, the manufacture of a fully
closed compressor, the application of compound refrigerants, and so on, and adsorption refrigera-
tion could not compete with the CFCs (chlorofluorocarbons) system because of its low efficiency.

Since the late twentieth century, more and more research concentrated on sustainable devel-
opment and the technology of adsorption refrigeration began to develop. There were two reasons
for the fast development of sorption technologies: one is the need to solve the problems of energy
shortage. It takes about 7 million years to form petroleum and current supplies have almost been
used up after more than 200years’ of exploitation. The stock of coal is greater than petroleum, but
it is also consumed quickly especially with increasing demand as people all over the world desire
comfortable living standards. The recovery of the low grade heat is one of the main technologies
that may overcome the increasing constraints related to energy utilization. Another reason is re-
lated to climate change caused by ozonosphere depletion. There is a common recognition by in-
ternational academics that depletion of the ozonosphere is caused by CFCs, which are found in
refrigerators, air conditioners, and heat pumps. The green refrigerants, which are common in
sorption technologies, are now being focused on as a replacement for traditional compression re-
frigeration technology.
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The main technologies on adsorption refrigeration which are being researched by academics
are mainly advanced adsorbents, advanced cycles, and advanced design for refrigeration systems.

Absorption systems use heat energy to produce refrigeration as well as heating if it is re-
quired. Water is the refrigerant and aqueous lithium bromide (LiBr) is widely used as the carrier
to absorb the refrigerant and provide a higher coefficient of performance.

The mixture of water and anhydrous LiBr is called solution. The composition of a solution is
usually expressed by its mass fraction, or percentage of LiBr, often called concentration. When
the water vapor has boiled off from the solution, it is called concentration solution. If the solution
has absorbed the water vapor, it is called diluted solution.

Absorption systems can be divided into the following categories:

* Absorption chillers use heat energy to produce refrigeration.

 Absorption chiller/heaters use direct-fired heat input to provide cooling or heating sepa-
rately.

 Absorption heat pumps extract heat energy from the evaporator, add to the heat input, and
release them both to the hot water for heating.

+ Absorption heat transformers raise the temperature of the waste heat source to a required
level.

Most recently installed absorption chillers use direct-fired natural gas as the heat source in
many locations in the United States where there are high electric demand and electric rate at on-
peak hours. Absorption chillers also are free from CFC and HCFC.

Absorption heat pumps have only limited applications in district heating. Most absorption
heat transformers need industrial waste heat.

Absorbing cooling also takes not the last place in the list of suitable technologies for intro-
duction of alternative energy sources.

Under the dual pressure of the energy crisis and environmental pollution, as an inexhaustible
and pollution free natural energy, solar energy is considered to be the most promising energy source
after the twenty-frst century, and it has attracted great attention worldwide. Nowadays, the devel-
opment and utilization of solar energy have become the hot topics in the field of energy research,
for instance, solar thermal utilization has been considered to be an essential technology for saving
the energy used in buildings in Energy Conservation Policies for Buildings (1996-2010) made
public by the Ministry of Construction in China. In general civilian buildings, air conditioning
accounts for more than half of the total energy consumption. With the development of economic
and living standards, the energy consumption on air conditioning keeps increasing every year,
and it brings enormous pressure on energy, electricity, and the environment. In 1978, Dr D.I. Te-
hernev built the first intermittent solar adsorption refrigeration devices using zeolite-water. Since
then, solar adsorption refrigeration has become an important branch of energy saving technology,
and it has gradually become a major research topic. Compared with other cooling systems, solar
adsorption refrigeration system has the following characteristics:

1. The structure of the system is simple and the operation of the system is easy, and there are
no solution pumps or rectifying devices required. Therefore, the running costs of the system are
low. There are also no refrigerant contamination, crystallization, and corrosion problems. For a
basic adsorption ice-making cycle driven by solar energy there are no moving parts or power
consumption.

2. Different adsorption working pairs can be chosen for different heating and evaporation tem-
peratures. For instance, a solar adsorption air-conditioning system with a silica gel-water working
pair can be driven by the hot water of 65-85 °C for producing the chilling water at 7-20 °C. A
solar adsorption ice maker with activated carbon-methanol working pair can be directly driven by
solar radiation on the solar collectors.

3. The requirement of the cooling power of the system for air conditioning can match solar
radiation. The stronger the solar radiation is, the hotter the weather is, and the greater the required
cooling load is, consequently the larger the cooling power of the system.
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4. Compared with the absorption and compression refrigeration systems, the cooling power
of adsorption systems is relatively small. Because of the critical heat and mass transfer perform-
ance, if the cooling capacity increases, the mass of the adsorbent and heat exchanger will in-
crease, and consequently the initial investment will increase. The machine will be large. In addi-
tion, due to the low energy density of solar radiation on the ground, a relatively large collector
area to collect a certain amount of heating power is required. Because of the reasons above, it is
difficult to develop the successful solar ice makers, refrigerators, or air conditioners.

5. Because of that the solar energy depends on the seasons and is provided periodically and
intermittently, the solar driven adsorption refrigeration system usually needs an auxiliary thermal
source when it is applied as an air conditioning or cold storage system.

Since the 1970s, much research in the world started to study the solar driven adsorption re-
frigeration systems. Adsorption refrigeration systems have been commercialized, firstly in the
United States and Japan. In China, researchers in Beijing, Shanghai, Tianjin, Zhejiang, Hubei,
Henan, and other provinces have started theoretical and experimental research on the solar ad-
sorption refrigeration technology since the 1970s. Now there are different solar adsorption refrig-
eration systems with different structures. They can be classified by the application of the system,
the working pair, and the adsorption refrigeration cycles. Some classifications are shown in table.

The classifications of solar driven adsorbtion refrigeration system

Classifcations System Characteristics

Ice maker For freezing condition, it uses basic
adsorption refrigeration cycle and has
simple structure

Application Chiller/air conditioner Supply the chilling water with the
temperature of 7-20 °C, and the cycle
is continuous

Cold storage system To store the food and other products
in low temperature

Dehumidification air conditioner | Dehumidifying the air by adsorption
or used for an air conditioner with
evaporative cooling technology

Intermittent cycle Desorption at daytime, and adsorption
at night time. The refrigeration output
is intermittent

Cycles Adsorption chiller Continuous cycle Use two or more adsorbers that oper-
ated alternately for the continuous
refrigeration output, and the perform-
ance can be improved by the heat and
mass recovery process

Active carbon-methanol Suitable for the ice maker

Activated carbon-ammonia Suitable for the ice maker that oper-
ated under positive pressure

Adsorption working pair Strontium chloride-ammonia Good performance for ice making

condition, but the price for adsorbent
is a little bit high

Silica gel-water Suitable for the solar air conditioner
driven by the low temperature heat
source

Molecular sieve-water Suitable for the condition with high

desorption temperature
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Economy of energy is very important for all mankind. Rational use of energy resources and
use of eco-friendly technologies promotes improvement of the standard of living. Absorbing re-
frigeration units meet all requirements of environmental friendliness and energy efficiency that
does them very attractive to application in averages and small refrigeration units and air condi-
tioning systems.
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POWER ELECTRICITY METERS

The electricity market is a set of systems, devices, communication channels, algorithms, etc. for
monitoring and control parameters of energy consumption. The purpose of the paper is to consider power
electricity meters and the principle of their operation.

The electricity market is a set of systems, devices, communication channels, algorithms, etc.
for monitoring and control parameters of energy consumption. Electric utilities measure power
using an electricity meter, which keeps a running total of the electric energy delivered to a cus-
tomer. Electric power consumption is necessary to account when electric charges move through
an electric potential (voltage) difference, which occurs in electrical components in electric cir-
cuits. Electric power is usually sold by the kilowatt-hour (3.6 MJ) which is the product of power
in kilowatts multiplied by running time in hours. The measuring complex of means of the electric
power metering — devices set of one accession intended for measurement and the electric power
metering current transformers, voltage transformers, counters of electric energy, communication
lines. The paper considers power electricity meters and the principle of their operation.

214



Electricity meters are required to register the energy consumed within an acceptable degree
of accuracy. Any significant error in the registered energy can represent a loss to the electricity
supplier, or the consumer being over billed. Electrical power provides a low entropy form of en-
ergy and can be carried long distances and converted into other forms of energy such as motion,
light or heat with high energy efficiency.

Development of the electricity market based on the economic management method required
the creation of full-scale hierarchical systems: automated systems for measuring electricity
(AMR), consumption accounting and the sale of electricity (ACASE), dispatching control (ADC),
control and energy consumption accounting (ACEC). The basic feature of the economic method
of management is the consideration of energy consumption as the main link of the electricity
market. It is represented the aggregate of the actual technological process (production, transmis-
sion, distribution and consumption of electricity), accounting and financial process energy con-
sumption, as well as political-economic (reflecting the current policy in the field of energy use).

Power electricity meter is a device for measuring electricity consumption of alternating or
direct current. The electric energy counter is a combination of a power meter (wattmeter) with a
counting mechanism. In electricity meters, the analog signals of the current and voltage sensors
are converted into digital values, based on which the power, the consumed energy and a number
of other parameters are calculated. All data is stored in the non-volatile memory of the counters.
There are single-phase and three-phase meters. Single-phase meters are used to account for elec-
tricity from consumers whose power is provided by single-phase current (mainly household).
Three phase meters are used to account for three-phase current.

By the method of inclusion, the Power electricity meter can be divided into 3 groups:

- Direct start-up counters (directly connected) are connected to the network without measur-
ing transformers. Such meters are produced for 0.4 / 0.23 kV networks for currents up to 100 A.

- Counters of semi-indirect switching, with their current windings are switched on via cur-
rent transformers. The voltage windings are connected directly to the mains. Scope of application
—networks up to 1 kV.

- Indirect counters are connected to the network via current transformers and voltage trans-
formers. Scope — networks above 1 kV.

Power electricity meters are classified as induction, electronic and hybrid.

1. Induction (mechanical) electricity meters — the most inexpensive, high quality and simple.
This type has some disadvantages: the absence of remote automatic reading, one-rate, accounting
errors. The induction counter has two coils: current, connected in series and voltage connected in
parallel. Two coils form an electromagnetic flow. With a current coil, it is proportional to the cur-
rent strength, the voltage coil to the mains voltage. The electromagnetic field rotates the alumi-
num disk, connected with the counting mechanism by means of a gear and worm gear and drives
it. The higher the power consumption, the faster the disk rotates along the axis.

2. Digital (electronic) electricity meters — more expensive than induction, but much more
convenient for users, more durable and more accurate in calculating the consumed electricity.
Electronic electricity meters are analogue signals converters into pulse repetition rates, after cal-
culating which the amount of transmitted electricity becomes visible.

3. Hybrid electricity meters are a rarely used option with a digital interface, a measuring part
of an induction or electronic type, a mechanical computing device.

Power electricity meters are also divided into one-tariff and multi-tariff. One-tariffs are de-
signed to account for active electrical energy in two-wire AC networks. They are also used to
transmit informative data along the communication lines to the dispatch center of the informa-
tion-measuring system for recording electricity consumption. Multi-tariffs allow multi-tariff ac-
counting of active energy in two-wire AC networks. They can work autonomously, or be part of
any automated accounting systems, including with consumption control in accordance with the
amount of prepaid electricity.

215



The meters are designed to account for the consumed active energy in single-phase alternat-
ing current networks 0.4 kV with a frequency of 50/60 Hz and are used for work with end-users
who make individual calculations with the electricity supplier.

Counters have advanced functionality and allow to:

1. the consumer:

- Control consumption of electricity in view of the developed structure of tariffs

- Monitor the state of mutual settlements with the electricity supplier. At the same time, the
counters support any mode of operation — with both prepayment and credit. The mode of work
with a prepayment does not require the installation of special cards in the counter, since all the
information necessary for calculations comes through communication channels

- Get information about the emergency status of your network
2. power companies:

- Accumulate consumption data using remote access to meters via communication channels

- Monitor and synchronize counters. Monitor the status of the consumption network and the
data network

- Implement an effective consumption management policy based on customer compliance
with the terms of the contract.

Constructively the meter consists of the case (the base of the case, the cover of the case, the
clamp cover), contact pad with current sensor (shunt), chip — signal amplifier, power supply, mi-
crocontroller (MK), nonvolatile memory, backup power element, Interface driver chip, elements
of optocouplers, pushers of the display control buttons on the meter body and LCD display.

The signals from the current sensor are input to the chip — the signal amplifier; signals from
the voltage sensor are fed to the analog input of the microcontroller. The microcontroller proc-
esses analog signals from the voltage sensor and the signal amplifier chip, processes the received
signals and sends the result to an LCD display for display. MC manages all counter nodes and
implements measurement algorithms in accordance with a specialized program placed in the in-
ternal program memory.

Power electricity meters must be sealed when released from production, after repair and in
case of violation of the integrity of the seal. Power electricity meters are subject to state metro-
logical control and supervision. With the production of meters from production and repair, a pri-
mary verification is carried out. Each copy of counters is subject to initial verification. Calibra-
tion interval — 16 years. Counters that are in operation or stored at the end of the calibration inter-
val shall perform periodic verification. Extraordinary verification is carried out in the following
cases: damage to the sign of the verification stamp (seals) and in case of loss of the passport,
commissioning of the meter after long-term storage, re-alignment or adjustment, the sale (send-
ing) to the consumer of the counter, not realized after the expiration of a period equal to half of
the calibration interval.

Thus, metering of both electric and any other energy, requires precision, efficiency and a
certain degree of automation, which creates ease of using energy. A potentially powerful means
to reduce household energy consumption is to provide convenient real-time feedback to users so
they can change their energy using behavior.
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WIND POWER AS AN ENERGY SOURCE
(You do not need to pay for the light)

The traditional energy industry unable to cope with increasing demands for energy consumption. The
article is devoted to the world development of wind energy, as an alternative energy source, it describes
the main types of wind turbines and the designs of modern wind power plants.

It has long been known the time when oil and gas reserves will cease, which means the end
of the traditional energy industry. This article describes the wind power as one of an energy
sources. Wind energy is an energy industry that specializes in converting the kinetic energy of air
masses into the atmosphere into electrical, mechanical, thermal or any other form of energy. The
reserves of this energy are inexhaustible, since the wind arises from the action of the sun, and the
level of harmful emissions is practically zero.

With each new day, the costs of using electricity are growing more and more. There is the
question before humanity how to compensate such expenses. Even if we do not touch upon the
energy crisis, traditional raw materials such as oil, coal, gas, eventually will be exhausted, and the
task will be to develop new clean renewable energy sources. Among them, the sun and the wind
are truly inexhaustible. A powerful impetus to the development of alternative energy caused a
global energy crisis in the mid-1970s.

According to the World Wind Energy Council, the total installed capacity of wind power
plants (VEU) by the beginning of 2015 had already amounted to 369 GW. According to a statistical
survey of World Energy 2013 BP, the world's electric power industry was 521.3 billion kilowatt
hours, which corresponds to 2.3% of the world's electricity production. A significant part of this
energy is generated by wind farms. However, if in the 1980s and 1980s the wind industry was un-
profitable, at present time the world wind energy generates wind. The wind in the surface layer of
the atmosphere arises from the uneven heating of the earth's surface by the sun: water basins,
mountains, forests, steppes, marshes and deserts are not heated the same. Pressure difference is due
to the difference of the density of cold and warm air. It causes the circulation of huge air masses,
that is, the wind. The difference of air density also arises from the shadow (with variable cloudi-
ness, the change of day and night). In the troposphere (at an altitude of 8-12 km from the surface of
the Earth), powerful air currents are formed, called jet streams. The characteristics of jet and surface
air currents are essentially different. In the range of jet streams, reach 400-600 km, and their extent —
up to 1000 km. The air velocity in the core of the jet stream is 30-80 km / h, but often reaches
200 km / h. The energy potential of the wind on Earth is very large and amounts to 170 trillion kWh
per year, according to the estimates of the World Meteorological Organization. This makes it possi-
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ble for wind power plants to produce 1.18-1013 kWh per year, which is many times greater than the
amount of energy consumed in the world. Wind turbines usually use wind in the surface layer of the
atmosphere at a height of 50—70 (less than 100 m) from the surface of the earth [1].

The most important energy characteristic of the wind is its speed. Due to a number of fac-
tors, the speed and direction of the wind depend on random law.

The other important characteristic of the wind is its vertical profile, ie, the nature of the
change in wind speed in the surface layer of the atmosphere. The kinetic energy of the wind is
proportional to the cube of its velocity. Specific wind power with a cross-section of 1 m2 at
t =150 C and p = 101.3 kPa. The kinetic energy of the airflow with the help of a wind wheel or a
wind turbine is converted into mechanical energy. The latter cannot be converted into electrical,
thermal, mechanical energy or compressed gas by means of an actuator (generator, compressor,
electrolytic cell, etc.).

Blocks of wind energy are divided into 3 groups: up to 5 kW for heating the premises, sup-
plying pumps, etc.; 5-100 kW (as a drive for various devices, including generators); more than
100 kW (for parallel operation with non-wind power plants).

Wind turbines with a vertical axis of rotation (carousel, rotor, and drum) and with a horizon-
tal axis of rotation (winged) were proposed. The efficiency of the wind turbines of the wing is
much higher than that of wind turbines with a vertical axis and reaches 50%. Currently, most
countries use winged wind turbines. The main working element of the bladed wind turbine is a
wind wheel with blades located along the radii and at some angle to the plane of rotation. The num-
ber of blades can be different (usually 2—3). The moment of rotation on the wind wheel appears due
to the lift force that arises from the difference in pressure under and above the wing. The speed of
rotation of the wheel is maximum when the blades are perpendicular to the flow of air.

Therefore, devices for automatic rotation of the rotation axis are used in wing wind farms: on
powerful wind power stations, electronic yaw control system and at small stations — the stabilizer
wing [2].

New technological ideas are applied in modern wind farms,: a system of dynamic changes in
the angle of attack, a system for dynamically adjusting the speed of rotation of the wind wheel,
system for the operational control of the magnetic slip of an asynchronous generator. The wind
farm began to operate, which uses a multi-pole rotor on permanent magnets and a high voltage
generator with a stator with windings from the cable. The alternating low-frequency current is
rectified, and then converted to alternating current of the network frequency. The generator is
low-speed and does not need a reducer. The operation of the wind farm is controlled by the on-
board computer. If there are sudden voltage surges with strong gusts of wind, they go out with
special electronic systems. Wind turbines are off at a wind speed of 25 m / s using a two-level
braking system. In the off state, they withstand wind squalls of up to 50 m / s. They are serviced
by a wind farm every six months (service life is 20 years). An effective wind diesel system, i.e., a
working wind farm in combination with a diesel engine. A computerized device allows turning
off the diesel after two seconds and then turning it on again. At the same time, up to 67% of die-
sel fuel is stored [3].

Germany plans by 2020 to produce 19.6% of electricity from renewable energy sources,
mainly because of winds. Denmark plans by 2020 to provide 50% of the country's electricity
needs through wind energy. According to the plans of the European Union, the total amount of
electricity produced by wind turbines will be 494.7 TWh. China adopted the National Develop-
ment Plan. It is planned that China's installed capacity should grow to 30,000 MW by 2020.
France plans to build wind farms by 25,000 MW by 2020, of which 6,000 MW are at sea [4].

The wind has a major drawback — its instability. To reduce the dependence on the volatility
of the wind, flywheels are used, partially smoothing the squalls of the wind and various batteries,
most often electric. Air is also used (the wind turbine supplies air to the cylinder when the air jet
leaves the turbine, rotates by means of an electric generator) and hydraulic accumulators (the
windmill raises water to a certain height, falls, water rotates the turbine).
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To compensate for wind instability, wind power stations (stations) are built. Wind turbines
are placed in rows in a large area. The diameter of the wheels can reach several tens of meters,
and wind installations should not be blocked. Modern wind turbines operate efficiently at a wind
speed of 6-10 m / s. Wind turbines are installed on masts a few tens of meters high (up to 100 m)
to lift the atmosphere above the surface of the inertial layer.

Wind farms work effectively only in areas with stable winds, for example, on mountain passes
and seashores. Unfortunately, wind power plants have a number of disadvantages. They are very
noisy; they create intense infrasound, making people feel uncomfortable and depressed. Infrasound
also adversely affects animals and birds. With a wide application of wind turbines, the thermal bal-
ance of the earth's surface is disturbed. It can change the wind growth in neighboring industrial ar-
eas and increase air pollution. Wind farms impede the flight of birds and insects; reflect radio
waves with rotating blades, which complicates the navigation equipment of aircraft and the recep-
tion of a television signal. Capital costs and operating costs for wind turbines are significant.

Wind farms occupy a much larger area than hydropower plants, thermal power plants or nu-
clear power plants of the same capacity. In the West, a number of problems associated with the
operation of wind farms were resolved in the mid-1990s. Improving the profile of the blades and
choosing the number of revolutions of the wind wheel made it possible to reduce noise and vibra-
tion. Protection of birds is provided by protecting the windshield with a mesh sheath. Repeaters
were built to improve the reception of the television signal near the wind farm. Unlike fossil fu-
els, wind is a renewable source of energy. Capital costs for the construction of wind farms are
much less than for the construction of thermal, nuclear or hydroelectric power stations. Wind
power plants do not pollute the air like thermal power plants; they do not provide 66 radioactive
wastes, such as nuclear power plants.

Thus, wind energy is related to the perspective sectors of alternative energy. Wind energy re-
serves are more than hundreds of times higher than the reserves of hydropower of all the rivers
of the planet. The power of high-altitude winds (at an altitude of 7-14 km) is approximately
10—15 times higher than that of surface winds. Such flows have a constant, almost unchanged
throughout the year and can be located even in densely populated areas (for example, in cities),
without compromising economic activity.
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