TOMSK TOMCKUI

POLYTECHNIC I.I NONUTEXHUYECKUM
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MWHUCTepPCTBO HayKm U Bbicllero o6pasoBaHusa Poccuiickoin Degepaumn

q>e,qepaanoe rocypapcreeHHoe aBTOHOMHoe
o6pa303aTeanoe yypexneHue Bbicliero O6paSOBaHVIFI

YHUBEPCUTET

«HaLunoHanbHbIN nccnefosatenbCkunii TOMCKMIA NONNTEXHUYECKNI yHUBepcuTeT» (TIY)

WmxenepHas 1IKOJIa SJHEPTeTUKU
Hanpasnenue noarorosku 13.03.02 DnekTposHepreTuka U 31€KTPOTEXHUKA
Otnenenue mkoibl (HOLL) D1exkTpoobopyaoBaHKE JIeTaTEeAbHBIX allapaToB

BAKAJIABPCKAS PABOTA

Tema padoTsl

DJIEKTPONPHUBOJ VISl CHCTEMbI OPHEHTALIMH KOCMHYeCKOro annapara

V]IK 629.78.062.2
CTyneHT
I'pynna [(35(0) Hoanuce Jara
5A6H Munnmuna EnnzaBera EBrenneBHa
PykoBoauTenp
J0JZKHOCTH DPUO Y4yeHasi cTeneHs, Moanucey Hara
3BaHUuE
Houent 023, UIIID Kucenes Anexcannap K.T.H
Bukroposuu

KOHCYJIBTAHTBI 110 PA3JEJIAM:

[To pazneny «PUHAHCOBBIN MEHEKMEHT, pecypcodhHEeKTUBHOCTh U PeCypcocOepekeHUE»

JoaxHocTh DdUO Yu4eHnas crenenb, Hoanucey Jlara
3BaHUe
JloueHt Crungsiga JILIO. K.3.H., JIOIIEHT
ITo pasaciny «COIII/IaJH)HaSI OTBCTCTBCHHOCTbL)
JoaxHocTs DdUO Yu4eHnas crenenb, Hoanucey Jara
3BaHHe
Accuctent OO/] Mesenuena N.JI.
JOIMYCTUTD K 3BAIIIUTE:
DdUO Y4yeHasi cTeneHs, Moanucey Jara
3BaHHe
0235 UIID

Tomck — 2020r.




13.03.02 DnexTpo3HepreTuka U MEKTPOTEXHUKA

Kon
pe3yib-
TaTa

PesynbTaTt 00yueHust

IIpogpeccuonanvuvie

P1

HpI/IMeHﬂTL COOTBCTCTBYIOIINEC 'YMAHUTAPHLIC, CONUAJIbHO-OKOHOMHWYCCKHUC,
MaTE€MaTUUCCKHUE, CCTCCTBCHHO-HAYYHBIC U MHXKCHCPHBIC 3HAHHA, KOMIIBIOTCPHBIC
TCXHOJIOTHUH UIA pCHICHUS 3a/1a4 paCuCTa U aHAJIN3a 2JIEKMPUHECKUX ycmpoﬁcme,
00beKmos U cucme.

P2

YMeTh GopMynupOBaTh 3aja4K B O0JIACTH 2/1eKMPOIHEPSeMUKU U IeKMPOMEXHUKU,
aHAIM3UPOBATh U PEIIATh WX C UCTOJIB30BAaHUEM BCEX TPEOYEMBIX U JOCTYITHBIX
peCcypcoB.

P3

YmeTs IMPOCKTHUPOBATH 2/IeKMPOIHEpcemudecCKue U 31eKmpomexHudecKue cucmemosl u
UX KOMNOHEHNbL.

P4

YMeThb MmIaHupoBaTh U MPOBOAUTH HEOOXOIUMBIE HKCIIEPUMEHTAIILHBIE UCCIICI0BAHNUS,
CBSA3aHHBIE C ONPEICIICHUEM ITAPAMETPOB, XaPAKTEPUCTUK U COCTOSTHUS
91eKMpooOOpy008aHUs, 06LEKMO8 U CUCEM INIeKMPOIHEPLEMUKU U
91eKMpOomexHuKy, AHTEPIPETUPOBATh JAHHBIE U JIEIaTh BBIBOJIBIL.

PS5

[TpyMeHsITh COBpEMEHHbIE METOAbI 1 HHCTPYMEHTHI IPAKTUYECKON HHKEHEPHOM
JEeSITeTLHOCTH MIPU PEUICHUH 33124 B 00JIACTU 21eKMPOIHEPLeMUKY U
91eKMPOmMexHUuKu.

Pé6

HMeTp npakTUYECKNE 3HaHUS IPUHLIUIIOB U TEXHOJIOTUH 271eKmMpOIHepeemuiecKol u
9NeKMpPOmMexHu4ecKoli OTPacien, CBSI3aHHbIX C 0COOEHHOCTHIO MTPO0OIIEM, 00BEKTOB U
BUJIOB IPO(eCCHOHATBHOMN IEeATENbHOCTH MPOGUIIS MOJTOTOBKH HA MPEANIPUATUSAX U B
OpraHu3alysIX — NOTEHIMAIbHBIX Pa00TONATEIAX.

Ynueepcanvnvie

P7

Hcmoap30BaTh 3HaHUS B 00J1aCTH MCHCIPKMCHTA IJId YIIPABJIICHUA KOMIIJICKCHOM
PIH)KCHCpHOfI JCATCIIBHOCTBIO B obnactu IJIEKMPOIHEPCEMUKU U ITNEKMPOMEXHUKU

P8

Hcnonbs30BaTh HABBIKU YCTHOI>'I, MHUChbMEHHOM peuur, B TOM YUCJIC HA HHOCTPAHHOM
SA3BIKC, KOMIIBIOTCPHBIC TEXHOJIOTHU IJId KOMMYHUKAUU, IPE3CHTALIUNA, COCTABJICHUA
OTYETOB U 0OMEHA TEXHHUECKOM HH(I)OpMElL[PICfI B 00J1aCTIX IJIEKMPOIHEPcEMUKU U
OJIEKMPOMEXHUKU.

P9

DddexTuBHO paboTaTh MHAUBUIYATHHO U B KAYECTBE YICHA WM TUAEpa KOMaH/IbI, B
TOM YHUCIJIe MEXAUCIUIUIMHAPHOM, B 00JIACTH 91eKMpoIHepemuKiy u
91EeKMPOMexHUKU.

P10

HpOSIBJ'ISITI) JIMYHYIO OTBETCTBCHHOCTH U ITPUBCPKECHHOCTH HOPMaM
HpO(I)eCCI/IOHaJ'ILHOI\/Il 9TUKH U HOpMaM BCIACHUSA KOMILJICKCHOM I/IH)KCHCpHOP'I
JCATCIIbHOCTH.

P11

Ocy1ecTBIATh KOMIUIEKCHYIO MHKEHEPHYIO JESITEIbHOCTh B 00J1aCTH
9JIeKMPOIHEP2eMUKU U INEKMPOMEXHUKYU C YIETOM IPABOBBIX U KYJIBTYPHBIX
aCIIEKTOB, BOIIPOCOB OXPaHbI 310POBbsI U O€30MACHOCTH KU3HEIESTEIbHOCTH.

P12

beITh 3aUHTCPCCOBAHHLBIM B HCIIPECPBIBHOM O6y‘{CHI/II/I " COBCPIICHCTBOBAHHUHN CBOHUX
3HAHUI U Ka4eCTB B 00JIaCTH OJIEKMPOIHEPEMUKU U ITIEKMPOMEXHUKU .




TOMSK
POLYTECHNIC
UNIVERSITY

TOMCKWUN
NONMUTEXHUYECKUNN
YHUBEPCUTET

MwuHWCcTEepCTBO HayKK U Bbiclero o6pa3soBaHua Poccuinckon Gegepaumm
benepanbHoe rocyapcTBEHHOE aBTOHOMHOE
obpasoBaTesnibHOE yupexaeHne Bbicllero obpasoBaHnA
«HaunoHanbHbIN nccnegosaTebCKNin TOMCKMI NOAUTEXHNYECKUIA yHUBEepcUTeT» (TTTY)

I/IcheHepHaﬂ IIKOJIa S9HCPTCTUKHA

Hanpasnenue noarorosku 13.03.02 DnekTpodHepreTuka U 3J1eKTPOTEXHUKA

Otnenenue mkomnsl (HOLL) DinekrpoobopynoBanme JeTaTeIbHbIX aliapaToB

YTBEPXAIO:
PykoBonurens OOII
(ITogmues)  (Hata) (®.1.0.)
3AJAHUE
Ha BBINOJIHEHHE BBINYCKHON KBAJU(PUKATNMOHHON padoThI
B dopwme:
bakanaBpckoii padoThbI
CryneHry:
I'pynna PUO
SA6H Munummnol EnusaBere EBreHbeBHe

Tema paGoThI:

BHCKTPOHPI/IBO}I AJIA CUCTEMBI OPHCHTAIUU KOCMHUYICCKOI'0 amnraparta

VYTBepKIaeHa TPUKA30M TUpEKTOpa (1aTa, HOMep) Ne 45-39/c ot 14.02.2020

CpOK Ca4yu CTyACHTOM BBIIIOJIHEHHOM pa6OTBII

TEXHUYECKOE 3AJTIAHHUE:

Hcxoanbie 1anHble K padoTe

(HauMeHoB8aHUe 0OBLEKMA UCCIeO0BAHUSL UTU NPOEKIMUPOBAHUS,
NPOU3B0OUMENLHOCHIb UL HASPY3KA; PEACUM pabombl
(HenpepvLeHbLEL, NePUOOUYECKULL, YUKIUYECKUL U M. 0.); 8UO
CBIPbSL WU MAMepuan uzoenus; mpeboeanus K npooyKmy,
uz0enuio unu npoyeccy, ocobvle mpebosamus K 0CO6eHHOCMAM
@ynryuonuposanus (IKCnryamayui) 06veKma unu u30enus 6
niane 6e30nacHOCU YKCHLYAMAYUY, GIUSHUS HA
OKDYIHCAIOWYIO CPEY, IHEPLO3AMPAMAM, IKOHOMUUECKUTLL
ananuz u m. 0.).

OOBeKT pa3pabOTKU — 3IEKTPONPUBOJ Ui CHUCTEMBI
OpPUEHTALMH KOCMUYECKOTO arapara.
TpeboBaHMs K AIIEKTPOIBUTATEITFO-MaXOBHKY:

e Kunernueckuit Mmomenr 0,25 Hwc;

e VYrnosas ckopocts 12000 06/muH;

o [lorpebnsemas momHOCTh He Oosiee 10 Br.




IlepeuyeHb MoAJIEKAIMX HCCIE0BAHNIO,
NPOEKTHPOBAHHUIO U pa3padoTKe
BOIIPOCOB

(ananumuyeckuii 0630p NO IUMEPAMYPHBIM UCHIOYHUKAM C
YebI0 GbIACHEHUST OOCTUNCCHUTI MUPOBOTL HAVKU MEXHUKU &
paccmampugaemori 061acmu,; NOCMaHo8Ka 3a0aqu
UCCIe008AHUS, NPOEKMUPOBAHUS, KOHCIPYUPOBAHUS,
codepoicanue npoyedypul UCCIe008AHUS, NPOEKMUPOBAHUS,
KOHCMPYUPOBAHUSL, 0OCYIACOCHUEe Pe3YIbmano8 GblNOJHEHHOU
pabomul; HaumMeHo8anue OONOIHUMENLHBIX PA30EN08,
noonedxcawux paspabomxe; 3aKkuoyenue no pabome).

1.Ananutudecknii  0030p 1O JIUTEPATypHBIM
HCTOYHUKAM,

2. Pac4eTHO-KOHCTPYKTOPCKAS MOJICTTb,

3. Bei6op marepuanor

4. Pacuet pabounx XapaKTepUCTHK;

5. PabGouas quarpamMma MarHura;

6. PUHAHCOBLINM MEHEKMEHT;

7. CoumanbHasi OTBETCTBEHHOCTD,

8. 3akirouenue.

Ilepeyensb rpaguyeckoro marepuasa

(c mounviM yKazanuem o0s13amenbHbIX Yepmedicell)

1. Tla3 sixops;
2. O6MOTKa AKOPS;
3. COOpOUYHBIH YepTeK UCIIOIHUTENBHOTO OpraHa.

KoHCcy1bTaHTBI 10 pa3jiejiaM BbIIYyCKHOM

(c ykazanuem pazoenos)

KBATH(UKAIMOHHOH padoThI

Paznen

Koncyabranr

«DuHaHCOBBIHI MEHEIKMEHT,
pecypcodhHEKTUBHOCTD,

SHEprocOepeKeHre»

Crunpina JIro60Bs FOpbeBHa

((COI_[I/IaJ'IBHaSI OTBCTCTBCHHOCTDBL»

Mesenuesa Upuna JleonnnosHa

Ha3Banus pa3nesnoB, KOTOpbIe JOJKHBI
ObITh  HANHCAHBI pyccKoM
HHOCTPAHHOM SI3bIKAX:

Ha H

JaTa BbI1a4¥ 3a1aHUA HA BBINIOJIHEHHE BBINTYCKHOM
KBAJIN(UKALMOHHOM padoThI 110 JIMHEHHOMY IpaguKy

3ananue BbI1aJ1 PYKOBOAUTE/Ib

JoaxHocTh DdUO0 Yuenas crenensb, Hoanucey Jara
3BaHUue
Houent 023 UIID Kucenes Anexcannap K.T.H.
BukropoBuu AOLEHT
3anaHne NPUHAJ K MCTIOJHEHUIO CTY/IEHT:
I'pynna (035 (0] Hoanucey Jara
5A6H Munnmuna EnnzaBera EBrenneBHa




TOMSK TOMCKNH
POLYTECHNIC MNONMUTEXHUYECKUN
UNIVERSITY Il YHVBEPCUTET

MwuHMcTepcTBO HayKK 1 Bbiclwero obpasoBaHua Poccniickonn Oepepaunn
denepanbHoOe rocyaapcTBeHHOE aBTOHOMHOE
obpazoBaTesibHOe yupexKaeHue BbicLiero obpasoBaHuA
«HauunoHanbHbIN nccnefosBatenbckmii TOMCKUN NOANTEXHNYECKUI YHMUBEepcuTeT» (TITY)

WuxeHepHas MIKOJa DJHEPTeTUKH
Hanpasnenue noarorosku 13.03.02 DnekTpodHepreTuka U 31eKTPOTEXHUKA

Otnenenue mkonsl (HOLL) DiaekrpoobopynoBanme JeTaTeabHbIX alapaToB
[lepron BeITTOTHEHHS (ocennwmii / Becennuit cemectp 2019 /2020 yueOHoro rosa)

dopma npeacTaBlieHuss padOThI:

BbaxkanaBpckoit padoTsl

KAJIEHJIAPHbBIA PEUTUHT-IIJIAH
BBINIOJIHEHHS BBIIYCKHOH KBaIH(QUKALNOHHOKH PadoThI

Cpok cauu CTYJIEHTOM BBITIOJTHEHHON paOOTHI:

Hara Ha3spaHnue pa3aena (Mmoay.s) / MaxkcumanbHbIi
KOHTPOJIS BHUJI paboThl (MCCIIEI0BAHN) 0as1 pazgeia (MoayJIsi)

01.03.2020 Bseoenue

15.03.2020 Ananumuyeckutl iumepamypuulii 0030p

30.04.2020 Pacuemno-xoncmpyxmopckas moodeny,

1.05.2020 Buvibop mamepuanos

15.05.2020 Pacuem pabouux xapakmepucmux;

22.05.2020 Pabouas ouacpamma macnuma,

02.06.2020 QuHaHCcosblll  MeHedNHCMeHm  pecypcodphekmusHocms U
pecypcocbepedicerue
27.05.2020 CoyuanvHas omeemcmeeHHOCMb

30.05.2020 Saxmouenue

COCTABWII:
PykoBoautear BKP
JoaxHocTh DdUO0 Yu4enas crenensb, Hoanucey Jlara
3BaHHe
Houent O3 UIID Kucenes Anekcanip K.T.H.

BukropoBuu AOLCHT




COI'ZTACOBAHO:

PykosoauTesar OOII

JoaxuHocTs

()% (0]

YyeHnas creneHb,
3BaHUe

Ioanuch

Jara




_ 3AIAHME JJISI PA3JIEJIA
«®UHAHCOBBIII MEHEJJ)KMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHHUE»
CtyneHry:
I'pynna DPUO
5SA6H Munummunoy EnnzaBere EBreHneBHOM
Ixoaa i) OTtaenenune mkojabl (HOILI) 99
Yposenn bakanaspuar Hanpasaenue/cnenuansnocts | 13.03.02
o6pasosanus DIEKTPOSHEPrETUKA |
anekrporexauka/D0JTA

Hcxonnblie 1anHble K pa3aeny «DMHAHCOBBIA MEHEIKMEHT, pecypco3dGeKTUBHOCTDH U

pecypcochepexeHne»:

1. Cmoumocmuv pecypcog Hayunozo ucciedoganus (HH): Brooowcem npoexma ne 6onee 250000 pyobaei, 6
MAMEPUATbHO-MEXHUYECKUX, IHEPLEMUYECKUX, (PUHAHCOBBIX, | MOM YuClle 3ampambsl HA Onlamy mpyoa He
UHDOPMAYUOHHBIX U HET0BEYECKUX bonee 150000 pybaeil.

2. Hopmbl u HOpMamuevl pacxo008anus pecypcos THonoscenus 06 onname mpyoa 6 TI1Y.

[patic-nucmel  KAHYEIAPCKUX  MOBAPOE U
yenye.

3. Hcnonvsyemas cucmema HAI020001104CEHUS, CMABKU Ipemuanvuviii  Kod(pGuyuenm,  parionHwlil
HAN0208, OMYUCIeHUL, OUCKOHMUPOBAHUS U KpeOumosanusi | kodgguyuenm, rospguyuenm donram u

Haobaesox, 3apabomuas niama no mapugHou
cmaske.

Ilepeyens BONPOCOB, MOATEKAUIUX HCCIETOBAHNIO, IPOEKTHPOBAHUIO U pa3padoTke:

Oyenka nomeHyuana u nePCREKMUEHOCTU
peanuzayuu HH moiicHo oyeHums ¢ nomoupro
SWOT-ananusa u unmezpanvHou  OyeHKU
pecypcodrgpdexmusnocmu

1. oyenxa kommepuecrozo nomenyuana, nepcnexmusrocmu u
anvmepHamus npogedenus HU ¢ nosuyuu
pecypcoaggexmusnocmu u pecypcocoepexcerus

Pacuem  ocnoenoti  3apabommou  naameol,
banauc pabouezo 8peMmeH, obwasn
cmoumocms  000pY008aHUs U  MAMEPUAIOs,
omuucienust 80 8HedI00dcemmuvle hoHobl

2. Inanuposanue u ghopmuposanue 6100xcema HayyHbIX
ucciedosanuil

Onpedenenue 3¢gekmusnocmu npoucxooum
Ha ~ OCHOGe  pacuema  UHMESPATbHO2O
noxasamens 3h@PexmueHOCmu MexHUYecKo2o
npoexma.

3. Onpeoenenue pecypchoii (pecypcocbepezaiowetl),
Gunarncosotl, 6100KHCEMHOU, COYUATLHOU U IKOHOMUUECKOU
aghgpexmusHocmu uccredosanus

Hepeqeﬂb rpac[wmec:coro MaATEPHUAJIA (c mounvim ykasanuem obazamensHbix uepmedice) .

Oyenka KOHKYPEeHmMOCnOCOOHOCTU MEXHUYECKUX peuleHUl,

Mampuya SWOT;

Anvmepruamugwl npogedernus HU,

I'paguk nposeoenus u b6r00xcem HU,

Oyenxa pecypcrol, punancosoil u skoHomuyeckou aghgexmusnocmu HH.

ogrwhPE

‘ Jara BbI1auM 3a1aHuA 1JIs1 pa3/eia 1o JuHeiHoMY rpaduky 1.04.2020

3auafme BbIIAJI KOHCYJbTAHT:

JoaxHocTh DdUO YueHnasi cTeneHb, Moanucn Jara
3BaHHe

JlotieHT Crunpina J1LEO. K.J.H., JIOIIGHT

3auafme NMPUHAJI K UCITIOJTHCHUIO CTYACHT:

I'pynna [037(0) Hoanuch Jara

5A6H Munnmnna EnnsaBeta EBrenneBHa




3AJIAHUE JIJISI PA3JIEJIA
«COILIUAJIBHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna DPUO
5A6H Munumunon EnnzaBere EBrenneBHe
IIkosa Junne] Otaenenune (HOIN) 99
Yposenn BaKaHaBpI/IaT Hanpasaenue/cnenuansnocts | 13.03.02
o6pasosanusn DIEKTPOIHEPTETUKA U
anekrporexauka/D0JIA
Tema BKP:

BJ'ICKTPOHPI/IBO[I AJIst CACTEMbBI OPUEHTAIIUU KOCMHUYECKOI'0 almmaparta

Hcxonnbie nannble K pa3aeay «ConuaabHasi OTBETCTBEHHOCTDY

1. Xapakrepuctuka 00beKTa HCCIeI0BaHMS (BEIIECTBO,
Marepuall, npudop, aJropuT™M, METOINKA, padodas 30Ha) U
o0nacTu ero NpUMeHEeHUs

Obwexmom uccneoo8anus A6I1emcs
OecKkoOHmaKkmuwlil 08ucamens
NOCMOAHHO20 MOKA HA OCHOBE
NOCMOSIHHBIX MACHUMOE,
npumensieMulll 8 ooracmu
KOCMOHABMUKU OJIs CUCHeM
opuenmayuu KA

HepequL BOIIPOCOB, NOMJIC)KAIINUX UCCICAOBAHUIO, IPOCKTU

POBaHUIO U pa3paboTKe:

1. [IpaBoBbIe M OPraHU3alMOHHbIE BOMPOCHI
o0ecneyeHHns 0€30IACHOCTH:

crenMaIbHble (XapaKTepPHbIE PU
SKCIUTyaTanuu 00BEKTa UCCIEeIOBAHMS,
MIPOEKTUPYEMOI paboUeii 30HBI) IPABOBHIC
HOPMBI TPYZOBOI'O 3aKOHOIATEIbCTBA;
OpraHu3alMOHHBIC MEPOTIPUSATHUS IPU
KOMIIOHOBKE paboueii 30HBI.

— CanlluH 2.2.4.548-96

— T'OCT 12.1.003-2014 CCBT
— CH2.2.4/2.1.8.566-96

— [TOCT 12.1.038-82 CCHFT

— [T'OCT 12.1.019-2017 CChFT

2. ITpousBoacTBeHHAsI 0€30MIACHOCTD:

2.1. Ananu3 BBISIBJICHHBIX BPEIHBIX U OTIACHBIX (PaKTOPOB
2.2. O60CHOBaHUE MEPOTIPUATHH 110 CHUYKEHHIO
BO3JICUCTBUSA

Heobxo0umo
cnedyouue

B oannou  uyacmu
APOAHATUIUPOBAND
8peoHble U OnacHvle  (haKmopwi.
OMKIOHeHUe nokasameineu
MUKPOKIUMAMA, NpesbluieHUe YPOGHS.
wyma, NOBbIULEHHDI VpoeeHb
subpayuu, HeoOCMamouHbvlll YPOGeHb
0C8eUWeHHOCIU, INeKMPUYECKULl MoK,
08UIICYWUECS MEXAHUIMBI.

3. Dkojornueckas 60€30IMacHOCTD:

Ymunuzayus omxoooe npouzsoocmea
u nompeobaenus (UCMOYHUKU OMX0008
8 OKOJI03eMHOM NPOCMPAnHcmee)

4. Be3onacHOCTh B Ype3BbIYAHHBIX CUTyalMAX:

Bosmoorcnaa YC: noowcap no npuuune
KOPOMKO20 3AMbIKAHUSL.

JaTta Bblgaum 3aanus AJsl pa3jiesia no JuHeiHomy rpagpuky




3auafme BbIIAJI KOHCYJbTAHT:

JoaxuocTs [5(0) Yuenas crenenb, IMoanucy Jara
3BaHHe
Accucrear OO/] Me3zennesa U.JI.
3aualme NMPUHAJ K UCITIOJIHCHUIO CTYACHT:
I'pynna ()4 (0} Hoanuce Jara

5A6H

Munumuna Enu3asera EBreareBaa




PE®EPAT

Brimrycknas kBanudukanuonHas padbota coctout u3 84 nucToB, 16 puCyHKOB,
UCIIOJIb30BAHO 28 UCTOYHUKOB.

KmroueBpie crmoBa: cucTtemMa OpUEHTAlMM  KOCMHYECKOrO — ammapara,
UCTIOJTHUTENbHBI OpraH, JABUTaTeIb-MaXOBHK, KHHETUYECKHMH MOMEHT, MOMEHT
WHEepLMH, OECKOHTAKTHBIM JBUTATENh TIOCTOSIHHOTO TOKA, MOCTOSIHHBIE MarHUTHI.

OOBEKTOM UCCIIEIOBAHMS SIBISIETCS SJCKTPONPHBOJ CHUCTEMBl OpPHUEHTAINH
KOCMHYECKOT'0 amnmapara.

[lenpto pabOTHI SBISETCS MPOCKTHUPOBAHUE DJCKTPONPHUBOJA JJISI CHCTEMBI
OpUEHTALIMM KOCMHYECKOrO ammapara, BbIOOp OOMOTOYHBIX JaHHBIX W
MaTepuasoB, pacueT TadapUTHBIX pPa3MEPOB MaxXxOBHKa, pa3paboTKa 3CKU3HBIX
yeprexxeil aBurarens. Pacuer 3arpaT Ha MPOEKTUPOBAHME ABUTATENSI W aHAIU3
BPEIHBIX U OMACHBIX (PaKTOPOB.

B xome paboThl pemaroTcs 3adaud: aHAIW3 Pa3INYHBIX BHUJOB CHUCTEM
OpUEHTAIMA KOCMHYECKHX allapaTtoB, 0030p HCHOJIHUTEIbHBIX OPraHoB,
AJIEKTPOMATHUTHBIA pacyeT; pacyeT MapaMeTpoB 3JIEKTPONPUBOIA, pacuer
pabounx XapakTepUCTHK; pacueT paboueit 1uarpaMMbl TOCTOSTHHOTO MarHuTa.

B xome mnpoexkTHpoBaHMsS JABHUraTeNsl pPAacyeThl BBINONHSIUCH B Cpele
MateMatuyeckoro mozenupoBanus MathCad 15, paspaGotka rpadpuyeckux
MaTepuaioB MpousBoauiach B mporpamme Kommac. Pesynapraramm paboTsi
SBIISIOTCA paboune XapaKTepUCTUKH JIBUTATeNsl, €r0 3CKU3.

Crenenr BHenpeHus: BKP  BwImosiHEHO 1O  3aJaHUI0  OTACICHUS
«DNEKTPOIHEPTETUKU U DIEKTPOTEXHUKI.

OO6acTb MPUMEHEHHUS: CHCTEMa OPUEHTAIIMN KOCMUYECKOTO ammapara.
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CIIMCOK ITPUHSITHIX COKPAIIIEHUI

BbJ1 — 6ecKOMICKTOPHBIN ABUTATENb;

BJIIIT — 6eCKOHTAaKTHBIN JBUTATEIb IIOCTOSHHOI'O TOKA;
JIIP — naTumk noJIo)KEeHUsI pOTOpa;

JIIT — nBuraTens NOCTOSIHHOI'O TOKA;

MO — ncnonHuTEnbHBINA OPraH;

KA — xocmMuueckuit anmapar;

KIT — ko3¢ duiueHT moiae3Horo 1eMcTBys;

MJIC — MarHUTOABUKYILAS CUJIA,;

IIM — nocTosSsHHBIE MAarHUTHI,

T3 — TexHUYECKOE 3a]JaHNUE;

Y/IM — ynpaBasiionui JBUraTelb MaXOBUK;

D] — 3JIeKTpOABUTATENb;

OJIC — sneKkTpoABMKYIIAs CUIIA;

OM — snekTpryecKas MallnHa,

OMMUO — 351eKTpOMEXAaHUYECKHIT UCITOJTHUTENBHBIN OpraH;
OII — anexkTponpuBo;

OC — 3IeKTpPOTEXHUYECKAs CTallb;
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OB30P JIMTEPATYPbI

[Ipu HanmmMcanuy BHITYCKHON KBadU(UKAITMOHHOW pabOThl MCIOJIB30BAIACh
paznuyHas Hay4YHO-TEXHHYECKash JuTeparypa: ydeOHble NocoOusi, CTaTbu U
CIIPaBOYHBIE MAaTEPHUAJIBL.

YuebHoe mnocobue «CuCTEeMbl YNpaBieHUST KOCMHUYECKUMH amnmnapaTaMu
(UcnonHuTeNbHBIC  OpraHbl:  HA3HAYCHWE, MPHHIUN  JCHCTBUSA,  CXEMBI,
koHcTpykuust) . H. I'maneimes, B. C. Imurpues, B. . KomnbeiToB mokaspiBaet
busnueckue IPUHLUATIBI TE€HEPUPOBAHUS YIPaBIIAIOIIUX MOMEHTOB
AIEKTPOMEXAHUYECKUMHU HUCITOJIHUTENBHBIMA OpraHaMM Ha OCHOBE CHJIOBBIX
TUPOCKOIIOB U yIPAaBJISAEMBIX 10 CKOPOCTH JABUTrATEIEH-MaXOBUKOB, PACCMOTPEHBI
TEXHUYECKUE PELICHUS W BONPOCHl MPUMEHEHHUS Pa3IMYHBIX KOHCTPYKIMOHHBIX
MaTepHaJIOB JUIsl MOBBILIEHHBIX 3KCIUTyaTallMOHHBIX TpeOoBaHui. JlaHbl oOmIME
CBEICHMs 110 IPUHLMUIY JCHCTBHUS DJIEKTPOMEXAHUYECKUX MCIOJHUTEIBHBIX
OpPraHOB U I10 BOIIPOCaM IIPOEKTUPOBAHMUS.

B yueOHOM mnocobum «Pacyer MHUKpOMalIMH MOCTOSIHHOTO TOKa C
MOCTOSSHHBIMU MarHuTamu» B. A. Jludaunos, I'. H. MapmeneB, paccmaTtpuBaroTcs
pa3InYHble KOHCTPYKLUMH MAIIUH C MOCTOSHHBIMHM MATrHUTAMH, TAKXKE HMEIOTCS
PEKOMEHAAIMU 10 UX BBIOOPY. BakHON 4acThio 3TOr0 mMocoOus siBisieTcsl oOlue
BOIIPOCHl W TPAJMIIMOHHAS METOJIMKA pacyéra JJIEKTPUYECKUX MAIIUH MaJou
MOIIIHOCTH C BO30YXXJIEHHEM OT TIOCTOSHHBIX MAarHUTOB C HEKOTOPbIMU
yrouHeHusmMu. [lo naHHOMy y4eOHOMY mMOCOOHMIO OBLI TMPOM3BENCH aHAIHU3
ocHOBHbIX KOHCTpyKumi BJIIIT, npoBeaeH pacueT MarHUTHON CUCTEMBI M pabounx
XapaKTEPHUCTHK.

VYyeOHoe mocobue «lIpoexTupoBanue snekTpuyeckux MamuH» KombuioBa
N.II. KinokoBa b.K., Moposkuna B.Il., Tokapesa b.®. mnocesieHO
IPOEKTUPOBAHUIO DJIEKTPUYECKUX MAlIMH OOUIENPOMBIIUIEHHOTO MPUMEHEHUS.
JlanHoe mocoOue HCHOJB30BAIOCH ISl BBIOOpAa MaTepHasioB ISl Pa3IMYHBIX

yacreu koHcTpykuuu b/IIIT.
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BBEJAEHUE

[IepBbie B UCTOPUU CITYTHUKHU B CBSI3M C OrPAaHUYCHHBIM YPOBHEM Pa3BUTHS
TEXHUYECKOW 0a3bl HMMEIM IMPOCTOE YCTPOMCTBO U (YHKIMH, CBS3aHHBIC B
OCHOBHOM C H3MEPEHUEM MapaMeTpoOB YCIOBUM BHYTpU ammapara. Poct
TEXHUYECKOTr0 IIporpecca  CIIOCOOCTBOBAI  PACIIUPEHUIO U YTIIyOJICHHIO
KOCMHYECKUX HUCCJIEAOBAHUM, YTO BBI3BIBAJIO HEOOXOJMMOCTH PA3BUTHUS CHUCTEM
OpHUEHTALINY.

[Ipouecc u3yudeHUsT KOCMHUYECKOrO MPOCTPAHCTBA HEMPEPHIBHO CBA3aH C
COBEPILICHCTBOBAHUEM KaK CHUCTEM OPUEHTALIMM B LIEJIOM, TaK U MUCIOJIHUTEIIbHBIX
OpraHoOB, KaK »JJEMEHTOB OTHUX cHcTeM. HambOonpmui akmeHT aejaeTcs Ha
yIy4IlIeHUE 3JEKTPOIPHUBO/IA.

Lenpro naHHON paOOTHl SBISETCS NPOEKTUPOBAHHUE 3JIEKTPOJIBUIaTENs-
MaxoBuKa cucteMbl opueHTaruu KA Ha 6a3e B/IIIT ¢ mocTosHHBIMH MarHUTaMHU.
B  TexHuueckoM 3aJaHUM  TPEACTABICHBl TEXHUYECKUE XapaKTEPUCTUKHU
UCIIOJTHUTEIBLHOIO opraHa. Jyis MOCTHMXEHUsI MaHHBIX TpeOoBaHWil B pabote
MPOM3BEJCH pacyeT MaccorabapuTHBIX IapaMeTpPOB MaxOBHKa, IMapaMeTphl
OECKOHTAKTHOTO JBUTATENsl MTOCTOSIHHOTO TOKA, €ro padoune XapaKTepUCTHKHU, a
TaKke paboyas quarpaMma MarHuTa.

[HenecoobpazHocTh TEXHUYECKOTO MpOEKTa 000CHOBBIBaETCS B
DKOHOMUYECKOM  4YacTW, TA€  AaHAIM3UPYIOTCS  IUJIAHOBO-BPEMEHHBIE U
MaTepuaIbHbIC MOKA3aTEIN MPoliecca MPOSKTUPOBAHMUSI.

B paznene coumanbHash OTBETCTBEHHOCTh AHAIM3HPYIOTCS OIACHBIE U
BpeaHbIe  (PaKTOpBI, 3aTParuBarOTCSI  BONPOCHI TEXHHKH  O€30IaCHOCTH,
MPOU3BOJICTBEHHOW CaHUTApUHM, a TaKXke VYJIENAeTCs BHHMaHUE OXpaHe

OKPYXaIOIIEH CPEIbI.
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1. CUCTEMA OPUEHTAIII KOCMHNYECKOI'O AIIITAPATA

1.1. Ha3nayeHHe M COCTAB CUCTEMbI OPHEHTANIUN KOCMHYECKOT0

alnmaparta

Kocmuueckuit ammapat (KA) mpencraBisieT co00il KOMIUIEKC pa3IHYHBIX
TEXHUYECKUX YCTPOWCTB, NpEIHA3HAYCHHBIX JJsI paboThl B KOCMHYECKOM
npoctpaHcTBe. Jns obecnedyenuss 3(pdexkTuBHOM pabOThl MW  KAYECTBEHHOTO
¢yHKkmoHHpoBaHUs 3MeMeHToB KA (HampuMep, MakCHMallbHasi OCBEIICHHOCTH
COJIHEUHBIX Oarapei, HaBelICHHE OCTPOHAIPABICHHBIX AaHTEHH) Heo0Xoauma
npaBwibHas opueHTauus koprmyca KA. DOty 3amady BBINOJHSAET CHUCTEMA
OpUEHTAllMU, MyTEM KOMIIEHCAMW BO3MYILIEHUMN, NEHCTBYIOIIMX Ha amnmnapar B
TI0JIETE, a TAKXKE IIPOIPAMMHOE HAaBEJICHHE.

OcHoBHass 3ajaya OPHEHTHPOBAHUS MOJAPA3AEISAETCS Ha CIEAYIOIIHe
N0/13aJa4uH:

1. oGecnedenue 3MeKTPOIHEPTrUU OOPTOBOM armapaTyphl,
2. o0ecrneueHne CBS3Y,

3. olecneueHue 3a1a4 HaBUTALIUY,

4. obecrieyeHUE HAYYHBIX HCCIIEI0BaHUM;

5. obecrnieueHue penieHui 3a1a4 HAPOJHOTO X035 CTBA.

JIist perieHust MEpeYrcIeHHBIX BhINIE 3a7a4 BBIACISIOT JBa HANpPaBIICHUS:
YOPABJICHUE JABUKEHUEM IIEHTPAa MAcc M yIPABJICHHE ABUKEHUEM OTHOCUTEIBHO
niearpa Macc (Pucynox 1.1).

Heobxoaumyio BenuuuHY yHpaBisiolux Bo3JAeHCcTBUN 11 BbiBoga KA B
pPacyeTHYIO TOUKY IIPOCTPAHCTBA C ONPEAEIEHHON CKOPOCTHIO B 3aJaHHBI MOMEHT
BpPEMEHM 00€CTIeUMBAET YIIPABJICHUE AB)KEHUEM [IEHTpa Macc.

Tpedbyemoe yrioBoe nBmxkeHMe KA OTHOCHUTENBHO €ro IIeHTpa Macc
CO3/AI0T YIPABJISAIOLINE BO3JACHCTBUS ONPENEICHHON BEIIMYMHBI U HAIPaBJICHUS,

o0ecIIeYeHHBIC YIIpaBJICHUCM ABHKCHHA OTHOCUTCIIBHO LICHTPA MacCC.
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Cucrema
yIIpaBJIeHUs
KOCMHYECKHM
anmnaparoM

Ynpasnenue
JBHIKEHHEM
LeHTpa Macc

Vnpagnenue
JIBHIKEHHEM
OTHOCHTEJIEHO

HEHTpa Macc

Hasurauus Hasenenue Opuenrauus Cradbunuzanus

Pucynok 1.1 — OcHOBHBIE HallpaBiII€HUs CUCTEMBI yiipaBieHus KA

CucreMpl OpHUEHTAllMd MOXHO pa3JeliuTh Ha JiBa THIIA, KOTOpPbIE
XapaKTepPU3yIOT CTETICHb BHITIOIHIEMBIX ()YHKIIHIA:
® OJHOOCHBIC (OPHEHTHPYIOT TOJBKO OJHY Och KA, 1Be Apyrue ocraroTcs
MIPOW3BOJIHHBIMU);
e TpexXOCHbIC (OpUEHTAIINSA BCEX TPEX OCei).
CHUCTEeMbI MOXKHO pa3/IeNuTh MO CIOCO0Y mpriokeHus: MoMmeHTa (PucyHok -
1.2):

e AKTHBHBIC — JUUISl TIOJTYYECHHs YIIPABIISIOMIEr0O MOMEHTa pabodee Teno
OTOpachIBAaeTCS PEAKTHBHBIMU JIBUTATEISIMH WU C  [OMOIIBIO
AIIEKTPUYECKON SIHEPTUHU OT OOPTOBBIX HCTOYHUKOB;

e [laccuBHBIE  —  yNpaBISIOIIMKA  MOMEHT  MOJyYaroT  IIpHU

B3anmMozeiicTBu KA ¢ rpaBUTallMOHHBIMU M MATHUTHBIMU TIOJISIMU;
o KoMOWMHUpOBaHHBIE — YOPABIAIOIIMNA MOMEHT TIONYy4alOT HU C
MIOMOIIIbIO BHEIITHUX MOMEHTOB, U OT SHEPTUU OOPTOBBIX UCTOYHHKOB.
Hawubonee pacupoCTpaHEHHOM SIBIIAETCS AKTHUBHAs cucrema
OpUEHTalMK/CTaduIN3aluy, Tak Kak OHM Oojee 3 EKTUBHBI MPHU OTPAKEHUU

BHEITHUX BO3MYIIEHWA © Oojiee TOYHBI, HO A UX (YHKIHOHUPOBAHUS
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HEOOXOMMO 3aTpaTuTh OOJbINe dHEpruu. JlJis peanusamuu 3TOro THMA CUCTEM
MOTYT HCIOJIb30BaThCSl PEAKTUBHBIC JIBUTATEIIM WIH DJIEKTPOMEXaHUUECKUE
CUCTEMBI.

[IpenMylllecTBOM TIACCHBHBIX CHCTEM SIBIISIETCS HX KpaWlHss MPOCTOTA,
OTCYTCTBHE HCIIOJHUTEIbHBIX OPTraHOB JJIs CO3JaHUS YIPaBISIOINIMX MOMEHTOB.
CyIIecTBEHHBIM HEIOCTATKOM TAaKUX CHUCTEM SIBIISIETCA TO, YTO OHU CIIOCOOHBI
TOJBKO TOJAJIEPKUBATh HEKOTOPBIM pexuM opueHtauuu KA u He Moryr

OCYUIECTBJIATh YIPABICHUE.

CHerembl OpHEHTALHH H cTAOHIH3ALHH

| I

[TaccHBHBIE KomOuHupoBaHHbIe AKTHBHEIE
[ I
AspoanHaMuiecKne PeakTHRHEIE
| I
['paBHUTAlIHOHHBIE DneKTpoMexaHHudecKHue
| I
MarHuTHble DJeKTpoMarHuTHbIE

Crabunusauus
NaBIEHHEM
COJIHEUYHBIX .II)"'-IEH

Cradunuzanus
BpaLleHHeM

Pucynok 1.2 - Knaccuduxaryst cucteM OpHEHTAIUN U CTaOWIH3aIiu
CucTeMbl OpUEHTAITUU TaKXXe KIACCUPUIUPYIOT MO TOYHOCTH OPHUEHTAIUU:
rpyObIe, cpeHue U TouHble. B rpyObIX cucTeMax TOYHOCTh opueHTarmu 10 10°, B
CPEITHUX - €TUHUIIBI TPATYCOB, B TOUHBIX - YTJIOBBIE MUHYTHI.
CymectByer psii JAPYrUX  MPU3HAKOB, MO  KOTOPHIM  BO3MO>KHO

KJ'IaCCI/ICI)I/IHI/IpOBaTI) CUCTCMbI OpUCHTAIINH. OI[HaKO N3 OTMCUCHHOI'O CJICAYCT, YTO
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OJTHA M Ta K€ CHCTEMa OPHUEHTAIIMH 110 CBOMM TEXHHYCCKUM XapaKTCPUCTHKAM
MOXKET OBITh OTHECEHAa K HECKOJbKHM KJaccaM: aBTOMATHYCCKOW, TOYHOM,
aKTUBHOW U T.J. [8]

B Hactosiiee Bpemsi CYIIECTBYET KJIacCHYECKas CTPYKTypHas cxema
CHUCTEMbl OpPHCHTAIIMHM, KOTOpas MOXKET CTaThb OCHOBOH JUI1  MHOIHX
pa3HOOOpPA3HBIX 3ajad, pemaeMbix cucreMoi opueHTtanmuu (Pucynok - 1.3.).
braromaps Takoil CTPYKType BO MHOTHMX PEKHMBI YIPABICHUS MOXKHO
UCIIOJIb30BaTh OJTHU M TE K€ MTPUOOPHI.

Jlatauk (GopMHUpYET CHTHAJBI, TOKA3bIBAIOIINE ITOJIOXKEHHUE KOCMHYECKOTO
arrapaTta OTHOCHTEIbHO U30paHHOW CUCTEMBI KOOPJAMHAT. DTOT CUTHAJ IMOCTYIaeT
B OJIOK JIOTMKH, TJ¢ TMPOM3BOJUTCSA €ro aHaliu3, CpPaBHCHHE, HEOOXOIUMBI
MaTeMaTHYECKUE ONepalny U mpeoOpa3oBaHue B BUJ, YAOOHBIH IS TajbHEUIIIETO
UCIIOJIb30BaHusl. Ha OCHOBE MPOBEJCHHOTO aHajK3a BhIPA0ATHIBACTCS PEIICHUE O
paboTe cHUCTEeMBbI OPUEHTAIIMH B TIOCJICAYIONINE MOMEHTHI BpeMeHH. Kpome 3Tux
CUTHAJIOB, B OJIOK JIOTHMKH MOCTYMAlOT KOMAaH/BI OT JPYIMX OOPTOBBIX CHUCTEM,
KOTOPBIC JOMOJHIIOT HHPOPMAIIHIO, TOCTYNAIOIIYIO ¢ TaTYMKOB. C OJI0Ka JIOTUKH
npeoOpa3oBaHHbIC M yCHWJIEHHBIC cHTHaNBI moctymnaioT kK MO. B pesynprare mx
paboThl K KOCMHUYECKOMY ammapaTy MPUKIaJbIBAIOTCS YIPABIISIONIAE MOMEHTHI,

KOTOPbIC USMCHAIOT €TI0 YIJIOBOC ITOJIOKCHUC.

Kocsuseckmii
annapar

Baok nornkm
npeodpaoBadus 0 |,
YCHIEHHA CHIHANOR

Henonuere s s
opra-

Himepurensnoe
YCTPOMCTBO ]

boproesie
CHCTEMB

Pucynok 1.3 — CTpykTypHas cxeMa CUCeMbl OpUEHTAIIUN
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1.2. HcnoaHUTEJbHbIE OPraHbl CHCTEMbI OPUEHTALMHU

B Hacrosimee BpemMss B KaueCTBE HCIOJHUTEIBHBIX OPraHOB  JJIs
OpUCHTAIIMH, CTAOWJIM3AlUM JBWKCHHH KOCMHYECKOrO armapara HaubOoJjblee
pPacIpOCTPAHEHUE MOJYUUIIN YIIPABISIONIME IBUTATEIN-MAXOBUKH, BBITIOJIHSIOIINE
(G YHKITUU CHJIOBBIX THPOCKOIIOB IPH YCTAHOBKE X B KapJIaHOB ITOJIBEC.

JIBUraTenm-MaxoBUKU M CUJIOBBIC TMPOCKOINBI T€HEPUPYIOT YIPABISIONINE
MOMEHTBl MYTeM HU3MEHEHHUSl KOJIMYECTBA JBUKEHUSI MAaXOBUKOB M THPOCKOIIOB,
MMCIOIMX BpallalolIMecs MaxoBble MacChl. B COOTBETCTBMH C 3aKOHOM
M3MEHEHUS KUHETUYECKOTO MOMEHTA CUCTEMBI TPOUCXOIUT MPUIIOKEHUE MOMEHTA
K KOpPIyCy KOCMHUYECKOTO anmapara

Bosibiioe pactpocTpaHeHUE yIPaBISIONIUX JBUTATEIEH-MaXOBUKOB CBSI3aHO
C DKOHOMHEH, TaK KaK HET HEOOXOIMMOCTH MCIIOJB30BaTh TOIIMBO HJIM Ta3. A
TaKk)ke OHH OOJIAalOT BBICOKOM TOYHOCTBIO OPHEHTALMHM, HaJACKHOCTBIO,
AKOJIOTUYHOCTBIO U OTCYTCTBHUEM KaKHUX-JTUOO BBIOPOCOB, KOTOPHIC MPEMATCTBYIOT
UCIIPaBHOM paboTe OOPTOBOIO ONMTUUYECKOTO 000PYA0BaHUS.

[IpyHIM paGoOTHI yHPABJISIONIETO JBUTATEISA-MaxXOBHUKA 3aKJIFOYACTCS B
TeHEepaliy YIPaBIsSIONIMX MOMEHTOB MyTeM U3MEHEHUS KUHETUYECKOTO MOMEHTA
MaxoBHKa. B COOTBETCTBMHM C 3aKOHOM H3MEHECHHS KHHETHYECKOTO MOMEHTA
CHUCTEMBbI TPOUCXOAUT MPUIIOKEHUE MOMEHTA K Koprycy KA.

M=H-«a,

rae M - ynpaBisIOIIMHA MOMEHT, H - KMHETUYECKHMH MOMEHT, ¢ - YIJIOBOE
YCKOpPEHHUE.

Ha 3HayeHue ynpaBidmolIero MOMEHTa BIIUAKOT: MOMEHT HWHEPIUHU
MaxOBHKa, MOMEHT TPEHUS, CKOPOCTh BPAIICHUS U P APYTUX MapaMeTPOB.

VM HaxonaT CcBO€ NpUMEHEHHE Ha aBToMaruyeckux KA, Takux kak
CIIyTHUKH JJIsl UCCIIEIOBAHUSI IPUPOJHBIX PECYPCOB U CIYTHUKH CBSI3H, a TAKKe

Ha OTHOCHTCIIbHO JICTKHX 0p6I/ITaJ'II)HI)IX CTaHIMAX. MaxoBu4yHasi cucTema
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OpUEHTallMM TpUMEHEeHa Ha cmyTHukax «Owmera», «Meteop», «Pecypey,

«['monace» u npyrux [3, 4].

1.3. DJaekTponpuBoj cucTeMbl opueHTanun KA

B mnacrosiee Bpemsi B CBSI3M C MPOCTOTOM YIMPABICHUS U MOJy4YCHUS
SHEPIUM BpAIlllEHHE MaxXOBUKA OCYIIECTBISETCA TOJBKO AJIEKTPUUYECKUMU
nurarenssMu.  Lllupokuii nuama3oH  yIVIOBBIX CKOPOCTEM JAE€T  XOPOIIYHO
PEryJIMPOBOYHYIO0 XapaKTEPUCTHKY, TE€M CaMbIM oOOecleurMBasi KadeCTBEHHOE
ynpasieHue. [IoMUMO 3TOro, Ba)KHBIMU KPUTEPHUSIMH TaKXKe SIBISIOTCS Majble
rabapuThl U Macca, Majioe MOTpeOICHUE IHEPTUH, BHICOKA HAJIEKHOCTb.

B cBs3u ¢ 3TEIM B HacTosiiee BpeMmsi HauOOJbIIEe MPUMEHEHUE HAXOJST
OECKOHTAKTHBIM JBUTATENIb MOCTOSHHOTO TOKAa W ACHMHXPOHHBIM JBUTATENb C
KOPOTKO3aMKHYTBIM POTOPOM.

['1aBHBIM MHHYCOM TNPUMEHEHUS ACUHXPOHHBIX SIBIISIETCS HEIMHEHHOCTH
MOMEHTHO-CKOPOCTHOM  xapakTepuctuku. OHHM MOTYT HCIOJIb30BaThCsl B
AIIEKTPOMEXAHUYECKUX HCIOTHUTEIbHBIX OpraHax TOJIbKO B KOMIUIEKTE CO
CJIOHOM armapaTypoi, TOJIbKO TOT/Ia IEKTPONpuBoj padoraet ¢ Boicokum KIIJ]
U UMEET HU3KUUA MOMEHT CONpoTHUBICHUsA. HO 3TO yCIOXHSET YCTpOWCTBO U
MOBBIIIAET MACCY ANEKTPONPUBOA.

becKkOHTaKTHBIN JBUTATENIb IMOCTOSHHOTO TOKAa HMMEET BBICOKHE pabouune
XapaKTePUCTHUKH, a TAKXKE SABISACTCS OJHOM M3 HAWTYUIIUX MAIlIUH B IHANA30HE OT
MajblX 1O CpeOHUX MoIIHOCTe. [IpM 3TOM OH HMMEIT [TOBOJIBHO MPOCTYIO
KOHCTPYKIIMIO, & MEXaHUYECKUE XapaKTEPUCTUKH JKECTKUE U JOBOJIHHO HAJICIKHBI.
Bbicokux 3aTpaT 3HEpPTUM NpH MyCKe HE TpeOyeTcs.

HocrouncrBa B/IIIT:

o [llupoxkuii muama3zoH peryJIupoBaHus YaCTOThI BpaIllCHUS;
e Bricokoe ObICTpOEHCTBYS;

e (OueHb BBICOKASA TOYHOCTH ITOJIOKCHUA,
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Henoporoe Texunueckoe 00CiTyKUBaHUE;

B3pbiBoCTOIKHIT OOBEKT;
e YCTOMYMBOCTB K CUJIbHBIM II€pErpy3KaM;
e He neperpeBaercs npu JuMTenbHON padoTe.
BJIIT nmeer Tak:ke HEKOTOPBIE HENOCTATKHU:
e CJO0XHOCTb B YIIPABJICHUU JBUTATEIIEM;
e BpICOKas CTOMMOCTb IOCTOSIHHBIX MATHUTOB B KOHCTPYKLIMHU POTOPA.

Portop, coennHeHHBI ¢ MAaXOBUKOM, BBITIOJHIET ()YHKIIUIO MaXOBOW MacChl
B BJIIIT. TopMo3Hble MOMEHTBI CTaparOTCs CHU3UTh  MAaKCUMAJIBHO.
DNEeKTpoABUTATENh CIOCOOEH O00eCeuynTh PEBEPCUBHOE BpaIllEHUE pPOTOpa-
MaxOBHMKa, a TaKXe €ro TOpMOXeHue. Bpamarommii (ynpaBisironiuil) MOMEHT
MOYET IUJIABHO MEHATBCA B COOTBETCTBUM C CHUTHAJIOM YIIPABJIEHUS, KOTOPBIN
MIOJAETCS HAa BXOJ ABUTATENA-MaXOBHUKA.

Jiis  obecrnedeHusl  3alIUTHl  3JEKTPONPHUBOJA OT  MEXAHUYECKHUX
BO3JCUCTBUN, pPAAUALMOHHOTO M3JIyYEHHS U  BO3ACUCTBUSA  TEMIIEPaTyphbl
KOHCTPYKIIMM ITPOEKTUPYIOTCS KECTKUMH, 3aKpbIBAIOTCA KOXKyxaMu. [lns
oOecreyeHus1 KaYeCTBEHHOW CBapKH IIBOB U TEPMUYECKON MPOBOANUMOCTH, KOPITYC

MOJKCT IMOKPBIBATHCA 30JI0TOM.

1.4. Koucrpykuusi u npunuun aeiicrsus B/IT

BJAIIT no npuHuumy AEUCTBUS MpPEACTaBIAeT cOOON MalIMHY MOCTOSIHHOTO
TOKa, B KOTOPOM POTOP SBIJISIETCSI HHIYKTOPOM, a SIKOPHasi 0OMOTKa HaXOAMUTCS Ha
crarope. DOYHKUHMIO KOJUIEKTOPHOIO Yy3JIa BBIIOJHAECT IOJYyIPOBOIHUKOBBIN
KoMMyTaTop. OH MUTAET SIKOPHbIE OOMOTKH U U3MEHSET MOJIOKEHUE POTOPA.

B pesynaprare peakuMM MarHMTHBIX IIOTOKOB OT CTaTopa W poTOpa
MOSIBJISICTCS. MOMEHT. POTOp C TMOCTOSHHBIMMU MarHuTamMu W3MEHSET CBOE
IIOJIOKEHWE MOJ JEHCTBUEM MATrHUTHOTO IIOTOKA CTaToOpa, CTPEMSCh K TOMY,

YTOOBI HMX TOTOKH COBIIAJaJIN II0 HAIIPABJICHHUIO. MaxkcuManbHBIE MOMEHT
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BpAIICHUS] COOTBETCTBYET IMOJIOKEHHUIO JIEKTPUYECKOro yria B nuarnazone 90+30
rpay1yCcoB, KOTOPBIM TOCTUTAETCS C MOMOIIBIO JATYMKOB MOJOKEHHUS HA POTOPE.
HaunGonbwee pacnpoctpanenue B BJIIT nmomyumnn MarHUTHBIE CUCTEMBI C
BHEIIHUM PacCIOJIOKEHUEM SIKOpsM BpamawomumMes uHaykropom. HO Takxke
BO3MOXHBI B CHELHUAIBHBIX ciay4dasx KOHCTpykuuu bBJIIIT ¢ HenoaBukHBIM

BHYTPCHHHM AKOPCM M BHCIIHUM BPalllalOIIUMCI HHAYKTOPOM.

a)

Pucynok 1.5 - Paznuunsie koHCTpyKItuu potopa bJIIT

NHayKTOp SIEKTPUUECKUX MAIIIUH C TOCTOSTHHBIMUA MarHUTaMu MO€E UMETh
pazmuHyo GopMy B 3aBUCUMOCTH OT ycinoBui. [y mammH MomHocThIo 10 50-60
Bt npumenstor uunuHapuyeckue wMarHuthl (Pucynok 1.5a). Takke wyacto
WHJYKTOP BBINOJHSAETCS B BUJIE 3BE3JI0YKU C SPKO BBIPAXKEHHBIMHU MOJIOCAMU
O€3IMOTIOCHBIX HAKOHEYHUKOB. TakoW WHIYKTOP MOXET ObIThb KaK MOHOJUTHBIN
(Pucynok 1.5B), tak u cocraBHbiM (Pucynok 1.5r). Bo3MoxHO wucmnosHeHHE

COCTaBHOT'O MHJIYKTOPA C MPU3MATUYECKUMH MOCTOSTHHBIMU MarHutamu (Pucynox

1.51) [2].
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2. QJIEKTPOJABUTI'ATE/Ib-MAXOBHUK

2.1. MaxoBHuK

TpeOyembriii kuHeTndecknii MoMeHT paBHbI H=0,25 HMc co3maetr MaxoBuK,
KOTOPBIN COCTOUT U3 CIAEAYIOLIUX YaCTEH:

1. O6ox (BeIHECCH HA MAKCHMAJIBHBIN pajnyc);

2. Crynuna (¢ moMOIIbI0 KOTOPO# OCYIIECTBIISIETCS IOCAAKa Ha Ba);

3. Inadparma (cBsi3piBacT 000/ M CTYIIHILY).

MaxoBUKH  MOTYT HUMETh  pa3HooOpasHyio  ¢opmy. Paznuunbie

KOHCTPYKTUBHBIE ()OPMBI TIPEICTABIICHBI Ha pucyHKe 2.1.

° g 0

Vil g W22 22
b 2

Pucnok 2.1 — ®opMbl KOHCTPYKIIMH MaXOBUKOB

Boibupas ¢opmy MaxoBHKa pEKOMEHAYyeTcsl COOJI0IaTh CIEAYIOIIHe
TpeboBanus [5]:
1. OnTtumanbHOE COYETaHME MacChbl W pPa3MepoOB MaxXxOBHKa IS
NOJTy4eHus! TpeOyeMOro MOMEHTa HHEPIUY;
2. MuHuMasbHbIE pa3Mephl IBUraTelNsi-MaX0BUKa;
3. MuHHMManbHBIC YTIIBI OTKJIOHEHHS PaMOK TI0IBECa;

4. MuHUMaIbHBIA MOMEHT a3pOANHAMUYECKUN MOMEHT.
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Camast sporoHomuyHas (GopMa MaxoBHKa MOJ MyHKTOM 0. DTta ¢opma
MI03BOJIUT YMEHBIIIUTH Ta0APUTHBIE pa3MePhl IBUTATEIISI-MaX0BUKA, CIIEC0BATCIIBHO

KOHCTPYKIUS ABUTaTCIII-MaXOBHUKa CTAHCT 0oJjiee KOMIIAKTHOM.

2.2. DJIeKTPONPHUBO/J JABUIraTEJIA-MaX0OBHKA

DNEKTPONPUBOJT TIPEACTABISIET COO00M (PYHKIIMOHAIBHBINA y3€J, KOTOPBI

COCTOHUT H3:
1. Dnexrponsurarens (D) ;
2. JlaTtumka nonoxkeHus potopa (AI1P).

B kauecTBe 3ieKTpoJBHraressi MCIHONb3YyeTCs OCCKOHTAKTHBIN JBUTATENb
noctosiHHoro Toka (BIIT). IlpeuMymiecTBa JaHHOTO THIIA B3JIEKTPOIABUTATEIS
nepeyvrcieHsl B riase 1.3.

Hatuuk mnonoxenus poropa (HAIIP) — »snemMeHT 3AeKTpoNnpuBOAA,
IIO3BOJIAIOLIUI ONIPEACIIUTD OJIOKEHNUE POTOPA IIEKTPUUECKON MAIIUHBI.

C nomoipio MHPOPMALIMK O TMOJOKEHUH poTopa, nonydeHHoil ot JIIP,
IIPOUCXOUT YIIPABICHUE JIEKTPOJABUIATENIEM U dJIeKTporeHeparopamu [1].

CyiecTByIOT paznuuabie Bubl I1P:

- MarHuTOMHAYKIMOHHBIA (T.. B KaueCcTBE JaTYMKa HCIOJIb3YIOTCS
CWJIOBBIE KaTyIIKH, @ HTHOTA JI0NOJIHUTEIbHbIE OOMOTKN);

- Maruautosnektpuueckuii (maTuuk XoJa);

- OnrosnexTpudeckuii (CBeTo M0 1-POTOIUO, CBETOAHOA-(HOTOTPAH3UCTOP,
CBETOIUO-(POTOTUPHUCTOP).

[IpeumymecrBaMu MarHUTOMHAYKIUMOHHBIM JIIIP  sBisgerca Xxopouiee
COTJIACOBAHHME CO CXEMOM KOMMYTaTopa, 00eCIeuynBatOT HEOOXOIUMYIO BBIXOAHYIO
MOIIHOCTh M TaJbBaHWYECKYIO pa3BsA3Ky BBIXOJHBIX CHUTHAJIOB, IPOCTHl B
U3rOTOBJIEHUH, OOECIEeUnBalOT pabOTy B LIMPOKOM JUANa30HE HW3MEHEHUS
TEMIIEPATyp U JABJICHUS, A TAK)KE B YCIOBUSIX MOBBIIICHHON BJIAKHOCTH.

Onrosnexrpuueckuit ~ JIITP NPEANOYTHTEIICH TPU  HEO0OXOIUMOCTH

oOecrieyeHus:  BBICOKOTO  OBICTPOAEHCTBUSA, MallbIX PpPa3MEPOB,  XOpoLIEiH

25



YyBCTBUTEIBHOCTH K CBETY, MHHHUMAJbHOW UYBCTBUTEIBHOCTH K H3MEHEHUIO
Temneparypbl. Ho ciemyer yduThIbiBaTh OTpHUIIATEIbHBINA (DAKTOP — OTpaHUYCHUS
o JAuana3oHy pabouuMx TeMmMmeparyp, BpeMeHH paboTel M MOTPEOICHUIO
AIIEKTPUYECKON IHEPTHUH.

Marnutosnexktpuueckuid [P npencraBnser coboit  nmaruuk  XoJsuia.
[TocTositHHBIE MarHUTHI YCTAHOBJICHHBIE HA POTOPE CO3JAIOT MarHUTHOE MOJie, Ha
KOTOpOE pearupyer AaTyuk Xosuia. /laTuuKy CUMTHIBAIOT YIJIOBYIO MO3UIUIO BaJia
U TepefalT 3Ty HHGPOpMAIMIO CXeMe YIpaBieHHs, KoTopas oOecreduBaet
CBOEBPEMEHHOE OTIHpaHHE M 3alupaHUe CHJIOBBIX KIIOUEH 3JIEKTPOHHOTO

KOMMYyTaTopa 0OMOTOK CTaTopa.

2.3. BbiOop MarHuToB

[TocTosiHHBIE MAarHUTHI U3TOTABIMBAIOTCS U3 MArHUTOTBEPJBIX MATEPUATIOB
C IIMPOKOW TMETJIeHd THUCTEpEe3nuca W MAJIOW MAarHUTHPU IPOHUIIAEMOCTBIO.
OCHOBHOM XapaKTEPUCTUKOU SIBISACTCS KpUBas pa3MarHUYUMBaHUS, KOTOpas
SIBJISIETCSL YACThIO MIETJIU TUCTEPE3HCca, a UMEHHO BO BTOPOM KBaJIpaHTE.

Ha JTAHHBIN MOMEHT HaubOoJee IMPOKOE IIPUMEHEHUEB
MarHUTORJIEKTPUYECKHUX JBUTATEIsX Hanumi MarHuThl cruraBoB Al-Ni-Co-Fe, Nd-
Fe-B u Sm-Co. ®eppurossie cruiaBel Fe-Ni, Fe-Ni-Co u OapueBbie (heppuThI
IIUPOKO UCIIOIB30BAIMCH B OTEUECTBEHHON MPOMBIIIJICHHOCTH. B aBHallMOHHBIX U
TPAKTOPHBIX TE€HEpaTopax MPUMEHSIOTCS JO CHUX MOP AHU30TPONHBIE CIUIABHI,
paspaborannslie eme B 60-x rogax - FOHJIK24, FOHJIK40T8 u npyrue. Ho B cBsi3m
C Ppa3BUTHEM TEXHOJIOTUW W TIOABJICHUS 0O0JIeE COBPEMEHHBIX CIUIABOB
BBICOOHEPIeTHUYECKUX MAarHUTHBIX MatepuasioB Nd-Fe-B, wumeromux mydmme
MarHUTHbBIE XapaKTEPUCTUKN, AaHU30TPOITHbBIE CIIJIABBIUCIOJB3YIOTCS PEKE.

B sTOoM TexHMUEeCKOM MpPOEKTe ObUIO PEIIeHO HCIOJb30BaTh MATHUTHI U3
crmiaBa Sm-Co, Tak Kak YCIOBHS SKCIUTyaTalldd SJEKTPOINPUBOJIA CUCTEMBI

OpUCHTAIHUUN SABJIAIOTCA KpaﬁHC CIIOKHBIMHU. MarHuThl JOJIKHBI BBIACPKHNBATDH KaK
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HKCTPEMATBHO HHU3KHE, TaK M JIKCTPEMAIBHO BBICOKHE TEMIIEPATYphl, a TaKkKe
HMOHM3HPYIOIIee KOCMUYECKOE U3ITyUeHHE.

brnarogaps peako3emenbHOMY MeETaly camapuio, HW3JAeIue oOpeTaer
HEBEPOSITHYI0 MOIIHOCTb. B  ONpeAeNeHHbIX YyCIOBUAX pabdOThl MAarHuT
caMapHWeBBI JakKe MPEBOCXOAUT CaMble MOIIHBIC HEOAWMBL. MarHHUTHI
BBIMTYCKAIOT, WCXOJA W3 JIByX OCHOBHBIX XuMHUeckux (opmyn — SmCo5 u
Sm2Col17, onn o061anar0T BBICOKUMHU MArHUTHBIMH CBOWCTBaMHU, CPaBHUMOH C
HEOJUMOBBIMU MarHutamu. VMmerorT Oosee BBICOKYIO pabouyro TeMIieparypy,
nopsiakoM 350°C. CamapueBble MarHUThl MOKHO MCIOJIb30BaTh B arpeCCHUBHBIX
KOPO3UWMHBIX cpemax, a Takke Camapuii-ko0aabTOBBIE MarHUTH OO0IaTa0T
BUOPAIIMOHHON, XMMUYECKOM, MAarHUTHON M BPEMEHHOW yCTOMYUBOCTBIO.

JlaHHBIM BUJI MAarHUTOB Hallel MPUMEHEHHUE B KOCMHYECKOW OTpaciu, a B
OOBIYHOW TPOMBIIINIEHHOCTH 4Yalle BCETO HE HWCIOJb3yeTcs. biaromapss cBoum
MPEMYIECTBAM MX HMCIOJB3YIOT B JIBUTATENSAX, PA3IUYHBIX CEHCOPAaX MU JPYTHUX
YCTPOMCTBAX.

IIpeumymecrna:

o Temmneparypusiii pexum - oT -60 mo +350 °C, B sTUx mpeaenax
MAarHuT HE TepsSeT CBOMX MArHUTHBIX CBOWCTB. [lomHas moTeps
MarHUTHBIX CBOMCTB - mpumMepHo npu 800°C ;

e He moaBepkeH KOppO3UM W HE HYXKAACTCSI B JIOMOJHUTEIHLHOM
MOKPBITUY;

e (Cmnas jerok B 00paboTke, Jerko npuaaTh Jirodyro Gopmy.

Henocratku:

e BriCOKas CTOMMOCTh 3a CUET PEIKO3EMEIbHBIX MAaTEPHAIOB —
camapus W KoOanbTa, TPOLECC OYUCTKH KOTOPBIX OYCHBb
JOPOTOCTOSIIINH;

e (OueHb XpynKue.
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3. PACUETHASA YACTbD

HauanbHble jaHHbIC 1714 pacyeTa:

1. Hanpspxenue nutanus 27 B;

2. Ilotpebnsiemast momHOCTh He Oosee 10 Br;
3. Kunetnueckuii Moment H= 0,25 Hwmc;

4. CkopocTtsb Bpaiienus maxoBuka 12000 06/MuH.

3.1. Pacyer mapamMeTpoB MaxOBHKAa

JlanHble AJ1s paccueTa npeJicTaBieHbl B Taduuiie 1.

Tabnmuna 1 — HauaneHble TaHHBIE IS pacyeTa mapaMeTpoB MaxoBUKa

HauvanbHbie JaHHBIC

Kunnetnueckuit MomeHT, Hmc 0,25

V nenpHast Macca, Kr/m> 7700
CkopocTh BpalieHus MaxoBuKa, 00/ MUH 12000
CKopocCThb BpallleHHus MaxOBUKa, paj/c 1256,64
MOMEHT HHEPLUH, KT - M? 0,00019894

JIns pacdyera MaxoBHKa HEOOXOJMMO MEPBOHAYAIBLHO ONPEACIUTh MOMEHT
uHepiuu [6]:

_H
J—Q,

rae H - kunetnueckuid MOMEHT, 2 - CKOPOCTh BpallleHUsI MaXOBHKA.

0,25

I = 125664

=0,0001989x2 - m?.

Marepuan MaxoBuka BeiOupaem craiib X12MO.

Onpenenum guaMetp 000/1a MaxoBHKa 10 GhopmyJie:

0,25
D:2-£ 2-] j :2.[ 2-0,0001989

0,25
~0,077.x,
77N 7[‘7700’0,0074] M

FJ:[G}/:7700KF/M3 yAenbHas Macca CTajd, J- MOMEHT MHEPIUU MaXOBHKA,

h - BeIcOTa 00012 MaXOBHKA.
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BryTpennuit pagnyc MaxoBHKa BEIYHCIIACTCS 110 GOpMYyJIE:

r=Regfl-— Y -0,039-41- 0.00019894 __g 029,
0,5-7-7-h-R 0,5-7-7700-0,0074-0,039

rie R — HapyXHBIN pagnyc MaXOBHKa U paBeH R = % =0,039m,

Tonmmuaa 00012 MaxoBUKa:
R—r=0,039-0,029=0,01,

Macca MaxoOBUKa MOYKET COCTaBJISITh MOJIOBUHY OT MACChl BCEM KOHCTPYKIIUU.

Paccunuraem maccy MmaxoBuka. @opmysia HaX0XICHHUS MacChl 000/1a MaXOBHKA:
m=zx-y-h-(R*=r?)=7-7700-0,0074-(0,39° —0,29°) =0,121xe,

OCHOBHOWM  MPOYHOCTHOM  XapaKTEpPUCTUKOM  MaxOBUKOB  SIBIIETCS
MeXaHU4ecKas MPOYHOCTh 0007a MaxoBuka. OHA OmpeneNnsieTcs yepe3 yrioBYIO
CKOpPOCTb U pa3MepPbl MAXOBHUKA U OMKUCHIBAETCS COOTHOLICHUEM

o= y-Q*-R® 7700-1256,64° 0,397

=1,85-10°I1a,
g 9,8

rae g = 9,8m/c? - yckopeHue cBOOOJHOTO MaeHHUs.

Jlns  ucnonb3dyemMoro wmarepuaia wmaxoBuka (ctans  X12M®) npenen
NPOYHOCTH  cocTaBiseT mnpudaumsutenbHo 800 MlIla, 4YTOo 3HAYMUTEIHBHO
MIPEBOCXOAMUT TIOJYYCHHBINH PE3yibTaT. ITO 3HAYUT, YTO MAaXOBHUK YIOBJICTBOPSCT

TpeOOBAHMSIM MO MTPOYHOCTH.

Ta6muma 2 - [TapameTpsl MaxoBHKa

[Tapametp 3HaueHue

MoMeHT uHepuuHu J, k2 - m? 0,00019894
Hapy>xHsrit paguyc R, m 0,039
BryTtpennwuii paguyc r, m 0,029
Bricora o6oma h, m 0,0074
Macca maxoBHKa M, KT 0,121
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3.2. Pacuer BAIIT
B kauecTBe Marepuana mMarauTa ObL BHIOpAH camapuii KOOAJIbTOBBIN CILJIaB

KC37 co cnenyromumMu napaMeTpamu:
e (OcrarouHast UHAYKLIMS MaTepuana marauta: Br = 0,77 T,

e KoopuutusHas cuia matepuana marauta: Hc = 1300000 A/m;

e PeBepcuBHas MPOHMIIAEMOCTh MaTepraia Maraura: p = 8,3 10—6 I'/m.

3.2.1. Onpenesienue ocHoBHbIX pa3mepoB B/IIIT

Hpe,ZIBapI/ITeJILHO OIIPCACIIACM SJICKTPOMArHMTHYIO MOIITHOCTD:

1+7n 1+0,6
P,==—+P, = —10=11,33Bm
=0 270 0=11,33Bm,

rae 77= 0,6 - KIIJl nBurarens, onpenensemslii no pucyHky 3.1, P, - nonesnas

MOITHOCTH HA Bally.

[Tap momrocoB:
60-f 60-400
n 12000

a‘a :zﬂ . MW |
< §® g
N :\%&“%&\\\N‘\

a F——

B A N W Y/
¢ M wl 00 W W & ()

Pucynoxk 3.1 — 3aBucucmocts KIIJ[ OT mone3Hoit MOITHOCTH Ha Balyh

Cpenuee 3nauenune DJ1C nBurarens npeaBapUTEIbLHO OMPELIEM UCXOAs U3

BBIPA’KCHUA BHCKTpOMaFHHTHOﬁ MOIIIHOCTH.
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_1+n,, _1+0,6 55 _
E., = 5 U= 5 27=212,

CpenHee 3HaYEHHE TOKA:

P, 1333

»~E, 216

=0,6174,

JlelicTByIOIIEE 3HAUEHHUE TOKA:
U =U-AU, =27-0,5=26,58,

rne AU, =0,5B, - najgeHne HanpsHDKEHUS Ha KOMMYTHPYIOIIEM DJIEMEHTE

2
E. E. ?
1+ko[u’-”J ~2-2 \/1+1,04£21’6] _p216

U 26,5 26,5
Ky = = =1333,
1_ E., 1— 21,6
U’ 26,5

e k0 =104,
|, =Kg-1,=133-0,617=0,8234,
OnpenendM MAalIMHHYIO [OCTOSHHYIO, [UIS 3TOTO  IPEIBAPUTEIHHO

onpcacinM HHAYKOWUIO B BO3AYINHOM 3a30pC. I[J'ISI }IBHF&TCHCﬁ C BHYTPCHHUM

WHIYKTOPOM B (hOpME IMUITUHIPA UHTYKITHS

5 _KeB 2P(1-\1-k,,)_0,657-0,77 2:100—\I-0,75) _ saqr
57K o 115 0,77-314 !

’
(o}

rae k; =0,98- Vp = 0,657 - K03 GdHUIMEHT HCIOIL30BAaHUS OCTATOYHOMN
WHTYKIIAH, Yy =0,45 - KodppurreHT dbopmbl KpUBOM
pazmaranuuBanus; B, =0,777 - OCTaTOYHAs VHIYKIUS Marepuana
marauta; K,, =0,75- ko3 duIMEeHT  3aMOJIHEHUS  TOMEPEYHOrO  CCUCHUS
uHIyKTOpa MarHutoMm; K, =115 - xo3dduumeHT MarHUTHOTO paccesiHus

uHaykropa;, a; =11-a=0,77, - ko3ddunueHT pacueTHON MONIOCHON IyTH, TIE

a =0,7 - k03P HUITUEHT TTOJIFOCHOU TyTH.
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JluHeiiHast Harpy3Ka BeIOHpaeTcs Mo kpuBbiM (Pucynok 3.2):

A4=610°2
M
R
A/MI T !: | '
xt0® | | 1

- |
| | i‘
o “_@,___m____.?__., B S S

i . = S @ Bs
‘ : I @ A

ey (D Bs
THIEIA (M A

R

R

1

<
!
e

A
: g fong @ Bm
TR R R T R
Pucynok 3.2
MamuvHHast TOCTOSIHHAS:
C = k 6 -—58 6 =5,38-10°%,
—o6. 0,75——--1-0,77-0,488-6-10°
0,75 kg kK osBsA 133

rne K ,=0,88- oOmorounslii kodpdumuent; k =1 - koddduuuent,

yLII/ITBIBaI-OIIII/Iﬁ BJIMAHUC MHAYKTUBHOCTH.

[Ipu wmomuoct Menbiie 100BT BO3AyHIHBINA 3a30p MEXAY SKOPEM U

MOJIFOCOM MHJIYKTOpaA:

5, =0,2-10"x,

_3‘
D, = \/CmPgM i/ 538:10°-13335 _ o os

3 =
Z.xk.n \0,74-0,495.1.12.10°
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ko6

k

rne y =0,75-2-=0,495, A, =0,74- KOHCTPYKTUBHBIA KOIDPUITHECHT.

g
Pacuérnas mimHa sikopsi:
l;=4.D,=0,74-0,03=0,019,
JlelicTBUTENIbHAS IUIMHA TTAKETa SIKOPSL:
|, =0,9-1,=0,9-0,019=0,0171,
OxkpyrisieM pacdeTHbIe 3HAa4YeHUsS 10 ONMKaAWIINX CTaHJAPTHBIX YHCEeT

I'OCTa 6636-69 - D,=0,025m; |, =0,02m [7].

3.2.2. O6MoTKA SIKOPSI

Yucno ma3oB Ha Noioc U ¢azy (CeKNIuIo) MpuHUMAeTcs B mpenenax =1+4.
[Tpu ymncne map MoOCOB P=2 PEKOMEHIyeTCs IPUHUMATH (=4,
Yuciio ma3oB AKoOpsA
Z=pmq=2-3-4=24,
rae M - Yuciio CeKUUd OOMOTKH SIKOPSI.

[lomrocHoe nenenue

T=71- D, :3,14-%20,02.
2-p 22

IToTOK B BO3yIITHOM 3a30p€ IPU CUHYCOUIAJIBHOM PacCIpeieICHUU
®=a, B;-l;,-t=0,77-0,488-0,019-0,02=1,384-10"* Bo,
Uucno BUTKOB CEKIMKA MNpu  oaHomosynepuoaHo  120-rpagycHoi
KOMMYTAlMU U CUHYCOUJATIBHOM I10JIE

o 1L5E, 11,5-21,6 _
pnk @ 2-12000-0,88-1,384-10"

1 1

[Tpuaumaem W =_85.

Ipesensl MIOTHOCTH TOKA B OOMOTKe sikopss j, =4+94/ mm® |, KoTOpBIE

TIOJTydeHbl OCHOBBIBASCH HA OIbITE MpoeKTHpoBanus. [Ipuaumaem j, =84/ mm’.

JlelcTBytO1IIeE 3HAYCHNUE TOKA CEKIINU
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lgy = 1y 0828 _ 4754,

NI

Ceuenue npoBoga 0OMOTKH SIKOPS
.
q, = —SH — 0,059,
Ja
Bribupaem wmemnbiii mpoBox IT195UN/[2-200-MOK 0,280 TY 16.K71-250-95,
YUUTBIBas IKTPEMAIIbHBIC YCIOBUAPAOOTHI B KOCMOCE.
— Temneparypa OKpyX aromiel cpeibl, HUKHUHN mpeaen -60°C;
— Temmneparypnsriii uaaekc 200 (H) °C;
— TepmomiacTU4HBIN MOTOK 320°C.

CeueHue ¥ TMaMETP U30JIUPOAHHOTO MTPOBOIA OOMOTKH

d, =0,28x,

zd?  314.0,28

4, =0,062mn°.
4

3.2.3. I1a30B0-3y01I0Basi 30HA ¥ CIMHKA SIKOPS

[Taker sikopst BJAIIT naOupaercs W3 JTUCTOB JIIEKTPOTEXHUYECKOW CTamu
Mapku 344,

B kauecTBe MCXOIHOW BEJIWYUHBI ONPEIEICHUS] PAa3MEPOB Ma30BO-3yOII0BOM
30HBI CITY’KHT IUIONIAb Na3a:

w-q,, -10° 66-0,062-10°°
p-q-k, 2-4-0,4

Q = =1,636-10"°x",

rae K,, =0,4 - koapdunmeHT 3anoTHeHus Ma3a H30JIMPOBAHHBIM MPOBOOM.

3y0110BO€ JIeTIEHUE TI0 OKPY>KHOCTHU SIKOPSI:
z-D, 314-0,025
Z 24

[Mupuna 3y6ma B ciydae TpaneueuaaabHou GopmBbl:

=3,272-10°,

t:l:
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B, t, _0,488-1,295-10°

b, =
* B, -k, 1,4-0,88

=1,295-10"° u

rae B, =1,4T - nanyxiusa B 3ybue, K. =0,88 - xosdduiuent 3zanomneHus
sKkops cTanko. Illupuna 3y61a cooTBeTCTBYET yenopusam b, >1-107°,

OCHOBHBIE pa3Mephl 11a3a HAPYKHOrO SKOPA. TpanenrongaibHbII

Ima3s.

7r(D +2h,+2h,) 3,14(0,025+2-0,4-10° +2-0,3-10

24
4.314

-3
=-1166-10"° + ) =2,161-10"u,

=2,35-10"m,

b, _\/b1 Q \/(2161 10°)* +1,636-10°°

h, = bl +h,+h, = 2116?16236'21%5 g7 +04:107+0,3-10°=1,425.10°x,
+h, ,161-10™ + 2,35-

riue hyc =0,4-10°m BbIcOTa ycuka, h_ =0,3-10%u - rTommmHA KIMHA,

BBIIIOJIHEHHOT'O U3 3JIEKTPOKaPTOHA.
BricoTa cimHKH SKOPS

n__ @ 1384.10°
® 2.B,-l,-k, 2-11.0,019-0,88

c

=3,808-107 u,

rae B, =L1T - nnayKums B CIMHKE SKOPSI.

Hapy>xHblii 1naMeTp nmakera sikopsi:

D, =D, +2(h, +h,)=0,025+2(1,425-10"° + 3,808 -10 %) = 0,035.1.
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Pucynok 3.3 - [1a3 sikops

g
P

-

s

s

Pucynoxk 3.4 - [1a3 sixops ¢ uzonsuei

3.2.4. IlapaMeTpbl 00MOTKHU SIKOPS ¥ BLIOOP KOMMYTHPYIOIIUX 3J1€MEHTOB

[TontocHOE eneHre, OTHECEHHOE K CPEAHEMY THAMETPY:

_ _(D.+h) _0025+1425-10°
T 2p 2.2

=0,021,

Cpennuii tuameTp
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D, =D, +h, =0,026,
JlnrHa 1000BOM YacTH MOJYBUTKA:
|, =14k, 7,,=14-1-0,021=0,029.x,
Cpennsisi AJIMHA CBUTKA CEKIIMA OOMOTKH SIKOPSI:
I, =2(l; +1,)=2(0,019 + 0,029) = 0,096.1,

AKTHUBHOE COIMPOTUBJICHUC CCKINU:

=k, Wl g 3g85°00% 547
57q,, 57-0,062
rae kQ =1+0, 004(tIO -20)=1,38 — ko3 purmeHT YBEITUYCHUS

COTIPOTHUBJICHUSI OOMOTKHU MPHU MOBBIIEHUH TeMiiepaTypsl oT 20°C 10 pacyeTHOro

sHavenns t, =115°C ([na knacca uzonsmu F u H),
CymMmapHasi MarHATHasI TPOBOIUMOCTb
Y A=A, +A,+A,,
Koropas BxitouaeT B cedst
— MPOBOJUMOCTH ITA30BOT0 PACCETHUS

0,021=0,125,

A h, K h, 3h h, 1,938-10 ° 0,35-10 ° 3-0,326-10 ° 0,4-10°°
WS Kt T o K = ket 5t -3 <t 4
3 7 | b b+2h, b, | 3.1017-10 1917-10° 1,917-10°12-342.10 ¢  3,42-10

1
raek,, = £=0,021 k, =+T'B=0,265,bm _(d_-2Au+0,2)-10° =3,42.10,

— HPOBOIUMOCTD PACCCAHUA JJOOOBBIX YacTel

A, = o,34|ﬂ(lﬂ6 —0,647) :0,340(%(0,072 —0,64-0,021-0,047) = 4,405,

o ]

— TIPOBOJMMOCTH MHAYKTOpPA B (hopMe MUUTHHAPA

6
A, =0,6L—0,6. 2310

— = 3,965,
P4y 4-1,256-10 °

DY A=A, +A,+A,=0,097+2,072+1,982=4,151,

NHyKiust ceKIuu 0OMOTKHU SIKOPSI

37



WAl
Pq

Omnpenenus napameTpbl 0OOMOTKH SIKOPS, IPOBEPUM CpEIHEE 3HAYEHUE TOKA

2
85 -0.019 _ 1007w,

L =24, Z:A:2-1,256-10_6 4,151

JABUTaTCIIA

U-(E_ +AU _
| - (E, K):27 (21,6+0,5):0’716A’
P R 6,393

rie R=2-1=6,3930m aKTHUBHOE CONPOTHUBIICHUE

bazoBas CKOPOCTb BpalllICHUA

n, = 115U, 115.27 =1,326-1006 / mun,

“w-p-k, @ 85.2.1.1384-10 *

 _ban, _1-314-1211.10°
© 30 30

TakTHOCTh KOMMYTAIUH

=1,268-10° pao / c,

m=m, =4,
L =L=0,1097%,

60 60
TM = N = 3
pnm  2.12-10°-4
L, 0,109

7, =—=—""2-0,017,
R 6,393

=6,25-107",

T 6,25-10°
ﬂ — M —
T 0,061

S

=0,037,

Jlnst  BbIOOpa KOMMYTHPYIOIIMX JJIEMEHTOB HEOOXOJAUMO  yYHMTHIBATh

MAaKCHMAaJbHO BP3MOKHbIE TOKH MamunHbl. /(s pesepcuBHoro B/IIT:

U+c-E
? _AU. 27+1,209-21,6 05

Imax = & = 2 = 8,152A,
l 3,197
27 .
rne c =—==1,209, a, - yncno nocieoBaTeNbHO COEAUHEHHBIX CEKIIUH.
33
U =U.

K
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Bri6upaem tum TpaH3UCTOPOB /JIsi KOMMYTAaTOpA.

U . =U_ +U =297+30=5975,

I'ne U, — HanpsbkeHUe cTa0uin3aluy CTabMINTPOHA.

@DYHKIUIO OTPaHUYHUTEIBHOTO YCTPOMCTBA BBINOJHAKOT CTAOMIUTPOHBI TUIA

J815E. JIlpa cTaOWIuUTpOHA COSTUHSIOTCS IOCICAOBATEIbLHO. MaKCHMAaJIbHO

BO3MOKHOE€ 3HAYEHUE TOKA SIKOPS - vaxe =8,152A.
Br1Oupaem TpaH3UCTOPBI:
® KapOMJOKPEMHHUEBBIC
C2M0160120D ucnonb3zyem T
TPaH3UCTOPAMH;

e cujoBsie TpaH3uctopsl - C2M0025120D.

MOSFET

YIIPaBIICHUS

TPaH3UCTOPHI

CHJIOBBIMH

Tabnuma 3 - XapakTepuCcTUKH TPAH3UCTOPOB

C2M0160120D

C2M0025120D

Ukaz[onl = 1200 B> Ukamakcl = 59,7 B

UK()I[O]'I =1200B > Uxomake = 59,7 B

Icnomt = 11A > Ixmaxel = 8,152 A

Ixnon= 90A > [xuaxc = 81,52 A

Kyl = 12

Ky:60

Ruac1 = 0,16 OMm

Ruac = 0,025 Om

MunumainbHas padodas temmeparypa: - 55 C

MunumaibHas pabodas temmneparypa: - 55 C

MakcuManbHas paboyas TeMneparypa: +
150 C

MakcuManbHas paboyasi TeMnepaTypa: +
150 C

ST TN

>

7

{2
{& {3

Pucynok 3.5 — Cxema 0OMOTKH sIKOpst

<
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3.2.5. Pacuer MarHuTHOM Lenu
PacueTHbIl1 BO3QyIHBIN 3a30D:
o=k, 5=0,011-2-10" =2,14-10° u,

4 +10-0 3,272-10° +10-2-10™
° t,+B,+10-5 3,272-10°+0,488+10-2-10"*

rae =0,011-

KO3(pUIIMEHT BO3YITHOTO 3a30pa.

HamarnuuuBaronias cuia BO3AYIIHOTO 3a30pa Ha mapy MOJIFOCOB
F,=16-B,-6-10°=1,6-0,488-2-10"-10° =156,022A.
Nunyknus B 3yO1ie:

-3
B, =B, 1 =0,488——2 =0 _
1,295-10°-0,88

=B, 1,4T,
bZkC

[To kpuBBIM HaMarHW4YMBaHUs Marepuana 344 ompexelnsieM HANpPSKEHHOCTb
noJist B 3youe (Pucynok 3.4)
H, =1500A/ m,
h =h =1,425-10"um,
HamaranuauBatonas cusia 3y0I110B SKOps
F =2hH, =2.1,425-10"-1500 = 4,275A
NHayKIns B CIIMHKE STKOPS

a__ D 1,384-10"* -
*"2.h -l,-k, 2-6,808-10°-0,019-0,88

C

ITo KpUBBIM HAMAroHM4mMBaHWA HAIIPAKCHHOCTD ITOJIA CIIMHKH AKOPA (PI/ICYHOK

3.4)

H,=3102,

M

HaMaFHHqHBaIOIHaH Cujia CIIMHKU SIKOPs

I:a :é,a ) Ha '50 =0,025-310-0,6 =4,625A,
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rne &, =0,6 - koapuueHT, yUuThIBAIOIINI HEPAaBHOMEPHOCTh BEIMYHHBI

WHTYKITTH BJIOJIb cpenHei JIMHUA MArHATHOU WHTYKIIAH,

7(D,+2-h,+h,)
2p

ITPpHU BHCIIHEM SKOPC.

Ca=

=0,025,- nnuHa cpenHeW JIMHUM MarHUTHOW WHAYKIIUU

AEETERE TNV
i ot et LT i

;%.ﬁ&', 7%
Lo

: e
10t . 1
=
a8 —
!-_ L -i;
3
. -.i
ol R
S . . i IL-—--—Ji—1
a; I | : 1 R . 7--.. i.i
R o e ot B U R T

Pucynok 3.4 — KpuBas HaMarHu4rBaHus cTasiei

[Tomnas HaMarHWYMBAlOIIAs CUJIa MATHUTHOU 1IENTH
F =F+F +F, =156,022 + 4,275+ 4,625=164,9234,

KoadduimenT Hacolmenus MarauTHO# menu (00brano K . =103 +1,15)

K =n 108923, o7
“"F, 156,022
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[TpoBoauM pacyeTsl A psAa 3HaUeHUH UHAYKUUU Bj(Tabnuua 3) 1 Toro,

4TOOBI MOCTPOUTH KPUBYIO HamarHuuuBauus (Pucynox 3.5)

Tabnuma 3.1 — JlanHbIe pacyeTa KPUBOW HAMAarHUYMBAHHUS

Bennu kBz
HWHA 0,25B; | 0,585 | 0,65B; | 0,865 | 0,9B; | B3 1,08B4 1,15B3 1,3B; 1,65 1,88;
) 3,57-1 7,139 | 9,281 | 1,142 | 1,285 | 1,428 | 1,542 | 1,642 | 1,856 2,285 2,57-1
0° -10° | 10° -10* | -10* | -10* | -10* | -10* | -10* -10* 0
B 0,35 0,701 | 0,911 1,121 | 1,261 | 1,401 | 1,513 | 1,611 | 1,821 2,242 2,522
B, 0,28 0,561 | 0,729 0,897 | 1,009 | 1,121 | 1,21 |129 | 1,428 1,794 2,018
H. 82 110 160 320 650 2300 | 5100 | 9400 | 12000 | 20000 | 80000
H, 72 100 115 140 200 280 470 700 3000 11000 | 15000
F; 39,04 78,08 | 101,5 1249 | 140,5 | 156,2 | 168,6 | 179,5 | 203,0 249,85 | 2811
E 0,234 0,313 | 0,456 0,912 | 1,853 | 6,55 | 14,53 | 26,79 | 34,2 57 228
E, 1,08 1,5 1,725 2,1 3 4,2 7,05 |10,5 |45 165 225
F 40,354 | 79,89 | 103,68 | 1279 | 145,4 | 166,9 | 190,2 | 216,8 | 282,2 471,85 | 734,08
15 4 74
Bz,= |0145 0,29 | 0,377 0,464 | 0,522 | 0,58 | 0,627 | 0,668 | 0,755 0,929 1,045
o/Q,
= 1009 1997 | 2592 3199 | 3635 | 4173 | 4756 | 5422 | 7055 11800 | 18350
F/2h,
Bou, T 12
1
0,8
0,6
04
0,2
0
0 2000 4000 6000 BODO 10000 12000 14000 16000 18000 20000
H, Am

Pucynok 3.5 — KpuBas HaMarHnuuBaHus
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DOKBHUBAJIEHTHBII BO3IYLIHBIN 3a30p

5=k, 6'=2,262-10°,

3.2.6. PacyeTr uHayKTOpa
Hapy:xHbIi1 1nameTpsl HHAYKTOpa
D,=D, -25=0,025-2-10"=0,03x,

BHyTpeHHu# 1uameTp MariuTa B MallMHAX ¢ MHIYKTOPOM B BUJE LWIMHIpA

MOYKHO OTIPEJIeIIUTh:
D,,=D,,\1-k,, =0,025-,/1-0,75=0,012.,
roe Kk, =0,75,
Tak kak D, >25mm,T0 TmpUMeHseM HEMarHuTHYIO BTYJIKY U Bal

M3TrOTaBIMBAEM U3 YIIIEPOIUCTOMN CTAIIH.
JImuHa MOJIFOCHOU yTu:
b=«a-7=0,7-0,02=0,014,
[[IupriHa MarHuTa B HEUTPAIBHOM CEUEHUU JJISI IWIMHAPA:

b—éf -0,5(D,, - D,,)=0,5(0,025-0,015)=6,15-10 1,

M8

OceBas JutMHa MarHuTa
|,=10-1 =0,02m,
[Lnomaae HEUTPAITBHOTO CEUYEHUSI MATHUTA
Q,=b, -1, =0,012-0,02=2,46-10"* »",
Pa3MarnuuuBaroias cuiia peakiuu sKopsi Ha mapy MoJrCoB:
_0,866'W'k06|cp 0,866-88-1-0,617

F. = =22,7194.
p 2
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Pucynok 3.6 — COOpouHBIN YepTex IEKTPOIBUTATEI-MaXOBUKA
rae 1 — maxoBuk; 2 — potop D/1; 3 — crarop D/1; 4 — koxyx; 5 — cTakaH;
6 — BTynKa; / — moamMHUKOBas onopa; 8§ — duanen; 9 — Brynka; 10 ¢umaner; 11 —

miagopma.

3.3. Pabouyue xapakrepuctuxku BAIT

PaccuutpiBaeM u cTpouMm paboure XapaKTepUCTUKH JABUTATENS ISt
HOMHUHAJILHOW YaCTOThI BpaIlleHUs, a TAK)Ke JIJIT 4acTOT B uarna3oHe ot No g0 0,8n.
[Tpon3BoOAMM BBIUUCICHUS TIO CISAYIOIINM (GOpMYyIam:

DneKTpudecKre MOTepu B 0OOMOTKE SIKOPS
_ 12
P,=1%R.
[Torepu B KOMMYTHPYIOIIEM YCTPOKCTBE
P.=m"1_,AU,

MarsuTHbIe IMOTCPH HAa TUCTCPC3UC U BUXPCBLIC TOKHU

f 1,4
PMZ = Po (mj (Bg—makTA + BzmszZ)
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rae Py =19 - ynensrble moTepu B cTan Ha IHCTEPE3UC U BUXPEBBIC TOKH
npu vacrore 400 ' u unnykuun 1T, Ky, =2,1, ki, =15 - rexnonornueckue

KOA(PUIIUEHTHI, YYUTHIBAIONIME YBEIWYCHHE MAarHUTHBIX IOTEph B 3yOnax u

CIIMHKE AKOPS [T0CJIE MEXaHUYECKOH 00pabOTKH.
m, = (D, +2h, +h,)h,| k.7 =3,14(0,03+2- 2,638-10 +9,138-10%)9,138-10 .0,02-0,88-7,7-10° = 0,173z,
- Macca CIIUHKH SIKOpS,
m, =7 (Da+h, ), —Quz [lky = 3,14[(o,o3+ 2,638-10°)2,638-10°* — 4,083-10° .32}0,02 .0,88-7,7-10° =0,019%,

- Macca 3yOIlI0B SKOPsI.

MexaHn4ecKrue noTepu

25
P —14.10C | pe
mex 4 O ( +5/16)(10000j a

ls; 0,02 _

D, 0,025 =08

rac 2«6 =

JloGaBOYHBIE TOTEPH

P,=0,0P,+P,+P.+P,. +P,).

. _U-E,-AU,
cp R !
>P=P,+P, +P, +P +P,

P=Ul_,
P,=Ul, 3P,
P2
=—2100%,
n ) 0
v, = 9:55P;
n

PesynbTaThl  pacueToB mpeAcTaBieHbl B Tabmmie 4, a pabouue

XapaKTePUCTUKHN U300paKeHbI HA PUCYHKE 3.7.
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Tabnuna 4 — Jlanuble 17151 paboueil XapaKTepUCTUKU

N 1,18n0 | 1,17n | 1,15n | 1,11n | 1,08n | 1,05n | 1,025n | 1,01n n 0,8n
006/
n 15440 | 14040 | 13800 [ 13320 | 12960 | 12600 | 12300 | 12120 12000 9600
MUH
ke 0,521 | 0,567 | 0,588 | 0,611 | 0,612 | 0,625 | 0,631 0,65 0,682 0,75
E, | B 21,6 21,6 21,6 21,6 216 |216 21,6 21,6 21,6 21,6
lep A 0,399 | 0,434 | 0,451 | 0,468 | 0,469 | 0,479 | 0,493 | 0,498 0,523 0,575
P,x | BT 8,626 | 9,382 9,739 | 10,117 | 10,127 | 10,347 | 10,452 | 10,761 | 11,288 | 12,417
lg A 0,532 | 0,579 | 0,601 | 0,624 | 0,625 | 0,639 | 0,645 | 0,664 0,697 0,766
P, | Br | 0,604 | 0,714 0,77 0,831 | 0,833 0,869 | 0,887 0,94 0,013 0,01
Pk Br | 0,399 | 0,434 | 0,451 | 0,468 | 0,469 | 0,479 | 0,484 | 0,498 0,523 0,575
Pw| Br | 7,238 | 6,335 | 6,184 | 5,885 | 5,663 5,44 5,264 | 5,165 5,085 3,72
P.| Br | 0,082 | 0,065 | 0,062 | 0,057 | 0,053 | 0,049 0,046 | 0,045 0,044 0,025
Pyq Br | 0,012 | 0,014 | 0,014 | 0,015 | 0,015 | 0,015 | 0,016 | 0,074 | 0,00714 | 0,0071
>P | Bt 1,233 1,393 1,46 1,526 1,519 1,557 1,572 1,636 0,722 |0,0717
P1 Br | 10,783 | 11,727 | 12,173 | 12,647 | 12,659 | 12,934 | 13,065 | 13,451 | 14,11 | 15,521
P2 Br 9,55 10,33 | 10,714 | 11,121 | 11,14 | 11,377 | 11,493 | 11,816 | 13,388 14,8
n % 88,57 | 88,117 | 88,1 | 87,933 | 88,003 | 87,964 | 87,968 | 87,839 94,2 95,3
3
M; LOM 5,906 | 7,029 7,414 | 7,873 | 8,209 | 8,623 | 8,923 9,31 11 15
oﬁrll\:ﬂn- gi f: .;l; ‘
15
20000 0.8
0.7 90
10
15000
0.6 80 n(M2)
P2(M2)
10000 s | os M(M2)
Im(M2)
0 0 0 -
2 4 6 8 10 12 14 M, Hu
103

Pucynok 3.7 — Pabouue xapaxkrepuctuku bBAIIT
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4. PABOYASA TUATPAMMA MATHUTA

Ha ocHoBanum maHHBIX, MOJYYEHHBIX B pE3yjibTaTe pacueTa MarHUTHOU
e MAaIllMHBI, CTPOUM pabouyro auarpammy marauta (PucyHnok 4.1). braronaps
ATOW IarpamMMe MOKHO HAaWTH 3HAYCHHE MAarHUTHOTO ITOTOKA B BO3AYIITHOM 3a30D
pu J1I000M pEeKUME padOTHI.

B cimydyae mpuMeHEHHs peIKO3EMENbHBIX MaTEpPHAIOB M KoOajabTa KpUBas
pa3sMarHWYMBaHUS COBIIAJIaeT C TMPSMON BO3Bpara. DTy KPHUBYIO TOJYYarOT TIO

JIByM TOYKaM: OCTaTOYHOMY NOTOKY @, u kospuutusHoi cuie — MJIC F,.
Jannsie qy1s noctpoenus nuarpammsl s KC37:
® =BQ,=0,77-2,46-10"=1,894-10" B6,
F.=2-h,-H, -1000=2-0,02-1300-1000=5,2-10" 4,
[Ipsimasg cymMapHOro paccestHus
@, =05-F-A, -10°
Brruutast rpaduuecku 3Ty XapaKTepUCTHKY M3 MPSMOM pa3MarHUYUBaHUS,
nosy4aeM JUHU0 @, — M TpoRoIbHOTO (IMONE3HOr0) NOToKa @, .
[ToTox maraura
@, =0, +D, =3623-10"B6,
rne @, =0,5F A,10°=0,5-164,923-1,982-10° =1,635-10*B6 - mortok

pacCCAHnA MarHuTa

30E 30- 26,68

D, = = =1,16-107°Bg,
Ark.k,fn,  4-314-1,1-1,04-400-12000

@, =D, +D,=1751-10"Bo.
0,75F, =3,9-10" 4.

Jluarpamma Marauta u3oopaxkeHa Ha pucyHke 4.1.
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Pucynok 4.1 — PaGouas auarpamMma MarHuTa
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5. ®PUHAHCOBBIA MEHE)KMEHT, PECYPCO2®®EKTUBHOCTH
N PECYPCOCBEPEXEHUE

[lenp BBIMYCKHOW KBamU(pUKANMOHHOW pabOTBI — MPOCKTHPOBAHHE
OECKOHTAKTHOTO JIBUTATENS MMOCTOSIHHOTO TOKA Ha OCHOBE MOCTOSIHHBIX MAarHUTOB,
CIIy’KaIlIeTo JJIsi CHCTEMbI OPUEHTAIIMU KOCMUYECKOTO armapara.

B »sromM pasgmene AWIUIOMHOM — paboOThl  HEOOXOAMMO  OOOCHOBATh
eJ1eCO00Pa3HOCTh MPUMEHEHHS MPENIOKEHHOTO TEXHUYECKOTO pemeHus. s
3TOr0  HEOOXOAWMMO  W3yYUTh  BONPOCHI  (PMHAHCOBOTO  MEHEKMEHTA,

pecypcodPpHeKTUBHOCTH U PeCypPCOCOEPEIKEHUSI.

5.1. TloreHnuaJbHbIE NOTPEOUTEH Pe3yIbTATOB HCCIACAOBAHUS

beckonTtakTHbiit aBuratens moctosHHoro Toka (BIIT) sBasercs dacThio
JIBUTATEIsI-MaxOBUKa, CIY’XKallero JUisi CUCTEM OpHUEHTAllUM KOCMHYECKHUX
anmapaToB. OH obecrieurBaeT HEOOXOIUMOE TTOJOKEHHE KOCMUYECKOTr0 ammapara
B [IPOCTPAHCTBE.

B nactosmiee Bpemsi Takue NpUOOpPHI HCIONB3YIOTCA Ha MEXIYHapOIHOU
KocMuuecKkoM craHiuu. C TMOCTOSHHBIM PAa3BUTHEM YPOBHS TEXHOJIOTHUH,
MOSIBJISIFOTCS HOBBIE KOHCTPYKIIMHM DJIEKTPOIPUBOIOB, O0JaalOIINEe MEHBIITUMHU
HEJIOCTATKaMHU I10 CPABHEHHUIO CO CTapbiMH KOHCTPYKIUsSMH. COOTBETCTBEHHO,
NOTPEOUTENSIMU  PE3YJIBTATOB HCCIEIOBAHUS B JaHHOM padoTe SBISIOTCS
KOMIIAaHUM W HAy4YHO- MPOU3BOACTBEHHBIE OOBEIMHEHUS, Ybsl JIEATEIHbHOCTh
CBs3aHa C MPOU3BOACTBOM OOOpPYIOBaHUS M NpHOOPOB, BOCTPEOOBAHHBIX B
kocMoHaBTHKe. OmHa w3 Takux kKommanmi — 310 AO «MHbDOpMannmoHHbBIC
CIIyTHUKOBBIE CHUCTEMbD» UMeHM akajgemMuka M.D. Pemernésa». JlaHHOe
npeanpusitue spiasiercas Benymmum B Poccum mo  Co3MaHUI0  KOCMHYECKUX
anmnapaToB CBSI3H, PETPAHCISALIUN, HABUTALIUU, T€OIE3UU.

B nmanHOM ciydae cerMeHTHpOBaHMs I€Jeco00pa3HO MPOBECTH IO TaKUM

KpUTEpHUsIM, Kak pazMep kocmuueckoro ammapara (KA) u yacrota BpameHus
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ucnosiautensHoro oprana (MO), Tak kak 3TO0 OAHM U3 Haubojee BaXHBIX
MapaMeTpoB sl cucteM opueHTauuu KA.

HUcxonss  ©M3  TNEpPEUYUCIEHHBIX  CErMEHTOB  pPbIHKA  MPOU3BEIEM
CErMEHTUPOBAHNE KOMMEPUYECKUX OpraHu3aiuil no orpacisiMm. CerMeHTUpOBaHUE

PUBEIECHO HAa PUCYHKE O.1.

Pazmep KA
Masreie Cpennue Bonpmiue

oF <10000

=

o

]

=

<

o

ff, 5 <20000

o

o

§ 0000

S| >4

Pucynok 5.1 - Kapta cerMeHTUpOBaHUS PhIHKA UCIIOJIH30BAHUS JIEKTPOMEXaHUUECKUX

UCIIOJIHUTENbHBIX opranoB (OMHNO)

I - Teldix GmbH; I - HITIT « BHUUDM»; - AO «HITL «ITomocy.

B wurtore BUauUM, YTO OCHOBHBIMHU CEIrMEHTaMHU DPBIHKA SIBIISIIOTCS BCE BHJIBI
NESATETHPHOCTH, CBSI3aHHBIE C WCITOJIb30BAHWEM HWCIIOTHUTEIBHBIX OpPTaHOB JIIs
MajJblX W CpPeAHUX KOCMHUYECKHMX ammapaToB, a 4YacToTa BpalleHUs
UCIIOJIHUTENBHOTO opraHa nu6o Menbiie 10000 o6/mMun mmbo Oonbiie 40000
00/muH. TlosToMy 1eecoOo0pa3HO OPUEHTUPOBAHME HA CErMEHTHI PBIHKA,
CBSI3aHHBIE C TMPOU3BOACTBOM JJIEKTPOMEXAHUYECKUX HCTIOTHUTEIBHBIX OPTaHOB
JUIST MaJbIX KOCMHMYECKHX ammapaToB ¢ 4acToToi BpameHus Oombiie 10000

00/muH, HO MeHbITe 40000 06/MUH.

5.2. AHaau3 pbIHKA U OLEHKA KOHKYPEHTOCIHOCOOHOCTH NMPOAYKIIUH

AHanM3  KOHKYPEHTHBIX  TEXHHYECKHUX  pEIIEHHH ¢ THO3UIHH
pecypcodPhEeKTUBHOCTU M peCcypcocOepeKeHUs MO3BOJSET IMPOBECTH OIEHKY
CpaBHUTEIbHOW  O()PEKTUBHOCTH  HAaydHOH  pa3pabOTKM U  ONpEACIUTh

HaIlpaBJICHUA OJIA €C 6y,Z[y1HCI‘O ITOBBIIIICHHSI. KpHTepI/IH I CpaBHCHUA U OLICHKH
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pecypcoddHEeKTUBHOCTH U pecypcocOepeKeHrs, NMPUBEICHHBIC B TaOmHIE 5.2,

noAOUPAIOTCS, HUCXOAs W3 BBHIOPAaHHBIX OOBEKTOB CpPAaBHEHUS C YYETOM HX

TEXHUYECKUX M SKOHOMHYECKHX OCOOEHHOCTEH pa3pabOTKH,

skcrutyaTaruu [10].

cO34aHusd U

3anojJHuM OLCHOYHYIO KapTy KOHKYPCHTHLIX HUCITOJHUTCIIbHBIX OPradHoOB, I'/1C

Bb —

IIOCTOAHHOTI'O TOKA C TIOCTOSAHHBIMH MarHuTaMu,

I[BI/IFaTeJ'IB MaxOBHK Ha OCHOBE OECKOHTAKTHOI'O ABUTAaTCIIsA

bkl (Konkypent 2) — Reaction wheel system HR04, Honeywell corporation;
bk2 (Konkypent 2) - Jlsurarens maxoBuk MJIM-0,5, AO «HITL]» ITomnroc

Tabnuua 5.1 - TexHuueckre XapakKTEPUCTUKN UCIIOIHUTENIbHBIX OPraHOB

[Tpubop Kunernueckuii | Makcumanbseii | Macca, kr Pecypc
MOMEHT, H'Mc | ympaBisironuii paboThI, U
MOMEHT, H-M
HRO04 0,2-1,0 0,028 1,2 50000
MJIM-0,5 0,5 0,015 1,2 150000

Ta6mz1ua 52- OHCHO‘IH&H KapTa 3JICKTPOMCXaHNICCKUX UCITOJJHUTCIIbHBIX OPIraHOB

KDHTEDHH OLCHKH Bec bayer KOHKYpeHTOCTIOCOOHOCTh
PHTEp B kputepusd | bd | Bkl | B2 K Kkl K2
1 2 3 4 5 6 7 8
TexHUYECKHEe KPUTEPUH OLIEHKH pecypcodrhHEeKTHBHOCTH
1.IToBEIIIEHNE
MPOU3BOTUTEIIEHOCTH 0,06 S 4 4 0,3 0,24 0,24
Z.V,ZIO6CTBO B OKCILTyaTalluu 0,06 4 5 4 0,24 0,3 0124
3.IToMex0yCTOHIMBOCTh 0,06 4 5 4 0,24 0,3 0,24
4.9HeprodKOHOMHYHOCTh 0,1 5 5 4 0,5 0,5 0,4
5.HanexxHOCTB 0,06 5 3 4 0,3 0,18 0,24
6.YpoBeHb IyMa 0,06 4 5 4 0,24 0,3 0,24
7.be3onacHOCTh 0,1 5 4 4 0,5 0,4 0,4
8. PyHKIMORATEHAA 0,06 4 | 5| 5 | 024 | 03 | 018
MOIIHOCTb
9.IlpocToTa SKCIUTYaTaIuu 0,1 4 2 4 0,4 0,2 0,4
‘ DKOHOMHUYECKHE KPUTEPHUHU OLIEHKH 3 PeKTnBHOCTH
1. KOHKYpeHTOCTIOCOOHOCTh | 0,06 | 4 ‘ 5 ‘ 4 ‘ 0,24 0,3 0,24

o1




[Tpomomkenne TabauIs! 5.2

POIYKTa

2.YpoBeHb TPOHHKHOBEHUS 0,06 4 5 . 0,24 0.3 0,24

Ha PHIHOK

3.1lena 0,1 3 3 3 0,3 0,3 0,3

>-Hoczenpozakroe 0,06 3 | 3 018 | 018 | 024

00CITy)KMBaHUE 4

6.Hannuue ceprudukara 0,06 4 5 5 0,24 0,3 0,3
Hroro 1 4,16 4,1 3.9

[Mpumeuanne — omeHka ()aKTOPOB KOHKYpPEHTOCIOCOOHOCTH mmiKane 1-5, rome 1 — Husmas omeHka, a 5 —

BbICIIAsA OIICHKA.

N3 tabnumer 5.2 BHAHO, Y4TO TO YPOBHIO TOKasarened pa3pabaThiBaeMbli
JIBUTATEJIb MaXOBHUK Ha OCHOBE OECKOHTAaKTHOI'O JIBUTaTejsl MOCTOSHHOTO TOKa
(BAIIT) ¢ mocTossHHBIMH MarHuTaMu W uMmmoptHas cuctema HRO04 obOnmamarot

0o0J1ee BBICOKUMHU KOHKYPEHTHBIMH MMPEUMYIIIECTBAMHU.

5.3.
HpOBGI[GM OOCHKY KOHKYPCHTHBIX TCXHHYCCKUX pGHIGHI/If/'I KOHTaKTOpa

Texnosoruss QuaD

TIOCTOSIHHOTO TOKa (Tabmuia 5.3).
Tabnuna 5.3 — OueHouHas kapra JJis CpaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX

pGHIeHI/Iﬁ SJICKTPOMEXaAHUYCCKUX UCITOJTHUTCIBbHBIX OPraHOB

Kputepuu ornenku Bec bannsr Maxkcumans | OtHocuren | CpenHeB3Be
KpHUTEpHUs HBIH Gat bHOE HICHHOE
3HAYCHHE 3HAYCHHE
(3/4) (5x2)
1 2 3 4 5 6
ITokazarenb OLIEHKH KayecTBa
1.DHeproaddexkTuBHOCTH 0,09 90 100 0,9 0,081
2.IToMex0yCcTOHYMBOCTH 0,05 88 100 0,88 0,044
3 HanexxHoCTb 0,1 92 100 0,92 0,092
4. YHu(DUIIUPOBAHHOCTh 0,05 80 100 0,8 0,04
5.YpoBenn
MaTepHaIOeMKOCTH 0,08 70 100 0,7 0,056
pa3paboTKu
6.YpoBeHb myma 0,02 75 100 0,75 0,015
7.be3omnacHoCTh 0,1 90 100 0,9 0,09
8.OyHKUKOAbHAS 0,063 95 100 0,95 0,05985
MOII[HOCTh
9.IIpocToTa PKCITyaTanuu 0,05 85 100 0,85 0,0425
10.PeMOHTONIPUTOTHOCTH 0,05 50 100 0,5 0,025
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IIponomxkenue TadmuIb! 5.3

[TokazaTenu OLEHKH KOMMEPUYECKOTO MOTEeHI1aa

Il) 1.KoHKypeHTHOCTTIOCOOHOCT 0,05 90 100 0.9 0,045
12.YpoBeHb NPOHUKHOBEHUS

0,05 80 100 0,8 0,04
Ha PBHIHOK
13.IlepceKTHBHOCTH PHIHKA 0,05 85 100 0,85 0,0425
14.11lena 0,1 65 100 0,65 0,065
15 Hocnenpozaitioe 0,02 75 100 0,75 0,015
00CITy)KNBaHHE
16.®unaHcoBas

0,04 92 100 0,92 0,0368
3¢ eKTUBHOCTH
17. Hanwawne ceprudukara 0,07 55 100 0,55 0,0385
Hroro 1 13,57 0,82815

OnpenenuM OLEHKY KadyecTBa U MEPCHEKTUBHOCTHU 1o TexHoJoram QuaD mo
bopmyiie:
Ilcp =8,1+4,4+9,2+4,0+5,6+1,5+9+5,985+4,25+2,5+4,0+4,25+6,5+1,5+3,68+3,85=82,815%
[lepcieKTUBHOCTh  MPUMEHEHUS  pa3pabaThbIBAEMOro  3JIEKTPOIPHUBOJA
CUCTEMBI OPHEHTALlMA KOCMUYECKOro anmnapara cocraBuia 82,815%, 4ro roBoput

O MEePCIEKTUBHOCTH Pa3padOTKH.

5.4. SWOT-anaan3 padoTbl MATHUTOIJIEKTPUYECKOT0 IBUTATEJIA

SWOT-ananu3 siBnsieTcs MHCTPYMEHTOM CTPATeTHYeCcKOro MEHEIHKMEHTa U
NpPEJCTaBIsSCT COOOW KOMILJICKCHOE HCCIICOBAHUE TEXHHYECKOro MpoekTa.[13]
JlaHHBIN aHAIU3 MO3BOJIUT OMPENCIUTh BCE CHIIbHBIE U CJIa0ble CTOPOHBI MPOEKTA,
a TAaK)K€ €ro BO3MOYKHOCTH U YI'PO3BbI.

SWOT-ananmu3 npoBoauTcs B JBa dTama. Ha mepBoM sTame OMHCHIBAIOTCS
CWIbHBIE W CJIa0blE CTOPOHBI NPOEKTA, BBIABIAIOTCS BO3MOXHOCTH U YIPO3bI
peanuzanuu npoekra. g sroro cocrtasisercs matpuna SWOT, B koTopoi Bce
NEPEUNCIEHHOE paHee (PUKCUPYETCS.

Ha BTOpOM 5Tame BBIABISIOTCS COOTBETCTBHS CHIIBHBIX U CHaOBIX CTOPOH
IIPOEKTAa BHEIIHMM YCJIOBUSAM OKDPYXAOIIEW Cpelpl, KOTOPBIE ITOKa3bIBAIOT

HCO6XOI[I/IMOCTB MNPOBCACHUA CTPATCTUICCKUX U3MCHCHUI. I[J'DI JAaHHOI'O JSTalla
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CTPOUTCS MHTEPAKTHBHAs MaTpUlla MPOEKTa, Ha KOTOPOH yA0OHO pa3obparbes C
pa3IMYHBIMM KOMOMHALIMAMU B3auMocBsizei oonacreid matpuusl SWOT.

I[Ipu  cocraBnenun  wmartpuubl SWOT  ucnonb3yrorcs — cienyromue
0003HaYEHUSI:

C — cubHBIE CTOPOHBI TPOEKTA;

Cn — cnaObie CTOPOHBI MPOEKTA;

B — Bo3MoOxHOCTH; Y — yrpO3HI.

Martpuna SWOT npusenena B Tabmnuiie 5.4.

IIpu mocTpoeHnn Ha BTOPOM 3TAall€ UHTEPAKTUBHOW MAaTPHUIbl BO3MOKHOCTEN
u yrpo3 B ocHoBY Oepetcst matpuria SWOT. MHTepakTUBHBIE MATPHUILIBI TTO3BOJISIFOT
OolleHUTh A(P(HEKTUBHOCTH MPOEKTa, a TaKKE HAJACKHOCTh €ro peaau3aiuu
(Tabmuua 5.5). IIpu uX MOCTPOCHHUH HCIOJIL3YIOTCSA 0003HAYCHHS aHAJOTHYHBIC
camoit Marpunbl SWOT c¢ pomonHenuem 3HakoB (+,-,0) mist moapoOGHOTO
NPENCTABICHUS HAIM4YUS BO3MOXHOCTEM M yrpo3 IpoekTa («+» — CHIIbBHOE

COOTBCTCTBHC, «-» — cinaboe COOTBCTCTBHC, «0» - ecnu ecTb COMHCHHS B TOM,

MIOCTABUTD «+» WU «-» ).

Ta6muma 5.4 - Marpumia SWOT

CuibHBIE CTOPOHBI
MpPOeKTAa:
C1. Beicokas

Cuaa0ble CTOPOHBI MPOEKTA:
Cnl. TpyaHocTs MOHTaXA
CUCTEMBI

sHeprodgdextuBHOCTh. | Cn2. BeICOKas CTOMMOCTh
C2. DKO0JIOrMYHOCTH 00opy0BaHUS
TEXHOJIOTUHU. Cn3.Bricokas TexHUYECKas
C3. OTBETCTBEHHOCTh
KBanmuduuupoBaHHblii | 371€KTpo0OOpY10BaHUS
IIepCOHAIL. Cn4. CnoxHOCTb
C4. YMeHsb1IeHUE AKCILTyaTaluu
3aTpar Ha PEMOHT AIEKTPOOOOPYI0OBAHUS
000py1I0BaHMs

Bo3MmokHoCTH:

Bl. Yeemrierine B1C1C2C3; B1CA3Cnd;

MIPOU3BOIUTEILHOCTH

3IIEKTPOOOOPYLOBaHUS B2C3C4; B2Cn1Cn2Cn4,

B2. Iopsineiie B3C1C2; B3Cx1Cn2;

HAaJICKHOCTH KOHCTPYKLUHU
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[Iponomxenue TadnuIe! 5.4

B3. YMmeHbIIeHHE
MaccorabapuTHBIX
oKa3arejie

Yrpo3bi:

V1. OrcyrcTBUE cipoca Ha
TEXHOJIOTUU TIPOU3BOJICTBA
V2. Benenus
JIOTIOTHUTEIIbHBIX
roCyapCTBEHHBIX
TpeOOBaHUMN K
CTaHAApTU3ALUU U
cepTu(UKAIUN TPOTYKITUU
V3. Yrpo3sl BbIX0OAa U3
CTPOSI CJIO’KHOTO

V1C3;
V2C2;
V3Cl1;

V2CnlCns3;

YV1CnlCn2Cn4;

V3CnlCn3Cn4.

YHEPrOEMKOTO
000py10BaHUS
Tabnuma 5.5 - MaTepakTHBHAS MaTpUIa BOSMOKXHOCTEH
Bo3moxHocTH CusibHBIEC CTOPOHBI TPOEKTA
Cl C2 C3 C4
Bl + + + -
B2 + - + +
B3 + + - -
Cna0Oble CTOPOHBI ITPOCKTA
Cnl Cn2 Cn3 Cnd
Bl - 0 + +
B2 + + - +
B3 + + - 0
Tabnuma 5.6 — IHTepakTHBHAS MaTpHIla yrpo3
Bo3moxHoCTH CusibHBIE CTOPOHBI ITPOEKTA
C1 C2 C3 C4
VY1 - - + -
Y2 - + - -
¥3 + - - 0
Cnabpie CTOPOHBI MPOEKTA
Cnl Cn2 Cn3 Cn4
Vi + + - +
V2 + - + -
V3 + - + +
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[IpoBens aHanyM3 MHTEPAKTUBHBIX MAaTPHII, IPUBEICHHBIX B Tabmumax 5.5 u
6.5, OTMETHM, YTO HECMOTPsI Ha HaJU4Ue CJIA0bIX CTOPOH MPOEKTA €ro CUJIbHBIC
CTOPOHBI MMEIOT OOJIbIIICe BJIMSHUE HA MPOCKT. Tak, Hampumep, BBHICOKAs IEHA
0o00OpyIOBaHUS U TPYAHOCTh MOHTa)Ka KOMIIGHCHPYETCS HU3KMMHM 3aTpaTaMH Ha
PEMOHT U BBICOKMMHU SHEPreTUYECKUMU TOKa3aTelsIMHu. A Takod IMoka3arelb, Kak
«KBammpunupoBaHHBIHA MepCoOHAID) npeBajupyeT  Haj «CJII0)KHOCTBIO

9KCILTyaTalluu 3JIGKTpOO60pYIIOBaHPI51)).

5.5. OmnpexaesieHne BO3MOKHBIX AJIbTEPHATUB MPOBEICHUA HAYYHBIX

HccJe10BaHuu

OnurcanHble paHee METOAbI MO3BOJISIIOT BBISIBUTh M MPEIJIOKUTh BO3MOKHBIE
aJbTEPHATUBBI MPOBEJICHUS HCCIEIOBAHUS U T0pabOTKU pe3yiibratoB. OgHako, B
OoJnbIIe  CTeMeHW BCE  MPUBEICHHBIE  METOABl  OPHEHTHPOBAHBI  Ha
COBEPILIEHCTBOBAHUE PE3YJIbTATOB HAYYHOTO MCCIEAOBaHUS, HaXOJSAIIErocs Ha
CTaJuu CO3JaHUsl MaKeTa, MOJEIU CHCTEMBbI, MPOTOTHUNA, KOHEUHOrO MPOAYKTa.
Ecnmu pa3paboTka HaxoauTcs Ha TEPEUUCICHHBIX CTAIUAX KU3HEHHOTO IMKJIIA
HOBOT'O MPOYKTa, MOXHO MPEIJIOKUTh BApUAHThI COBEPIIEHCTBOBaHUS. COoCTaBUM
MOP(HOIOTHUYECKYIO MaTPHILy JUIS IBHTaTe sI-MaxoBuka (Tabmuma 5.7).

Tabmuma 5.7 - Mopdonoruueckas MaTpuIla JJis IBUTaTelss-Max0OBUKa

1 2 3 4

A. ®opma Fﬂ [,1-E g’:ﬂ W Ha i Hl___,E Vo7 :| E/ 7
MaxOBHUKa
b. Cranb ATOMUHUEBBII VYrnemnactuk TuTaHOBBIN CILTaB
Marepuan CILJIaB
MaxOBHKa
B. Bug ACUHXpOHHBIN CHHXpOHHBIN CHHXpOHHBIN beckoHTakTHBIN
JIBUTATEIS JIBUTATEIb JIBUTATEIb C TUCTEPE3UCHBIN JIBUTaTENb

IIOCTOSIHHBIMU JBUTaTENb IIOCTOSIHHOT'O TOKa

MarHuTaMu

I[aHHaSI MaTpHla IMOKAa3bIBACT BO3MOIKHBIC BAPUAHTHI PCHICHUSA KOHCTPYKINU

JBUTAaTENsI-MaxoBUKa. Bo3MoxHble Bapuantel pewmeHus 1A2b1B, 4A2BIB.
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Hanbonee texnomornmunoe pemenne 2A1b4B mpencraiastor coOoil IBHUTATEIb-
MaxOBUK, B KOTOPOM MAaXOBHMK KOJOKOJIbHOW (POpPMBI, BBIMOJHEHHBIM U3 CTajH,

anektpoasurarens b/IIT.

5.6. IlnmaHupoBaHMe HAYYHO-UCCIEA0BATEIbCKHX PadoT

[[nanmpoBanre KOMIUIEKCA TMPEAINoaraéMbeix pabOT OCYIIEeCTBIACTCS B

CJIETYIOLIEM TOPSJIKE:

- OIpeJIeTIEHNEe CTPYKTYPhI pabOT B paMKaxX HAYYHOI'O MCCIICIOBAHUS;

- OIpCACIICHUC YHAaCTHUKOB K&)K,Z[Oﬁ pa6OTI>I;

- YCTAHOBJICHHUC IPOJOJKUTCIIBHOCTH pa60T;

- IOCTPOCHUE TpaduKa MPOBEACHNUSI HAYUYHBIX UCCICIOBAHUI.

5.6.1. CTpykTypa padoT B paMKax TeXHMYECKOI0 MPOeKTHPOBAHUSA

J1Jis BBITIOJTHEHUS] POEKTUPOBaHuUs hopMupyercs paboyas rpymnma, B COCTaB

KOTOpOﬁ BXOOAT HaquBIﬁ PYKOBOJUTECIIb U AUITJIOMHHK. HCpC‘IGHB BCCX OTAIlOB U

paboT Mpy MPOSKTUPOBAHUU PACTIPEICIAETCS Ha UCTIOTHUTENICH B 3aBUCUMOCTH OT

BU10B padort (Tabmuia 5.8).

Tabmuna 5.8 — [lepedens 3TanoB paboT U pacmpeeIeHne UCTIOTHUTEICH

OcHOBHBIE 3TaIbI Ne Coneprxanue pabot JoJKHOCTB
WCIIOJTHUTEIS
Pazpabotka 1 CocraBieHne U yTBEpKJIEHUE Hayunsrii
TEXHUYECKOTO TEXHUYECKOTO 3a[aHUs PYKOBOJUTEID
3a/laHus
ITouck u nzyuenue 2 COop aHHBIX JJIs1 TPOSKTUPOBAHMS Hayunsbrit
aHAJIOTOB JBUTATENs PYKOBOJUTEIID,
JUTUIOMHUK
Pacuer u Bb1GOp 3 [IpoekTupoBaHue ABUTATENS JrrioMHuK
00opy10BaHUs 4 KoppektupoBka u 1opaboTka JIMmioMHUK
&) CocraBienue cenuuKaim JIMIIIoOMHUK
6 BrinonHenue rpaguueckux padot JuniaoMHuK
7 CocTtaBieHue MOSICHUTEIbHOM 3aUCKU | JIMTIIIOMHUK
Odopmiienue otueta | 8 IIpoBepka oTuéTa u rpadguyeckux JIMIIoMHUK,
10 TEXHHYECKOMY paboT, ucrpasieHue OmMNUO0K Hayunsrii
IPOEKTUPOBAHUIO PYKOBOJMTEIb
Crava BbITyCKHOU 9 3amura paboThl JIMnioMHUK,
KBaJTH(PUKAITMOHHOH Hayunsrii
paloThI PYKOBOJMTEIb
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5.6.2. Onpenesienue TpynoemMkocT BbinojHenus TII

TpyZOEMKOCTh  BBIIIOJHEHMS  TEXHUYECKOIO  IIPOEKTa  OLIEHUBAECTCS
DKCIIEPTHBIM IIyTEM B YEJIIOBEKO—IHAX M HOCUT BEPOSTHOCTHBIM XapakTep, T.K.
3aBUCUT OT MHOXXECTBa TPYJIHO Yy4YHMThIBaeMbIX (hakTopoB. s omnpeneneHus
OKHJJAEMOTO (CPEIHEr0) 3HAYEHUS TPYAOEMKOCTH Lppy; MCIOIB3YETCs ClIeayronas

dopmyia [13]:

_ Stmz'n.z' + Ztmax.z'
t‘[}J'-}{:' - 5 ’

rne Loy - OKHIaeMasi TpyI0€MKOCTh BBITTOJIHEHUS 1 — 0¥ paObOThI Yell. — JH.;

tmin.i - MUHUMAJIBHO BO3MOXKHASI TPYJAOEMKOCTh BBITIOJIHCHHS 3aJIaHHOW 1 —
ofi paboThl (ONTUMHCTHYECKAs OIICHKAa: B TNPEANOJOXKEHUH Haubosee
0JIarONMPUSITHOTO CTEUEHUSI 0OCTOATENIBCTB), Uell. — IH. (3KCIIEPTHAs OIICHKA);

Linax.i - MAKCUMAJIBHO BO3MOJKHASI TPYJIOEMKOCTh BBITIOJIHEHUS 3aJaHHON 1 —
oii paboThl (MMECCUMUCTHYECKAs OIICHKA: B MPEANOIOKCHHH Haubojee
HEeOJIaroNnpuUsATHOTO CTEYCHUST 0OCTOSTEIBCTB), YeI. — JH. (IKCIIEPTHAS OLICHKA).

Tabmuna 5.9 —[IpoomKkuTeTILHOCT Pa0dOT B pabOUMX JHIX

No | HazBanue pa®oTsl TpyaoeMKoCcTh paboT JImuTenbHOCTD
r:lm':'z ! I-:'1'1 ax’ rD}]{i ! pa60T
- é g x = é g % T é g X =y é g ]
Syl E S > o E s > o E K > o ==
Sz A5 |f2 | AE Sz |RE | Ea| A
1 | CocraBnenue ull - 1 - 1 - 1 -
YTBEPKIACHHE
TEXHHYECKOTO 3aaHUsI
2 | COop maHHBIX IS 1 5 1 10 1 7 1 7
MIPOCKTUPOBAHUS
JIBUTATEIIS
3 | [IpoekTupoBanue 1 38 2 40 1,4 38,8 2 39
JIBUTATEIISt
4 | KoppekTupoBKa u|l 14 1 18 1 156 |1 16
J0paboTKa
5 | CocraBsienue 1 2 1 4 11 2,8 1 3
cnenuuKanuu
6 | Brimonnenue 2 8 2 14 2 10,4 2 11
rpadudeckux paboT
7 | CocraBieHHE 2 15 2 20 2 17 2 17

58




[Tponomxenne Tabauist 5.9

MHOSICHUTEIBHOMU
3aIllUCKU
8 | IlpoBepka otuérta wu |1 5) 1 ) 1 5 1 5

rpadpuueckux  pabor,
UCIPaBJIEHUE OUIMOOK

9 | 3ammTa paboThI 4 11 4 1 4 1 4

5.6.3. PazpaboTka rpajduka npoBeieHUs TEXHHYECKOT0 MPOEKTA

JInsi HarasgHOTO TOCTPOSHHS Tpaduka IPOBEASHHUS PAOOT HCIOJIB3yeM
dbopmy auarpammsel ['aHTa. ITO TOPU30HTAIBHBIN JIEHTOUYHBIA rpaduK, Ha KOTOPOM
paboOThl MO TeMe MPEACTABISIOTCS MPOTSHKCHHBIMH BO BPEMEHH OTPE3KaMHU.
OTpe3kn XapaKTepHU3yIOT JaThl Hadajlla M KOHIIA BBIMOJHEHHS pabor. ['padux
CTPOUTCS ISl OXKHMAAeMOM uTebHOCTH ToAroToBkM BKP ¢ pa3buBkoit 1o
MmecsiiaM W jgekanam [9]. Ha ocHoBe Tabnwmbl 5.4 cTpouMm TuiaH — rpaduk
npoBeacHus padot (Tabnuma 5.10).

YYaCTHHUKM ITPOEKTA:

[ - Hay4HbIH pYKOBOAUTEIL, MMM - TUIIIOMHUK.

[To nuarpamMme BHHO, YTO MPOJIOJDKUTEIHHOCTh PA0OT 3aHMMaeT 12,5 neka.
BpewMms BeImosHEeHNs TeXHUYECKOTO TIpoekTa cocTaBuT 102 mus. 13 aux 102 mus —
MPOJIOKUTEILHOCTS  BBITIOJHEHUS  pabOT  AWIUIOMHWKa; 12  nmHe  —

MpOAOJIZKUTCIIbBHOCTD BBIIIOJIHCHU S pa60T PYKOBOIUTCIILA.

5.6.4. CmeTa 3aTpaT Ha NPOEKT
DKOHOMHUYECKOE OOOCHOBAHHUE 3aTpaT Ha BBITIOJIHEHHE MPOEKTA 3aBHCHUT OT

ero cebectoumoctu. HauanbHble NaHHblE - TUIAaH padoT, nepedeHb TpeOyemoil

anmaparypsl, 000py/I0BaHUs, CHIPbSl U MaT€pPUAIOB. 3aTPaThl HA BIIPOEKT:

MaT

lI{rx =K + Ha,.-’n.ﬂ + Hu:.u:u + an + HHRK.?I;
rae Ky - MaTepuanbable 3aTpatsl; K, - 3aTpaTsl Ha 3apabOTHYIO TIaTy;
K. o - 3aTpaTsl Ha conmanbHbele Hy X abl; K, - mpoune 3aTpathl; K, .., - HakmammbIe

pPacxobl.
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Ta6muma 5.10 — Jlnarpamma ["anta

Ne | Bun pabot Herm-mm Tpi, [1po10IKATETHFHOCTD BRITIOJIHEHUS PadboT
paod. DeBp. Maprt Armpenb Mait Hionp
AH 2 3 1 2 3 1 2 1 2
1 | CocraBnenue, yrBepxaenue T3 PykoBomutens | 1
2 | Coop naHHBIX Ui IpoeKkTUpoBanusi | PykoBomutens | 1 =
JIBUTATEIS
JIMIITOMHHK 7 1
3 | [IpoekTupoBaHue ABUraTEIs PykoBomutens | 2 -
Alamnomsik | 39 ———————
4 | KoppekTupoBka 1 JopadoTKa PykoBogutens | 1 I
JIUIIoMHHIK 16 I
5 | CocraBnenue cneunpuKanuu PykoBomutens | 1 |
JIuninoMHuK 3 ]
6 | BemonHenue rpaduveckux pabot PykoBonutens | 2 -
JArioMHHK 11 1
7 CocraBiieHUE ITOSCHUTEIILHON PykoBomutens | 2
3aITUCKH
JUTII0MHHK 17
8 | IIpoBepka u ucnpaBieHne OUTHOOK PykoBomutens | 1 O
JutmoManK 5 1
9 | 3ammra paboThI PykoBomutens | 1 O
JUTII0MHHK 4




MarepuajibHbIe 32aTPATHI
MarepuanbHbi€ 3aTpaThl — 3TO BEJIMYMHA JEHEKHBIX CPEACTB, MOTPAYEHHBIX
Ha 3aKyIKY MaTepHaioB, UCIOJIb3YEMBIX MPU pa3pabOTKE JAHHOTO MPOEKTA.

Tabnuma 5.11 — MartepuanbHble 3aTpaThl Ha BeimojHeHue TI1

HanmenoBanue Ennnnna KomnuectBo [lena 3a 3arpatsl Ha
U3MEPEHHUS el.,pyo MaTepuanbl, pyo.
bymara mjis npunTepa yIIaKOBKa 1 300 300
Pyuxku, kapangamm Mtyx 4 30 120
Cremiep [Tyk 1 220 220
CkopociuBarenb Mtyx 1 120 120
Pacneuarka Jluct 120 2 240
Htoro 1000

3aTpaTbl Ha 3apa00TaHHYIO IJIATY

3apaboTHas miarta (oriata TpyJa paOOTHHKA) - BO3HATrpa)KJeHuEe 3a TPy B
3aBUCUMOCTH OT KBalu(UKaAIMU pabOTHUKA, CIIOKHOCTH, KOJIMYECTBa, KauecTBa U
YCJIOBHI BBITTOTHAEMOM pabOTHI, a TaK)KE€ KOMIICHCAIIMOHHBIE BBITUIATHI (JIOTIIATHI
¥ HaJ0aBKU KOMIICHCAITMOHHOTO XapaKTepa, B TOM YHCIEe 3a paboTy B yCIOBUSX,
OTJUYAIONIUXCSI OT HOPMAJIBHBIX, PA0OTy B OCOOBIX KIMMATHYECKUX YCIOBHUSX M
HAa TEPPUTOPHIX, TMOABEPTIINXCS PAAUOAKTHBHOMY 3arps3HEHUIO, W WHBIE
BBITUTATHI KOMIIEHCAITMOHHOTO XapaKTepa) U CTUMYJIMPYIONIUE BBIIIATHI (JIOTIIATHI
U HaAOaBKH CTUMYJIMPYIOIIETO XapakTepa, NMPEMHH W WHBIE TOOUIPHTEIIHHBIC
BBITUTATEHI.

[lonnast 3apaboTHas TUIaTa BKJIIOYA€T OCHOBHYIO M JIOTIOJHUTEIBHYIO

3apa0OTHYIO MJIATy U ONPENENsAeTCs Kak:

3I'IEI.?.[I'[ = 3IIIIZI'[ + 3,EI;EII'.[-;

r1e 3ocx - OCHOBHAS 3apabOTHas Iu1aTa, pyo.;

3.0n - JOTIONHUTENBHAS 3apaboTaHHas mara, pyo.




OcHoBHas 3apaboTHas 1iata (3ock) UCTIOTHUTENS PACCUUTHIBACTCS UCXOJS U3
TPYJIOEMKOCTH pPabOT M KBAIU(PUIMPOBAHHBIX HUCIOJHUTENEH MO CIeAyIoIen
dbopmyuiie:

Boex = 3 T;

OcH OH pe

rae 3, - CpelHeIHeBHas 3apaboTHas M1aTa paboTHHKA, PYO.;
T, - DPONOIKUTENLHOCTL PAOOT, BHITOJIHACMBIX PAOOTHUKOM, Pad. JIH.

CpenHeHeBHAS 3apabOTHAs IJIaTa PACCUUTHIBACTCS O hopMyIIe:
3 _ 3re + 3k |
aH F '
I
rae  3qc - 3apaboTHas miaTa mo tapudHO craBke, pyo.;
3. - parioHHas gomara, py6. as r. Tomck cocrasnser 30,2 %;
F, - — xomnuectBo paboumx aHed B mecsue (26 mpu 6-1HEBHOI paboueii
Heqene), pad. aH.
Pacuét ocHOBHOI 3apabOTHOM IJ1aThl IPUBEIEH B Tabnuie 5.12.
Pacuer nonosHUTENBHOM 3apab0THOM TUIATHI BEACTCS 1O CIIEAYIOINIeH dhopmyiie:
3,q|:||1 = k,qu:un ’ 3.:,.:,.[,'
rae Kpon - KOIPQHUIMEHT NOMOMHUTENBHON 3apaboTHON IuiaTel (HA CTaguu
NPOCKTHPOBaHUs puHuUMaercs paBHbiM 0,12 — 0,15);
Pacuér nmonHo# 3apaboTHOM TUIaThl MPUBEAEH B TadmMIE 5.13.

Tabnwma 5.12 - Pacu€t 0ocHOBHO#1 3apaOOTHOM TITATHI

Ucnonaurenmn | Tapud | Paiionnsiii | Mecsunas JlHeBHas Koz- OcHoBHas
Hasg | kodddunuen | 3apaboran | 3apaboTaHHAs BO 3apaboTaHH

CTaBKa T, pyo Hasl TUIaTa, miara, pyo. pabou | asmara,

, pyO. pyo ux pyo
JTHEH

PykoBogutens | 30000 9060 39060 1502,3 12 18027,7

JlumioMHuK 12000 3624 15624 600,9 102 61294,2

Hroro 79321,8
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Tabnuna 5.13 - Pacuér nmonHo# 3apaboTHOM MIaThl

Ucnonuutenn Koad. OcHoBHas JononuutensHas | [loxHas 3apaboTHast
JoriaTel | 3apaboTHas miata, | 3apaboTHas miaTa, iara, pyo
pyo py6
PykoBoauTenn 0,15 18027,7 2704,2 20731,9
JIMniaoMHHK 0,15 61294,2 9194,1 70488,3
Hroro 79321,8 91220,2

OTunc/ieHnsi BO BHEOIO:KeTHBIE (POH/IBI (CTPaXOBbI€ OTYUCICHUSA)

OTuucieHus Ha COLUATIbHBIEC HYK/bI — 3JIEMEHT C€0€CTOMMOCTH POTYKIINU
(pabot, yciyr), B KOTOPOM OTpaXXarOTCs oOOs3aTeIbHBIE OTYHUCICHUSA TIO0
YCTAHOBJIEHHBIM 3aKOHOJATEJIbCTBOM HOPMaM TOCYJIApCTBEHHOTO COLMAIBLHOIO
ctpaxoBanuss B @oHA comMalbHOro crpaxoBanus Poccuiickoin ®enepanum,
[Tencuonnsiii poun Poccutickoit denepannu, ['ocynapcTBeHHbIit GOHA 3aHATOCTH
HaceneHust Poccuiickoit ®denepanri U QoHAB 00S3aTETBHOTO0 METUIIMHCKOTO
CTpaxOBaHUs OT 3aTpaT Ha oOIaTy Tpyda pabOTHUKOB, BKIIOYAEMBIX B
ce0EeCTOMMOCTh TPOAYKIMU (paboT, yCIyr) MO 3JIEMEHTY «3arpaThl Ha OIUIATy
Tpyaa» (KpomMe TeX BHJIOB OIUIaThl, HAa KOTOPHIE€ CTPaXxOBbIE B3HOCHI HE
HAYUCIISTIOTCS).

3arparel Ha conuajigbHble oTuucieHus (30% oT 3aTpar Ha 3apabOTHYIO
TIaTy):

3co = 3pomm - 30,2% = 91220,2- 0,3 = 27366 py6.

3aTparhbl Ha HAKJIAJHbIE PACXO/bI

Haknagneie pacxoabl YYMTBHIBAIOT MPOYME 3aTpaTbl OpraHU3alldd, HE
BKJIIOYEHHBIE B TPEABIIYIIME CTaThU PACXOJ0OB: MeYaTh W KCEPOKOMUPOBAHUE
MaTepualioB MCCIEIOBAHUS, OIJIaTa YCIYT CBSI3M, DJIEKTPOIHEPTUHU, MOYTOBBIE U
TenerpadHbie PacXo/Ibl, pa3MHOXKEHUE MAaTEPHAJIOB H T./I.

Bennumna HakmamHBIX PacxoAo0B MpUHUMAETCs B pasmepe 16% ot oOmieit

CyMMBI 3aTpar:




3up = 3noan - 16% = 91220,2- 0,16 = 14595,2 pyb.

5.7. (I)opanOBaHne CMET 3aTpaT TEXHUYCCKOI'o IMPOCKTA

Paccunrannas BeamumHa 3aTpaT TCXHUYCCKOI'O IIPOCKTA SBJIIACTCA OCHOBOH

st popmupoBaHus OroJpKeTa 3aTpaT MPOEKTa, KOTOPBIA MPH  3aKIIOYEHUU

A0TO0BOpa C 3aKA3YHMKOM 3aIUIIacTCsA opraHmauI/Ieﬁ B Ka4CCTBC HUIKHCTO IIPCACiia

3aTpar Ha pa3pabOTKy TEXHUUECKON MPOIYKIIUH.

Omnpenenenue Or0pKETa 3aTPaT HA MIPOCKT NMpUBEACH B TabmuIe 5.14,

Tabnuua 5.14 - CMera 3aTpaT TEXHUYECKOTO MPOEKTA

HaumenoBanue craTbu Cymwma, ThIC.pYO. Crpykrypa 3aTpar, %
1. Marepuanbhsbie 3aTparsl TI1 1 0,7
2. 3arpaThl 110 TOJTHO 3apaboOTHOM 91.23 67.98
IJIaTe UCTIOTHUTENEH MPOeKTa
3. OtuucieHus: BO BHEOIOKETHBIC
bomer 27,37 20,39
4. Haksiagapie pacxo/ibl 14,6 10,88
5. Utoro 134,2 100

O6Hlaﬂ MpOAOJIKUTCIIbBHOCTD BBIIIOJTHCHUSA TCXHHUYCCKOI'O IIPOCKTA COCTABUJIIA

102 pabGouux mus. CocTaBlieH KaJIeHAApHBIM Tpaduk BbIOIHEHUS padoT. Cmeta

3aTpaT Ha pPa3pabOTKy TEXHHYECKOro MpoeKkTa coctaBiuseTr 134,2 Twic.pyd, u3

KOTOpBIX Oosiee 1mosoBuHbI (67,98 %) cocTaBisIIOT 3aTpaThl HA OIUIATY TPY/A.

5.8. Ompenesienue pecypcod(p(heKTHBHOCTH MPOEKTA

Omnpenenenue pecypcoddHEeKTUBHOCTH MTPOCKTa MOKHO OIEHUTH C TIOMOIIHIO

UHTErPaIbHOTO KpUTEpus pecypcodddextuBHocTH 1Mo Gopmysie [9]:

‘Ip:' = Zai ’ bz‘i

rae I,; - uHTerpanbHbIi Mokasaresb pecypcod@PeKTHBHOCTH;

@; — BecoBoU KOA(DPUITUEHT pa3pabOTKH;
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b; — GanpHas orieHKa pa3pabOTKH, YCTaHABIUBAECTCS SKCIICPTHBIM IIyTEM ITO

BBIOpAaHHOM IIKaJle OLEHUBAHMS.

Kpurepuu, cooTBeTcTByIoNMe TPeOOBAHUSIM K CHUCTEME AJIEKTPOCHAOKEHUS

MPOMBIIIICHHBIX TPETPUSITHI:

1.

DKOHOMUYHOCTh: ONTHMH3AIUS 3aTpaT Ha JJICKTPUYECKYH0 YacTh
NPEeANPUATUS HA CTAIUU MPOEKTUPOBAHUS MPUBOAUT K MX YMEHBIICHHUIO
Ha JIOJM TPOIICHTOB, B aOCOJIOTHOM € HM3MEPEHHU peub HACT 00
HPKOHOMUH 3HAYUTEIHHBIX CPEJICTB.

['uOxocTh: BO3MOXKHOCTh YaCTBIX MEPECTPOEK TEXHOJIOTUU MPOU3BOJICTBA
U Pa3BUTHUS TPEATIPHITHS.

besomacHocTh:  obecnedyenwe — Oe3omacHocTH — paboOT, KAk JUIS
AIEKTPOTEXHUIECKOTO TIEpPCOHaja, TaK M JIJIs HE JICKTPOTEXHUYECKOTO;
OObecnieueHre HAAIEKAIIETO KadyecTBa AJICKTPOIHEPTHH: KadeCTBO
DIIEKTPOIHEPI UM, yaoBieTBopsroiiee TpedboBanusm ['OCT 13109-97 [15].
HanexxHocth: 6ecniepeboitHOoe CHaOXeHUE AJEKTPOIHEPruel B mpenaenax
JOMyCTUMBIX TIOKa3aTeie €€ KadecTBa W WCKIIOYCHHE CHUTYyaIluH,
OTIACHBIX IS JIFOJEH U OKPYIKAIOIIEH CPEBI.

[IpoctoTa W ymoOCTBO B 3KCIUTyaTalldd: BO3MOXKHOCTH HCIIOJIb30BaHHUS
MEePCOHATIOM 00Jiee JOCTYITHOTO, aBTOMATH3UPOBAHHOTO W aJalTUBHOTO
M0 KOHCTPYKIIUU TEXHUYCCKUM XapaKTCPHUCTHUKAM 3JICKTPOOOOPYAOBAHUS
Ha TIPEANPHUSATHH.

OHeprodhPeKTUBHOCTD: MCIIOIH30BAHNE MEHBIIEr0 KOJIMYECTBA SHEPTHUH
st o0ecredeHus yCTAaHOBJIICHHOTO YPOBHS TOTPEOJICHHUS DHEPTUU B

3JaHUAX o0 IIPpHU TCXHOJOINYCCKHUX IMPOLCCCAax Ha ITPOU3BOACTBC.

Kpurepun pecypcorpPexkTUBHOCTH U MX KOJUYECTBEHHBIE XapaKTEPUCTUKU

npuBeIeHBI B TabuIie 5.15.

Pacuer HHTCIPAJIBHOI'O IMTOKA3aTCIIA pecprOB(b(I)eKTI/IBHOCTI/I TCXHHUYCCKOI'O

IMPOCKTa COCTABUT:
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I,,=4-015+4-010+5-0,15+6-0,18+5-0,20+4-0,07+4-0,15=
4,71
Tabnuna 5.15 - CpaBHUTENBHAS OLIEHKA XapaKTEPUCTUK MPOEKTA
Kpurepuu BecoBoii ko3 durnpent bamnbnas oneHka
pa3paboTKu

1. DKOHOMUYHOCTE 0,15 4
2. 'ubxocTthb 0,10 4
3. BesomacHoCTh 0,15 5
4. ObGecrieueHue HaJJISKAIIETO KauecTBa 0,18 5
AIIEKTPOIHEPTUU
5. HanexxHocThb 0,20 5
6.IIpocToTa M y100CTBO B IKCILTYaTAIHH 0,07 4
7.9ueprordheKTUBHOCTh 0,15 4
Hroro: 1,00

[Tokazatenb pecypcodPphHeKTUBHOCTH MPOEKTAa UMEET JOCTATOYHO BHICOKOE
3HayeHue (mo 5-0a/uibHOM  1IKaie), 4YTo TOBOPUT 00 3ddekTuBHOCTH
WCIIOJIb30BAHUSI TEXHUYECKOTO TIpoeKTa. Bwicokme Oamipl HAASKHOCTH U

HOMeXOYCTOﬁqHBOCTH IMO3BOJIAIOT CYAHUTHh O HAACKHOCTH CUCTCMBI.

BeiBoa no pasaeny « PMHAHCOBBIM MEHEIKMEHT, pecypc 3¢ eKTuBHOCTH
U pecypcocOepeskeHue»

B pesynbTaTe BBINOIHEHUS 3a/ay MO JAHHOMY pasjieny ObUl MPOU3BENEH
SWOT-ananm3 npu MOMOITYA KOTOPOTO, BBISBJICHBI CHJIBHBIC U CIIA0bIE CTOPOHBI
JAHHOTO HcclieoBaHusA. Takke COCTaBJieH IJIaH-TpaduK HAyYHO-TEXHUYECKOTO
uccienoBanus. Ji1 WITIOCTpauy KaJeHAapHOro rpaduka Oblaa MCIOIb30BaHA
nuarpamma ['anrta, oOnamaroniasi BRICOKON cTeneHbio nHpopmatuBHocTU. OOmmas
POJOJDKUTENBHOCTh HccienoBanus coctaBmwia 102 nus. CocraBieHa cmeTa
TEXHUYECKOT0 MPOEKTA, KOTOPAs 1aeT OLIEHKY NEPBOHAYAILHOM CyMMBI 3aTpaT Ha
peanu3anuio TeXHUYecKoro mpoekra. K ToMy jke Obula mpoBeleHa OICHKa
pecypcodP(HEeKTUBHOCTH MPOEKTa [0 MHTErpajbHOMY MOKa3aTeao, KOTopas
MoKa3zajga JIOCTaTOYHO BBICOKMI pe3ynabtar - 4,71. A 3TO 3HAYUT, YTO MpHU

peanu3zanus NpoexT oyaeT 3pGHEeKTUBHBIM.
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6. COHUAJIBHAS OTBETCTBEHHOCTD

BBenenue

B nannom pasnene BKP npoananusupoBaHbl M pa3paboTaHbl MeEphl IO
OpraHM3alluM YCIOBUN Tpy/a NMPH BHIIOIHEHUH paboT Mo cOOpKe OECKOHTAKTHOTO
JBUTaTelsl OCTOSIHHOTO TOKA, COOTBETCTBYIOIIMX MPABOBBIM HOPMamM TPYJIOBOIO
3aKOHOJAATENBCTBA U HOPMATUBHBIM JOKYMEHTAM.

IIpoekr BKP orHocuTcs X cpeactBaM yIpaBlieHHMsT B 00JacTu
KOCMOHAaBTUKH, opueHTauuu u cradmwimmzanuun KA. CymHoctes npoexkta BKP
IpEeCTaBIsIeT COO0M MPOEKTUPOBAHUE AIIEKTPOIPUBOAA ISl CHCTEMbI OPHUEHTALUU
KA. DnexTponpuBoj MpeAcTaBlieH JIBUraTeIeM-MaxOBUKOM, KOTOpPbIM Hauboliee
3 (HEKTUBHO MOXKET OBITh HUCHOJIB30BaH B MaJblX KOCMHYECKHMX ammaparax
(MKA). B Hacrosimiee Bpemsl [BHUraTelIM-MaXxOBHUKH CO3JAIOTCS Ha OCHOBE
OECKOHTAKTHBIX JBUTAaTeNIed IOCTOSIHHOTO TOKa, O0ECIEeYMBAIONIME XOPOUIYIO

PEryJIMPOBOYHYIO XapaKTEPUCTUKY B IIUPOKOM JAUAINA30HE YIIIOBBIX CKOPOCTEH.

6.1. IIpaBoBble H OPraHU3aNMOHHBbIE BONMPOCHI 00eCeYeHust

0€301MacHOCTH

JIns  ocymIecTBIEHHUSI TPYAOBBIX 00S3aTENbCTB  JIOMYCKAKOTCS  JIULA,
nocturmue 18-meTHero  Bo3pacTta, NPOIIEANINE  CIEIUaIbHOE O00ydYeHHe,
MEIMIIMHCKOE OCBUIETEIbCTBOBAHME U MHCTPYKTAX IO OXpaHEe TPyJa Ha JAaHHOM
pabodem mecre.

Paboune 00s3aHbI MPOXOAUTH MEPUOIUUECKOE MEJIMIIMHCKOE
ocBujieTeNbCcTBOBaHME. JIuia momoxe 21 roma — exeroaHo, crapmie 21 roma —
KaxJple Tpu roga. B nexe Hamuune yKOMIUIEKTOBAHHOW MEIMIIMHCKOM anTeyKu
00s3aTEIBHO.

Pabouune momxHbl ObITH 0OecneueHsl padbodeit onexaon, a takke CU3. s

KaxJioro paboyero BeiaenseTcs mikad s xpaHeHus pabdodeit oxexanl u CU3.
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PaGounii 00s3aH TOCTOSIHHO KOHTPOJUPOBATh U TMOJJICPKUBATH TEXHUUYECKOE
UCIIPAaBHOCTb CTAHKOB, MHCTPYMEHTOB U IPUCIIOCOOJICHUN.

Pexxum pabodero BpeMEHU MISCTUIHEBHBIA C OJHAM BBIXOAHBIM JTHEM
cornacuo ct. 100 TK P® [13].

[lepconanbHble TaHHBIE PAOOTHHUKA MOTYT 00padaThIBATHCS TOJIBKO B LENSIX
oOecriedyeHus1  COONIOZICHUS  3aKOHOB, HOPMATUBHBIX  IPABOBBIX  aKTOB,
TPYJIOYCTPOMCTBE, TMOJy4YeHUH OOpa3oBaHUs, NPOJABWIKEHUU IO  CIIykOe,
oOecrieyeHus JMYHOM O€30MaCHOCTH PAOOTHHUKOB, KOHTPOJISI BBINOIHIEMOM
paboThl U oOecleueHus COXPAaHHOCTH uMyIlecTBa. llepcoHalbHBIE JaHHBIC
paboOTHHMKA HE MOTYT MepeNaBaThbCsl TPEThEl CTOPOHE 0€3 MUChMEHHOIO COrJlacus
padoTHumKa (cT.86, 88 TK Pd) [13].

B nporecce npousBoicTBa Ha pabOTHUKA MOTYT BO3JIECTBOBATH BPE/IHbBIE
U omacHble (akTopsl, cornacHo ¢r.147 TK P® [13] omnara Tpyma Ha pabortax ¢
BpPEIHBIMU U (WJIH) ONTACHBIMH YCJIOBUSIMHU TPY/la B TIOBBIIIIEHHOM pa3Mepe.

Kaxnpiii paboTHUK uMMeeT mpaBo Ha pabodyee MeCTO, COOTBETCTBYIOIIEE
TpeOOBAHMUSIM OXpaHbl TpyAa; OOs3aTEIbHOE COLMAIBHOE CTPaXxOBaHHUE OT
HECYACTHBIX CIy4aeB Ha MPOU3BOJACTBE U NPO(ecCHOHATbHBIX 3a00JIeBaHUN W3
dbenepanbHoro 3akoHa 00  00s13aT€TLHOM  COITMAJILHOM  CTPAaXOBaHUU  OT
HECYACTHBIX CIIy9acB Ha MPOU3BOJICTBE U MPOPECCHOHAIBHBIX 3a00JIEBaHUA.

[IpousBogumbie paboOThl OTHOCATCS K Karteropuu Ila - HHTEHCHUBHOCTH
sHeprozarpar 151 — 200 kkan/u (175 — 232 BT), cBsi3aHHBIE C MOCTOSIHHOU
X0ZIb0O0H, mepeMeneHneM MeIKuX (101 Kr) u3nenuit win mpeIMeToB B MOJI0KEHUN

CTOSI MJTH CHJISl M TPEOYIOIINE OTPEACTICHHOTO (pru3rueckoro Hanpspkenus [12].

6.2. IIpou3BoacTBeHHasi 0€30MACHOCTH

Coznanue ycnmoBuit misi 6€30macHOro, KOM(MOPTHOTO TpyJa O0O0ECIeYNBAIOT
BBICOKYIO TPOM3BOIUTEILHOCTh. [l03TOMYy HEOOXOIMMO MPOAHATU3UPOBATH W

YCTPaHUTh BPEJIHbIE U ONACHbIE (PAKTOPbI, UTO SABJSAETCA 3a/1a4eil OXpaHbl TPYIa.
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Oxapakrepu3oBarb pabouee MECTO MOXXHO HAJIMYMEM OIACHBIX U BPETHBIX
(dakTopoB, KoTOpble pasaeisitor mo rpynmnam 3iementoB: (FOCT 12.0.003-2015
CCBT. OmacHeie u BpeaHbIE MPOU3BOACTBEHHBIE (akTopsl. Kitaccudukarms [18]).

Tabnuma 6.1 - OcHOBHBIE 3JIEMEHTHI MPOU3BOICTBEHHOTO Ipoliecca,

(dbopMupyroIIHe ONacHble U BpeaHbIe (DaKTOPHI MPU BBIITOJIHEHUHN paboT

®dakTopbl Oransl padot HopmatuBHsbie
(TOCT 12.0.003-2015) - = = JOKYMEHTBI
& |2 | g&
SE|=5|AF
1.01kn0HEHNE oKaszaTenei + + + TpeboBanus K MHUKPOKIIUMATY
MHKPOKJIIMATa ycranaBiauBatorcs CanlluH 2.2.4.548- 96
2. IpeBblilieHUe yPOBHS IIyMa + + [12].
TpeboBaHus K 1myMy B TIOMEHICHUU
ycranaBimuBatorcs CH  2.2.4/2.1.8.562-96
3. [ToBbI1IEHHBII YPOBEHb + + + [21].
BHOpanuu [IpousBoacTBeHHAs BHOpanus
4. Hepocraroussii  ypoBeHb |+ + + | ycranapnmuBaercas CH 2.2.4/2.1.8.566— 96
OCBEIICHHOCTH [22].
TpeboBanus K OCBEIIIEHUIO
ycranasmuBarorcs CHull 23-05-95 [23].
5. DeKkTpHYecKuii TOK + *t | TpeboBanus K seKkTpobe3onacHocTH [24].
TpeboBaHUS K JABIKYIIUMCS MeXaHHU3MaM
[25].
6.JIBrxymuecs MeXaHu3Mbl + +

6.3. AHaJHM3 ONACHBIX U BPEAHbIX MPOU3BOICTBEHHBIX (PAKTOPOB

1. OtknoHeHue noka3areaei MUKpPOKIUMaTa

MuKpoKIuMaT MPOU3BOJCTBEHHBIX MMOMENIEHUI WIpaeT Ba)XKHYIO POJIb IS
310pOBbsl paboTHHKA. OH MpeacTaBiIsieT co00i KOMIUIEKC (pU3HUEeCKUX (HaKTOpOB,
KOTOpbIE OKa3bIBAlOT BIMSHHUE Ha TEINIOOOMEH YesnoBeka. Bwicokas Temmeparypa
BO3]lyXa CIIOCOOCTBYET OBICTPOI YTOMIISIEMOCTH PAa0OTAIOIIETO, MOYKET IPUBECTH K
neperpeBy OpraHusMma, TemioBomy yaapy. Huskas temmeparypa BO3ayxa MOMKET
BbI3BaTh MECTHOE WJIH OOIllee OXJAKICHUE OpraHu3ma, CcTaTb HPHYUHON
npocTyAHOro 3abosieBaHusi MO0 oOMopokeHus. s atoro pabouue ycrnoBus

NOoAACPKUBAIOT B IIPCACIaX TUTUCHUYCCKUX HOPM.
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Temneparypa BoO3Iyxa — OTO OCHOBHOW (hakTop, oOmpenemstomuni
METEOpPOJIOrHYeCcKre ycaoBus. Terao B pe3yJbTaTe NPOU3BOJCTBEHHOIO Mpolecca
OKa3bIBaeT BIIMSIHUE Ha TEMIEpaTypy BoO3lyXxa B MoMeleHud. OnTumanbHas
TEMIIEpAaTypa BO3AyXa AJISI XOJOJHOTO M TEIJIOr0 IMEepUoJa roja MMEET pa3HbIe
3HaueHus: (Tabmuma 6.2). B XomomHblid mepuonx roga Oaraped IEHTPAILHOTO
OTOIUICHUS OJJICPKUBAIOT HEOOXOJUMYIO TEMIIEpPATypy BO3IyXa.

BiiaxxHOCTh BO3/lyXa TaK)K€ 3HAUUTEIIBHO BIMSET HA CAMOYYBCTBHE YEJIOBEKA,
TaK KaKk OT 3TOr0 3aBUCUT TEIUIOOOMEH OpraHu3Ma C OKpY’Kawolled cpeaoi.
OntumansHas HOpMa OTHOCHTEIbHOU BiakHOCTH - (40-60) %.

JIBuKeHUEe BO3[yXa BHYTPHU MOMEHICHUS MNPOUCXOIUT MPU HEMPEPHIBHOM
JBIKEHUU (HarpeBe) BO3AYIIHBIX Macc B mIpocTpaHcTBe. /s ocyiuecTBieHus
OpPraHM30BaHHOTO UM KOHTPOJIUPYEMOTO BO31yX0O0OMEHa, 00eCleuynBarOIIeTo
yAalleHhe W3 TOMEIIEHHs] BO3/yXa, 3arpsA3HEHHOr0 IMbUIbIO, MapaMu, Ta3aMu
UCTIOJB3YIOT CHCTEMY BEHTWIAIMH, KOTOpas oOecrneynuBaeT He0OX0AUMYIO
BJIKHOCTb U CKOPOCTb JIBH>KCHUS BO31yXa.

CaHuTapHble TMpaBUjia YCTAHABIMBAIOT TUITMEHUYECKHE TpEOOBaHUS K
NoKa3aTesssM  MHUKpPOKJIMMara pabo4uMx MeCT C YyYeTOM HHTEHCHUBHOCTH
sHepro3arpaTr padoTalolMX, BPEMEHHU BBIMIOJIHEHHUS PaOOThI, MEPUOAOB Toja M
coJepKaT TpeOOBaHUS K METO/IaM U3MEPEHUS U KOHTPOJIST YCIOBUIA.

Tabnuma 6.2 — OnTuMaabHBIC U IOMyCTUMBIE BETUIMHBI TOKa3aTeen

MHKpPOKJIIMaTa Ha pabounx Mecrax B 1exy cOopku [12]

Ilepuon Kareropus Ontum | Honmyctum | Ontuma | Jomyc | Cxopocts | CkopocT
roaa pabor anpHas | as JIbHas TUMas | OBIDKCHUS | b
TEMIIEp | TeMIlepaTy | BIaXXHO | BJIaXH | BO3Ayxa JIBH>KEHU
arypa, pa, °C CThb, % OCTb, OIITUMAIIb | A
°C % Hasi, M/C BO3/yXa
JOMYCTH
Masi, M/c
Xononueiii | Cpenneit 17-19 21-23 40-60 15-75 | 0,1 0,3
TsoxectH Ila
Termnwri Cpenneit 18-20 22-27 40-60 15-75 | 0,1 0,4
TsokectH Ila
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2. IlpeBbilieHNE YPOBHS IIyMa.

['MaBHBIMM ~ HCTOYHMKAMM  IIyMa  HAa  MPOU3BOJCTBE  SABISIIOTCSA
IPOM3BOJICTBEHHOE 000PY/I0BaHUE, a TAK)KE BEHTIIIALIMOHHAS CUCTEMA.

3BYKOBBIE KOJieOaHUs, CO37aBacMble Ha MPOU3BOJICTBE, CIIOCOOHBIE OKa3aTh
BpeHOE BO3JICUCTBME Ha OE30MAaCHOCTh U 3J0pOBbE pabOTHUKa, Haunbojee
HEraTUBHO Ha OpraH ciyxa udesoBeka. 3BykoBoe nasieHue 10 40..70 nb co3naer
3HAUUTETFHYIO0 Harpy3Ky Ha HEPBHYIO CHUCTEMY, KOTOpas BBI3BIBACT YXYJIIECHUE
CaMOUYyBCTBHSI U MOXET ObITh IPUUYMHON HEBPO30B, CBbIIE /5 1b MOXeT mpuBeCTH
K TpodeCcCHOHATBHOM TYTrOyXOoCTH — moTepe ciyxa, Oomee 140 nb Bo3moxkeH
pa3pbIB OapabaHHBIX MEPEIIOHOK, KOHTY3HsI, 6ojiee 160 n1b u cmepTh. [16]

[IpenenpHO [OMyCTUMBIE YPOBHU IIyMa TMpeAcTaBlieHbl B Tabmume 6.3
cornacHo nmyukry 5 CH 2.2.4/2.1.8.562-96. [21].

Tabmuna 6.3 — [IpeensHO TOMyCTUMBIE YPOBHH IITyMa

YpoBHU 3BYKOBOI'O JaBJIeHHUs, 1b ITo

Pabouee 315 |63 125 250 500 1000 | 2000 | 4000 | 8000 | mxkane
MECTO

C6opounbIit 107 | 95 87 82 78 85 83 81 69 80
nex

CpenctBa MHIMBHUIYaTbHOM 3alUTHI BKIIOYAIOT B C€0S MPOTHUBOLIYMHBIE
BKJIQZBIIIN (OepyIIN), HAYIIHUKY, IUIEMbI U KaCKH, CTIelUaIbHbIe KOCTIOMBI.

CpeacTBa KOJUIEKTMBHOW 3allMThl MPEICTABICHBI: YMEHBIIEHUEM ILIymMa Ha
NyTH €ro pacllMpeHUuss U HENOCPEACTBEHHO B HCTOYHHMKE, OPraHU3alMOHHO-
TEXHUYECKUMU MEpaMu, apXUTEKTYPHO-TJIAHUPOBOYHBIMU MEPAMHU

1. TloBbllLIEHHBIN YPOBEHb BUOpAIIUU

HctouynnkoM BHOpanuu B I€Xax SBISIFOTCS MEXaHUYECKHE KoJeOaHUs
pa3NMYHBIX CTAaHKOB, B pE3yJibTaTe KOTOPOW MPOUCXOJAT H3MEHEHUS B
Gu3n0NIOrNYecKoM U (PyHKIIMOHAIBHOM COCTOSIHHH YEJIOBEKA.

W3meHenus B pU3MOJOTHYECKOM COCTOSSHUM OpraHU3Ma: pa3BUTHE HEPBHBIX

3a00seBaHMi, HapylIeHre QYyHKIUN CepACYHO-COCYAUCTON CUCTEMbI, HApyIICHUS
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(GYHKIMI OIOPHO-IBHUTATSIILHOTO ammapara, MOpaKCHHWE MBIIICYHBIX TKaHEH W
CYCTaBOB, HapyIIeHUE (PYHKIMI OPraHOB BHYTPCHHEH CEKPEIUH.

V3meHenuss B (QYHKIMOHAILHOM COCTOSIHMM OpraHWU3Ma. ITOBBINICHHUEC
yTOMJIIEMOCTH, YBEJIMYCHHE BPEMCHU JIBUTATCIIbHOW W 3PHUTEIBHON peakiuu,
HapyIICHUE BEeCTUOYIISIPHBIX PEAKIMi U KOOPIUHAIIMH IBUYKCHHIA.

[lepeunciieHHbIE W3MCHEHHS B OpraHW3ME TPUBOAST K BO3HHKHOBCHHIO
BUOpAIIMOHHOM 00JIC3HHU, M K CHIDKEHUIO TIPOU3BOIUTEILHOCTH TPY/A.

HopwMmbl BuOparuu mnpejacraBicHsl B Tadmuie 6.4 [26].

Tabnuma 6.4 — Hopmer Bubpanuu

Bun Bubpanuu CpenHexkBaapaTU4Has 4yacToTa, [ 11

Jlorapugmuyeckuii ypoBeHb BUOPOCKOPOCTH
1 2 4 8 16 | 315 | 63 | 125 | 250 | 500
[Tpon3BOACTBEHHBIH T1EX - 103 | 100 | 101 | 106 | 112 | 118 - - -

JUis yMEHbILIEHUsI CTENEHHU BO3JEMCTBUS BUOpallMM Ha OpraHU3M 4YelOBeKa
IIPUMEHSIOT CPEACTBA MHANBUIYAIbHON U KOJUIEKTUBHOM 3aIUTHI:

CpeacTBa MHAMBUIYATBHON 3alIUThl: BUOpO3alIUTHAs 00YyBb, NEPUYATKU CO
CHeUUaIbHBIMU YIPYTroAeMI(pUPYIOIIUMH 3JIEMEHTAMM.

KomnextuBHblE  CpeAcTBa  3alUTB:  OTPAaJUTEIBHBIE  YCTPOWCTBA,
BUOpOM3OJIMpYIOIIKE, BHUOporacsiie ¢ BUOpPONOIJIOLIAIONINE YCTPOMCTBA,
YCTPOMCTBA JUCTAHIIMOHHOTO YIIPABJICHUS.

2. HenocrtaTouHblil ypoBEeHb OCBEIICHHOCTU

[IpaBWJIBHO  BBINIOJHEHHAsl CHCTEMA OCBEIICHUS IO3BOJUT  CHU3UTH
IIPOU3BOJICTBEHHBIN TPAaBMATU3M, YMEHBIIUTD NOTEHIMAIBHYIO OITACHOCTh MHOTHUX
MPOU3BOICTBEHHBIX (haKTOPOB, 0OECMEYNB BBICOKYIO TPOU3BOAUTENHbHOCTD.

Ha mnpownsBoacTtBe NPUMEHSAIOTCA €CTECTBEHHOE OCBEILIEHHE, KOTOpPOe
CO3JAETCA COJHEYHbIM M3Jy4YeHUEM U HUCKYCCTBEHHOE, OCYIIECTBISEMOE
AIEKTPUYECKUMU JIaMIaMu. ECTECTBEHHOE OCBELICHUE MOJIOKUTEIBHO BIIASET Ha

3PCHUC, IICUXOJTOTUYICCKOC COCTOAHUC U TOHU3UPYCT OPraHu3M YCJIOBCKA B IICJIOM.
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OcBelieHHOCT, Ha paboyeM MecTe He JO0JKHA BBI3BIBATH HAMPSKCHUS
3peHuss pabouero. OpraHbl 3peHUs YTOMISIOTCS OT HEAOCTATOYHOW WIIU
MOBBIIIEHHON OCBEIIEHHOCTH U HEMPABUILHOIO HAMPABJICHUS CBETA.

TpeGoBaHHs K  OCBELIEHHOCTH  MPOM3BOJICTBEHHBIX  MOMEIIECHUN
ycranaBnuBatotcs canutapueiMu Hopmamu CIT 52.13330.2016. Hopmuposanmue
MPOU3BOJICTBEHHOTO TOMEUICHUSI TPOU3BOJUTCS B 3aBUCUMOCTH OT Xapakrepa
3pUTENIbHOM paboThl, pazMepa oObekTa U (pona. Ilpu pabore 3a KOMIBIOTEPOM
OCBCIIIEHHOCTh IMoMeIeHus JojpkHa coctaBiath 300-500 JIk, a OCBEIIEHHOCTH
sKkpana He 6osee 300 JIk [14].

JUiss  nocTMKeHusT TakuxX TpeOOoBaHWM, 1€1ecO00pa3HO HCIOIb30BaTh
TAIOTEHHYIO JlaMIly MOIMHOCTBhIO 12 Bt, maromryto ocBemeHHocTh B 340 Jlk.
HauMenpminii 0OBEKT pa3iuuus — 3TO JMHUM 4YepTexka ABUTATeNs, TOJIIMHA
koTtopbix 0,3 MM mno 0Oa3oBeiM HacTpoiikam mnporpamme KOMIIAC. Ilpu
BBINIOJIHEHUU  PabOT  pEKOMEHIyeTCs  KOMOMHUPOBAHHOE  HCKYCCTBEHHOE
OCBEILIEHHE, KOTOPOE MO3BOJISIET PABHO PACHpENeNsiTh CBET MO BCEH IIOMIAIM.

3. DIIEKTpUUYECKHI TOK

B  mnpomecce  mpouw3BOACTBA  BO3MOXHBI ~ TMOPaKEHUS  PaOOTHHKOB
NIEKTPUYECKUM  TOKOM, JJEKTpUYeckol ayru. MWM3-3a  4ero BO3HHUKAIOT
AIIEKTPOTPABMBI U podecCHOHANTbHBIEC 3a00IE€BaHNUS.

CrerneHb BO3JCHCTBUS Ha YEIOBEKA IEKTPUUECKOTO TOKA 3aBUCUT OT: poJia U
BEJIMYMHBI HAIMPSHKEHUS U TOKA; YAaCTOThI 3JIEKTPUUECKOTO TOKA; MyTH TOKA Yepe3
TEJIO 4YeJOBEKa; MPOAOKUTEIILHOCTH BO3JCUCTBHUS AJIEKTPUUYECKOTO  TOKA;
YCJIOBUM BHEIIHEN CPEIBI.

JleficTBYIOIIMMU HOPMATUBHBIMU ToKyMeHTaMmu siBisitoTcst: ['OCT 12.1.019-
2017 Cucrema crangaptoB 6e3onacHoctu Tpyaa (CCBT). DnexTpobe30nacHOCTb.
OoOmue TpeboBaHWs W HOMEHKIAaTypa BuaoB 3amuThl [24], TOCT 12.1.038-82
CCBT. Dnexrpobe3zonacHOCTh. I[IpenenbHo MOMycTUMbIE 3HAUYEHMS] HAMpPsHKEHUN

PUKOCHOBEHUS ¥ TOKOB (¢ M3menenneMm N 1) [17].
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Obecnieunt 3amUTy OT CIYYaWHOTO NPUKOCHOBEHHSI K TOKOBEAYIIUM U
METAJUTMYECKUM HETOKOBEAYIIUM YaCTsIM CIEIYIOIINE KOJUIEKTUBHBIE CIIOCOOBI U
CpEIICTBA: 3alUTHBIE OOOJOYKH, 3aIMUTHBIC OTPAXKACHUS, 3AIIUTHBIE Oaphepsl,
0e30MacHOe pPACMOJOKEeHHE, HU30JAIUs padodyero MecTa, Majoe HampshKeHHe,
3aIIUTHOE OTKJIFOYEHHUE, DJJEKTPUUECKOEe pas3feieHue, MpeaynpeauTebHas
CUTHaIM3aIus, OJIOKUPOBKH, 3HAKH 0€30TIaCHOCTH.

B  kadecTBe  WHAMBUIYAJIBHBIX  CPEACTB  3alIUTHl  MPHUMEHSIIOTCSA
AKPAHUPYIOIINE KOMIUIEKTHI (KOCTIOMBI, IepyaTKu, 00yBb), KOBPUKH, MOJICTABKH,
KOHTAKTHBIE BBIBOJIbI U IEPEMBIUKHU, TPOBOJHUKH C 3aKUMaMH U T.]I.

4. JIBuxKyIIMecss MeXaHU3Mbl

JIBuKyIyecs MEXaHU3Mbl M UX YaCTH OIMACHBI JJisi pabodvero B IMOIYYECHUU
MEXaHUUYECKUX TPaBM MpU UX GYHKIIMOHUPOBAHUU. MeXaHUUECKHUE TPABMbI MOTYT
OBITh MOJIYYEHBI B TEX 1[€XaX, I'JI€ UCMHOJIBb3YIOTCS MOJABUXKHBIE MEXaHU3MBI U MPHU
MIPOBEJECHNUH TPAHCIIOPTHBIX, MOHTAXXHBIX ONEpallMii Ha MPEIPUATHSIX.

VYcnoBus CylecTBOBaHMS MOTEHIIMAIBHON OMACHOCTH BO3JEHUCTBUSI 00BHEKTa
(IBMXKyIIErocs MEXaHW3Ma) Ha YeJlIOBeKa MOXET ObITh MpelycMOTpEeHa
TEXHOJIOTUYECKUM TMPOILIECCOM, HEAOCTaTKAMU B MOHTaXXE€ W KOHCTPYKUHUHU
0o0beKTa, BO3HUKHYTh MNpPU M3MEHEHUUM TEXHOJOTMYECKOro Tpoliecca U
NPUMEHEHUU JApYyroro Tuma oOopyaoBanus. TpeboBaHuS K MHHUMAIbHOMY
pacCTOSIHUKO OT CaMOW KPYNHOM 4YacTH TeJla, IIOJABEPKEHHOW pPHUCKY, U
JBYOKYIITIMCSI MEXaHU3MOM TIPEJICTaBIICHBI B TadymIe 6.5 [27].

Tabnuma 6.5 - MuHuMaIbHBIC PaCCTOSHUS, YCTPAHSIOINIUE 3allleMJICHHUE Tela

Yacts TEna MuHUMaIIBHOE PACCTOSIHUE, MM
Teno 500
["onoBa (HebaaronpusTHas 1M03a) 300
Hora 180
Croma 120
ITanabmel HOT 50
Pyka 120
Kucth pyku, cycTaB, KyJaK 100
[Tanen 25
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6.4. MeponpusiTusi MO CHHKEHHIO YPOBHS BO3/1eiiCTBHUSI ONMACHBIX U

BpeAHbIX (PAKTOPOB HA HccJieoBaTe sl (padoTamomero)

Bcem paboTHukaM mnpeanpuATds HEOOXOAMMO IPOWTH HMHCTPYKTaX II0
TEeXHUKE 0e30macHOCTU - BBOJAHBINA W mepBuuHbA [20]. [ToBTOpHBIH MHCTPYKTaX
IPOXOJAT IOCJI€ BBOAHOIO M MEPBUYHOIO HHCTPYKTAXKEW dYepe3 HEKOTOPHIN
IPOMEXYTOK BpeMeHH. [IpoxokaeHne HMHCTpYKTaka OTMEUaeTcs B KypHaJe IO
TeXHHKe Oe3omacHOCTH. Takke mepea HadajaoM paboOThl HYXKHO TPOBEPHUTH
UCIPAaBHOCTh 00OPY10BaHUSI.

HeoOxoaumblli MUKPOKIMMAT B TIOMEUICHUH TOACPKUBACTCS C TOMOIIBIO
CHCTEM BEHTWISIINH, TEIUIOCHAOKEHUS.

PaBHOMEpHOCTD OCBELLEHUS oOecnieunBaercs C HOMOIIIBIO
KOMOMHHMPOBAaHHOTO  OCBEIICHMS, CBETJIOM OKpacKH TIOTOJIKA, CT€H U
IIPOU3BOJICTBEHHOT'O 000PYAOBaHUS.

Jliss yMEHBIIIEHUSI ypPOBHS MIyMa MPEINPHHUMAIOT CICAYIONUE MEPHI:
OPOEKTUPYIOT TEHEpPaIbHbI IJJaHa OOBEKTa C TOYKM 3pEHHUS aKyCTHKH,
YCTaHABIMBAIOT 3BYKOM3OJIAIIMOHHBIC OTPaXACHUSA, I HaumOoJee NIyMHBIX
arperaToB 3BYKOM3OJHUPYIOUINE KOXYXH U aKyCTUYECKHE SKpaHbl, MPUMEHSIOT
JVICTAaHIIMOHHOE YIIPABJICHWE, a B CHCTEMaX BEHTWISAIIMHA M KOHIUIIMOHUPOBAHUS
BO3ayxa Diymmrenu myma [15, 16]. i yMeHbIIeHUS BIMSHUS BUOpanui
IPOEKTUPYIOT CTAHKU U MEXaHU3Mbl C MUHUMAJIbHBIMU BHOpAIUSMU; IPUMEHSIOT
CHelMabHbIE CPEACTBA BUOPO3AILUTHI; 000PYJOBAaHUE BUOPOU30IUPYIOT.

[Tpon3BOACTBEHHOE MOMEIIEHHE OTHOCHUTCS K IMOMEHIEHUsIM 0e3 0co0oii
OINACHOCTH MOPAXKCHHUS SJICKTPHUSCKUM TOKOM COTjIacHO Tabmuie 6.6 [28].

Tabnuna 6.6 — Kareropun nomemnienus

Kareropusi nomenieHus [IpoekT HOBOM pepakuuu [TYD
be3 noBBIIEHHON ONTACHOCTH >50 B nepem. Toka
>120 B nocT. Toka
C MOBBIIIEHHOM OMACHOCTHIO, 0CO00 >25 B nepeM. Toka
ONACHbIC HAPYKHBIE U
5JIEKTPOYCTaHOBKH >60 B mocr. Toka
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Jns  mpenoTBpamieHuss — MOPaKEHHUSI  AJEKTPUYECKUM  TOKOM TP
NPUKOCHOBEHUHM K  METAUIMYECKUM  HETOKOBEAYIIUM  YacTsM  CJeayeT
MCII0JIb30BaTh 3aIIUTHOE 3a3€MJICHUE.

Koxxyxu MexaHu3MOB OTrpaHUYMBAIOT JOCTYI K JBIXKYIIUMCS MEXaHU3MaM.
Takxe MPEOXPAHUTEIIbHBIC YCTpOICTBA, npeaHa3HAYCHHBIC VTSt
ABTOMATHUYECKOT0 OTKJIIOYEHUS arperartoB U MallliH MPU OTKJIOHEHUU MapaMeTpoB
paboTel  00OpYJOBaHHUS, CIOyXaT CpPEICTBAMU  3alllUThl OT  JIBUKYIIMXCS
MexaHu3MOB. [IpenoxpaHuTenbHbIE YCTPOMCTBA MO XapaKTepy NEHCTBHS OBIBAIOT
OJIOKUPOBOYHBIMU U OTpaHUYMUTENbHBIMU. K MpenoxpaHuTenbHbIM yCTPOWCTBaM
OTHOCSIT OTrPAHUYMUTENM XOJa, HU3TOTOBJIEHHbIE B BHUJE YIOPOB, KOHIEBBIX
BBIKJTFOUATENICH U T. 11. [27].

Brinmonnenue TpeOoBaHUN K TICUXOJOTHYECKUM (aKkTopaM OOeCreynuBaeTCs
BO3MOXKHOCTBHIO  MEPUOJIMUECKOTO  OTAbIXa IS CHSATUS yYMCTBEHHOTO U

TICHXOJIOTHYECKOTO HANPSHKCHHMS, Pa3MEPEHHBIM pUTMOM padoT [18].

6.5. Dkogornyeckasi 0€30MACHOCTDL

OddekTuBHOCTL Mep MO 3alllUTe OKPYXKAIIMeH cpeapl 00ecrneduT
KOMILIEKCHBIN MOAXO/] U YCWIHS BCETO YEJIOBEUECTRA.

BJAIIT BbimonHSIET QYHKIUIO SJIEKTPONPUBOJIA CHUCTEMBI OpPUEHTAIlUU
kocmuyeckoro anmapara (KA). IloatomMy mnpu oueHke BiausHAS OpuOopa Ha
OKPY’KAIOUIYI0 Cpely, MOKHO TOBOPUTH O BIMSIHUM KA Ha OKpy:Kalollyro cpemy.
Ha 3eMHOIl opOuTe HAXOIATCS MHOXKECTBO CITyTHHUKOB, HWMEIOIIUX Pa3IMYHbBIN
BO3pACT U Ha3HAUYCHHE, MHOTHE U3 KOTOPBIX YK€ HEe (PYHKIHUOHUPYIOT. Tak Kak B
HACTOSIIEE BPEMsI CIYTHUKH UMEIOT BAXKHOE 3HAUECHHE B >KU3HHM 4YEJIOBEUECTBA,
HEO0OXOJIMMO CBECTH K MUHHUMYMY HMX IOBPEXKJICHHE JICTAIOIIUMU O0JIOMKaMHU, a
TaK)X€ OUYUCTUTH OKOJIO3EMHOE MTPOCTPAHCTBO OT BBILIEIIINX U3 CTPOS CITyTHUKOB.

Cpennuii xu3HeHHbIN KT KA, mpousBenenubix B Poccun, coctasnser 5-10
net. [lo OKOHUaHMIO CpOKa CIIY>KObl CITyTHUK BBIBOJUTCS C OpOUTHI 3eMJIH,

cropaeT B atMoc(epe Uil CTAHOBUTCS KOCMUYECKAM MYCOPOM.
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BaxxHo ynenuTh BHHUMAaHHE COBEPIICHCTBOBAHUIO  TEXHOJIOTHYECKUX
MPOIIECCOB, pa3pabOTKe HOBOI'O 0OOPYJOBAaHUS C MEHBIIMM YPOBHEM BHIOPOCOB U
MIMPOKOMY HPHUMEHEHHUIO [JOMOJHUTEIbHBIX METOAOB U CPEICTB  3alIUThI
OKpy’Karomen cpeapl. Bce eme ocTaeTcsa akTyallbHO BHEAPEHHUE HOBBIX
MH(OPMAIIMOHHBIX TEXHOJIOTUH U MpeoOpa3oBaHHe MHPOPMALMH B AJIEKTPOHHBIN
BU/I, BMECTO OyMaKHBIX HOCUTEJICH.

Ha ¢one yBennyeHHs] WCIOJIB30BAHUS CPEICTB BBIUMCIUTEIHLHOW TEXHUKH
BO3HMKAIOT MPOOJIEMbI YBEIMUYEHUS 00beMa MOTPEOJICHHs DJICKTPOIHEPTUU. DTO
BBI3BIBACT POCT MOIIHOCTEH U KOJUYECTBA dJIeKTpocTanimii [19].

Poct sHepronotpebnaeHusi MPUBOAUT K TAKUM IKOJIOTHUYECKUM HAPYIICHHSIM:
U3MEHEHHUE KJIMMaTa - HaKOIUIGHHE YTJIEKUCIIOro raza B arMocdepe; 3arps3HeHne
BO3JIyIIIHOTO 0OacceifHa; 3arps3HEeHUE BOJHOrO OacceilHa; aBapuM SIEPHBIX
peakTopoB, MpoOJieMa YTUIU3ALMM SACPHBIX OTXOJOB; M3MEHEHHE JaHamagdra
3emu.

Mepsl, peAnpuHIMAaEMbIe TI0 CHUKCHHUIO SHEPTONOTPEOICHUS

e [lognepxkaHue oNTUMAIBHOIO 3HAUYEHUS KOCHUHYca (u (cos ¢);
e [IpoBepka coeqMHEHUN AIIEKTPUUECKUX LETIEH;

e (OobecnieueHue Gecriepe0oHOCTH TPOU3BOJICTBA,

e OnruManbpHas 3arpy3ka CyIieCTBYIOIIET0 000pyI0BaHUS;

e KOHTpOJIb KauecTBa JICKTPOIHEPTHUHU H JIP.
6.6. be3omacHOCTH B Ype3BbIYAWHBIX CUTYALMAX

[Ipu npoextupoBanuu BJIIT naubGonee BepostHass UC — 310 moxap.
[IpuynHamMu To>kapa MOTYT OBITh: TOKHM KOPOTKOTO 3aMBIKaHHS; SJEKTPUUECKUE
MEePErpy3Kn; UCKPEHNUE B MECTAX IUIOXMX KOHTAKTOB MPU COCAUHEHWUH MPOBOIOB;

KYPCHHUC B HCIIOJIOKCHHBIX MCCTAX.
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Jlis  mpenoTBpamieHuss Tokapa B pabodyeM TMOMEIIEHWH, HEOoOXO0IUMO
coOIOIaTh, CIEAYIOMNE TEXHUYECKUE, IKCIUTyaTalldOHHBIE M OpraHU3allMOHHbBIE
mepomnpustus [20]:

— paboThI TOJIBKO MPU UCTIPABHOM 3JIEKTPOOOOPYIOBAHUHY;

— IUIaH HBaKyalluH U3 KOPITyca, HATJIAIHbIE TOCOOMS Ha BUTHOM MECTE;
— OTKJIFOYCHHE MTUTAHHS SJICKTPOIIPHOOPOB B OTCYTCTBUH PaOOIHX ;

— TMpaBWIBHOE COJEPIKAHUE TIOMEIICHHS,

— TMPOTUBONOKAPHBIN HHCTPYKTAX COTPYTHHUKOB,;

— OpraHmu3aIys MoKapHbIX IPY>KUH, TOKAPHOTEXHUYECKUX KOMHUCCHU;

B cnydasx, xorma He ymaercss JMKBUIUPOBATH IOXKAP CaMOCTOSTEIBHO,
HEOOXONMMO  BBI3BaTh TMOXKAPHYK OXpaHy MW TOKHHYTh IIOMEIICHUE,
PYKOBOJICTBYSICH IJIAHOM IBaKyallud U3 IIOMEIIEHUS.

[IpaBumamMu  0Ge30mMacHOCTH  MpeAycMaTpUBaeTcs  3a0IaroBpeMEHHOE
COCTaBIICHHEC Ha TMPOMBIINUICHHBIX MPEANPUATUSIX IJIAHOB MPEIOTBPAIICHUS
aBapuil, B KOTOPBIX YCTaHABJIMBAIOTCS OOS3aHHOCTH JOJKHOCTHBIX  JTUI]
NPEANPUATHS Ha BpeMs aBapHitHOW cuTyanuu. [TaHbl HaxomsTCs y AUCTIETYEpa,

IJIABHOT'O WHXKEHEpa ¥ KOMaHAMpa MOApa3ieNieHUs CriacaTeIbHOM CITyKOBbI.
BeiBoa mo pasaeny

B nannom paznene BKP Obimu mpoananu3upoBaHbl OMacHbIE U BpeaHbIE (DAKTOPHI
IpU HUCCIEJIOBAHUM U pa3pabdOTKe 3JIEKTPONPUBOJA [JIsi CHUCTEM OpHUEHTALUU
KOCMHYECKOr0 amnmapaTta, a TakKe METOoAbl 3alluThl OT HHUX. bbuin
MIPOAHATU3UPOBAHBI BOIPOCHl TPOU3BOJICTBEHHONW O€30MacHOCTH, BBISIBICHHBIX
OMacHBIX  (PAKTOPOB, HIKOJOTMYECKOW Oe30macHOCTH, O€30MacHOCTH  MpHU
Ype3BbIUYAMHBIX CHUTYAIUSX, & TakKe€ IpPaBOBbIE M OPraHU3ALMOHHBIE BOIPOCHI
obecrieueHus: 6e3onacHocTd. K KaxkaoMy paszjeny MpONUcaHbl HOPMATUBHBIE
JIOKYMEHTBI, KOTOPHIMM HY>KHO PYKOBOJACTBOBAThCS MPHU  DKCIUTyaTallUU

MIPOCKTUPYEMOT'0 00BEKTA.
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3AK/IIOYEHUE

Brimycknast kBanmu@ukannonHas padoTa BKIIOYWIA B ceOS MCCIEIOBaHUS
AIEKTPONPUBOAA CHUCTEMbl OPHEHTAUMM KOCMHUYECKOrO arfmapara, KoTopas
NpeACTaBisieT CcOOOM MCHOJHUTENbHBIM OpraH — 3JIEKTPOJIBUTATElIb-MaXOBUK,
BbIpaOaThIBAIOMNNA KUHETHYECKH MoMeHT paBHbid 0,25 Hm u ckopocThio
BparieHust MaxoBuka - 12000 06/mMuH. B kadecTBe 351eKTpoiBUTaTENIsl ObLIT BBIOpaH
OCCKOHTAKTHBIN JIBUTATElIb IOCTOSSHHOIO TOKa C TOCTOSHHBIMU MAarHUTamH,
paccyuTaHbl €ro napameTpbl U MOCTPOEHBI pabouyue XapaKTepUCTUKH, pabouas
auarpaMMa Marauta. B kadecTBe MOCTOSTHHBIX MarHUTOB ObLT BBHIOpaH caMapuid
koOanpTOBBI  crmmaB  KC37, KOTOpBIM MOAXOAUT JUIsl OKCIUTyaTallud B
PKCTPEMAJIBHBIX YCIIOBHSX KocMmoca. JIpurarenbp motpebnser Tok 0,823A,
nosie3Hast MmouHOCTh 10 BT, koadpumuenT monesnoro neiicteus coctaui n=0,6.
KoHcTpykiuio ObUTO pemnieHo BbIOpaTh ¢ BHYTPEHHUM poTOpoM. [abGaputHbie
pa3mepsl: BHemHUK auametp sikops 0,035M, BHyTpeHHuil nuametp saxops 0,025w,
nnuHa nakera skopsi 0,02m, HapyxHbI auametp uaayktopa 0,025M, BHyTpeHHUN
muametrp mHAYKTOpa 0,015M. Takke s MaxoBHKa ObLta mojoOpaHa HambOolee
ProHOMHYHasg (popMa, pacCUUTaHbl rabapUTHBIE pa3MepPbl MaxOBUKA (HAPY KHBIN
paguyc o6oxa — 0,039m, BHyTpeHHuit paaumyc ob6oma 0,029, Bweicora 00012
0,0074m) u nmomoOpan Matepuai (ctanp X12MD).

B pazgene «CorumanbHas OTBETCTBEHHOCTH) MPOBEAEH aHAM3 OMACHBIX U
BpPEAHBIX (PaKTOPOB, BOSHUKAIOIIUX B Mpolecce cOOpKu aABurarens. PaccMoTpeHsl
BOIIPOCHI TEXHUKH OE30MAaCHOCTH, MPOU3BOJCTBEHHON CaHUTAPUM, TOKAPHOU
0€30MacCHOCTH.

B paznene «®uHaHCOBBIM MEHEHKMEHT» OBUI COCTABJICH KaJICHIApHBIN
maH-rpadguk padoT, paccCUMTaHa CMETa 3aTpaT Ha MPOCKTUPOBAHUE U MIPOBEJCHA

OIICHKA TCXHUYCCKOI'0 YPOBHA CIIPOCKTUPOBAHHOT'O ABUT'ATCIIA.
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