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W3noxkeHa METOAMKA BBIIOJHEHHS pacyera, MO3BOJSAIOIIEro MOJIYyYUTh HMPUOIHU3U-
TEIBHYIO OIICHKY 3 ()EKTUBHOCTH MEPEBO3KU I'Py3a MOPCKUM TPAHCIIOPTOM, HA OCHOBAaHUU
OIpe/ieJIeHHs] 3aTpaT Ha TOILUIMBO M Macia, BHIOpAaTh CKOPOCTh U MapuIpyT NEpPEeBO3KHU, IO-
no6patk cyaHo ¢ 3(P(EKTUBHBIM O0OPYJOBAaHHEM JHEPreTHUYECKON YCTaHOBKH, OLEHHUTH
CHUJKEHHUE 3aTpaT Osarofapsi IpUMEHEHUIO Pa3JIMYHbIX CXE€M YTUIU3alUH TeIra.

[IpennasHaueHo Ui TMPAKTHUECKUX 3aHATUH M PAaCUYETHBIX pPabOT CTYACHTOB
no aucuuiuinHe «TpaHcropTHas SHEpreTuka», oOydyaromuxcs Mo 00pa3oBaTesIbHON porpaMme
MOJTrOTOBKH OakanaBpoB 1o HamparieHuio moarotoBku 23.03.01 «TexHomorusi TpaHCHOPTHBIX
IPOILIECCOB» OYHOT'O U 3a04YHOr0 OOYYEHHs, a TAK)KE U KypCAHTOB, O0YYAIOIUXCs 110 HapaBiie-
Huto 26.05.07 «OkcmuyaTanus Cy10BOT0 3J€KTPOOOOPYAOBAHUS U CPEICTB aBTOMATUKI .

MoxeT ObITh MCIIOJIB30BAHO YYaIlUMUCS OPYTUX CHELHaTbHOCTEH, N3ydaroluMu Cy0-
BbIC DHEPTETUYECKNE YCTAHOBKH.
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BBeaenue

CoBpeMeHHas cuctemMa 00pa3oBaHUs MPEIOIaracT COKpaIleHne ayJUTOPHOM
Harpy3ky ydaliuxcs M YBEIWYEHHE 00bEMa YacoB Ha CAMOCTOSITENBbHYIO PaloTy.
B cBsi3u ¢ 3TH BO3pacTaeT 3HAYMMOCTh TEKYILET0 KOHTPOJS 3HAHWM, B TOM YHCIE
C UCMOJIb30BaHUEM NTMCBMEHHBIX paldoT, pedepaToB, Ipe3eHTaLUil, JOMALIHUX paloT.

B nocobuu u3noxeHa MeTOIMKa BBINOJIHEHHS pacyeTa, NO3BOJISIOIIEro Mo-
JAY4YUTh NPUOIU3UTENBHYIO OLEHKY 3(PPEKTUBHOCTH MEPEBO3KH Ipy3a MOPCKHUM
TPAHCIIOPTOM Ha OCHOBAaHHUH OIpENETICHHs 3aTpaT Ha TOIJIMBO M Macia, BHIOpATh
CKOPOCTb M MapLIpyT NEPEBO3KH, MOA00paTh CyIHO C 3(h(PEeKTUBHBIM 000pyAOBa-
HUEM DHEPreTUYECKON YCTAaHOBKH, OLIEHUTh CHIDKEHUE 3aTpaT Ojaroaapsi mpumMe-
HEHUIO PA3JIMYHBIX CXEM YTHIIM3ALUH TEIlIa.

[TocoOue Takke MOMKET ObITh MCIOJIb30BAHO CTYACHTaMH U KypcaHTaMH,
0Oy4arolMMUCs M0 APYTUM CHELHMATBHOCTAM, M3y4YalOUMMH CyJIOBbIE SHEPIeTHU-
YECKHE YCTAaHOBKH.

VY4eOHo-MeToIuYeCKOe 1MocoOue MpeaHa3HAYeHO AJI MPAKTUYECKUX 3aHs-
TUW U PaCUETHBIX pabOT CTYICHTOB MO TUCIUILINHE « TpaHCIOpTHAS YHEPTETHKAY,
oOyyaroluxcs MO 00pa3oBaTeNbHONM MporpaMMe IMOATOTOBKM —OakallaBpoB
no HarnpasieHuto moaArotoBku 23.03.01 «TexHOMOTHs TPAaHCTIOPTHBIX MPOIIECCOBY
OYHOTO U 3a0YHOT0 OOyUYEHHUS.



OcHOBHBIE TCOPETHYCCKHUC MMOJTOKCHUA

Mopckue nepeBo3KU SBISIOTCS OJHUM U3 CaMbIX SKOHOMHYHBIX U BOCTpE-
OOBaHHBIX BHUJOB TPAHCIOPTHUPOBKH B MacmiTabax riaHeThl. [IpemmyrecTBamu
MOPCKHX TPYy30I1€PEBO30K SIBISIFOTCSI:

— HU3Kas ce0eCTOMMOCTh MEPEBO30K IO CPaBHEHHIO C IPYTHMMH BHJIaMH TpaHC-
MOPTUPOBKHU (KpoMe TPyOOIPOBOHOTO);

— BO3MOXHOCTb NIEPEBO3KH OOJIBIINX 00HEMOB IPY30BBIX MMAPTHIA;

— HEOTPaHUYEHHOCTH MPOITYCKHOMW CITOCOOHOCTH MOPCKUX TYTEH;

— HE3aMEHHMOCTh H3-3a OCOOCHHOCTEH Teorpad@u4ecKoro MOJO0KEHUS] MHO-
TUX TOCYAapCTB.

OCHOBHOI COCTaBIISIIOIIEH CTOMMOCTH IEPEBO3KU I'py3a Ha CYJHE SIBIISIOTCS
AKCILTyaTallMOHHBIE PacXoibl, KOTOPHIE, B MIEPBYIO OYEPElb, ONPEACIIIFOTCS 3aTpara-
MU Ha TOILJIMBA U Macla, MoTpedIisieMble 3HEPreTUIecKor ycTaHoBKol (DY) cyaHa.

Pacxon TomnmBa W Macia 3aBUCHUT OT OOJBIIOTO KOJMYECTBa (PakTOpOB
KaK KOHCTPYKTHBHBIX, TaK U SKCIUTyaTallMOHHBIX. PACCMOTPUM OCHOBHBIE U3 HUX.
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Puc. 1 TemnoBast 3 GpeKTUBHOCTH CYJOBBIX INIaBHBIX ABHrarenei [1]

Tun u KOHCTPYKIMS TJIABHOTO JABUrartesisi. HauGonpinyto TemioByo 3¢-
(EeKTUBHOCTH, & 3HAYUT, HAMMEHBIIINN PACXO] TOTUINBA, UIMEIOT JBYXTAaKTHHIC Ma-
J0000pOTHBIE au3eNbHble nBurarenu (puc. 1). Ha BTopom mecte cTOST cpenHe-
o0opoTHBIE naBHratenu. Eie MeHee SKOHOMHYHBI SHEPTreTUYECKHE YCTaHOBKHU



C ra30BbIMH M MapoOBbIMU TypOuHamu. PasHuna mexnay mepBbIMUA U MOCIEAHUMHU
MoxkeT pocturathb 20 %.

Takke Ba)KHO, HACKOJILKO COBPEMEHEH JBUTaTeNb. Y I€IbHBIN 3P (HeKTUB-
HBI pacxoj TOIJIMBA COBPEMEHHOI'0 Maj000OpPOTHOTO JIBUTATENU COCTaBISET
0,165 — 0,170 xr/kBt 4. ¥V crtapeix monenei (20-jeTHedl maBHOCTH U OoJiee)
yAEIBHBIN pacxona TorumBa npudamkaercs K 0,190 kr/xBT 4.

CocraB cynoBoii jiekTpoctanuuu. Hanbonee pacnpocTpaHeHHbIM HCTOY-
HUKOM 3JICKTPOIHEPTUU HA CYJIHE SIBIISIOTCS IU3EIb-TeHEPATOPhI, TPUBOAOM B HUX
ABJISIIOTCSL CPE/IHE- U BBICOKOOOOPOTHBIE AU3eNbHbIe ABUrarenu. CHIXKEHUE pac-
X0J1a TOTUTMBA MOYXET OBITh JOCTHTHYTO OJjarojapsi MCIOJIb30BAaHUIO BaJIOTCHEpa-
topa (BI') wim yrunuzanuonHnoro typooreneparopa (YTI') nns BeipaOOTKH dJICK-
TpO3HEPrun Ha xoxy cyaHa. [IpuBomom BI' ciiykuT riaBHbBIM ABUraTeib, UMEIO-
muii 6omee Bbicokmi KIIJ[ u, COOTBETCTBEHHO, MEHBIIMA Pacxoj TOIUIMBA,
yem au3enb-renepatopel. YTIT mpuBoasTcss mapoBod TypOuHOM, paboTaroiieit
Ha Mape, NoJIy4eHHOM B YTUJIM3AIlMOHHOM KOTiie. B 3ToMm ciydae pacxona TOminBa
Ha BBIPAOOTKY JIEKTPOIHEPTUU MOTHOCTHIO OTCYTCTBYET.

[Ipu ucnosib30BaHUU JU3ETL-TEHEPATOPOB 3aTPATHI 3aBUCAT OT BHJIa TOTUIMBA,
Ha KOTOPOM OHHM MOTYT paboTtaTh. Vcronap30BaHuE TSKEIOTO TOIUIMBA BBITOJHEE,
YeM JIU3EJIbHOTO B CUJTY 3HAUUTEILHOW pa3HUIIbI B UX CTOMMOCTH.

Yruauszanusa Temia. B gBUrarensx BHYTPEHHETO CrOpaHUs B TOJIE3HYIO
paboTy MpeBpaIaeTCsi MEHBIIE MOJOBUHBI TEIJIOBOW AHEPTUU, MOJydyaeMoW Npu
cropanuu TorumBa. OcTaibHask 4acTh TEPSAETCS C BBIXJIOMHBIMU razamu (10 30 %),
oxJaxaarorieit xuaKkocTrio (10-15 %) 1 B BUE U3IIyYCHHS B OKPYKAIOITYIO CpEy.
JInst yMeHbIIIeHHs 3TUX MOTEPh Ha CyJaxX YCTaHABIMBAIOT CUCTEMbl U YCTPOUCTBA
yTunuzanuu Temia. [loBceMecTHO MPUMEHSIIOTCS Ta30TypOOHArHeTaTeu, UCIOJIb-
3YIOIIME PHEPTUI0 BBHIXJIOMHBIX TAa30B JIA HAJAyBa JBUTATeNCH, U YTUIU3AIMOH-
HbIE KOTJIbI, BhIpa0aThIBAIOIIUE TIap 32 CUET TEIJIa BHIXJIOMHBIX Ta30B

[Tpu ucnosb30BaHUU JU3ETB-TEHEPATOPOB 3aTPATHI 3aBUCAT OT BHJIa TOTUIMBA,
Ha KOTOPOM OHHM MOTYT paboTrarh. Vcronp30BaHuEe TSXKEIOTO TOTIMBA BHITOJHEE,
YeM JU3EJIbHOTO B CUJTy 3HAYUTEIbHOW PAa3HUIbI B UX CTOMMOCTH.

Yruiausanus temja. B nBurarensax BHYTPEHHEIO CTOpPaHHs B IIOJIE3HYIO
paboTy mpeBpamiaeTcsi MEHbBIIE MOJOBUHBI TETUIOBOM YHEPTHH, MOTYyYaeMOU Mpu
cropanuu TorumBa. OcTajabHas 4acTh TEPSCTCS C BBIXJIOMHBIMU razamu (10 30 %),
oxJiaxaaroren xkuakocTeio (10-15%) u B BUie U3TyUYCHUS B OKPYXKAIOIIYIO CpPEay.
JI1s yMEHBILIEHUS 3TUX MOTEPh HA CyJaX YCTaHABIMBAIOT CUCTEMBI U YCTPOMCTBA yTHU-
mu3aruu Tera. [ToBceMecTHO MPUMEHSIFOTCS Ta30TypOOHArHETaTe M, UCTIONIb3YIOTUE



SHEPIUIO BBIXJIOMHBIX Ta30B U1 HAJyBa ABUTATENEH, U YTUIN3aUUOHHbBIE KOTJIBL,
BbIpa0aThHIBAIOIIME MAP 3@ CUET TEIJIa BBIXJIOMHBIX Ia30B.

B COYVY ¢ rnaBHbIMU JIBUTATEISIMU CPEIHEH M OOJBINON MOITHOCTH (Ooiee
8000-10 000 xBT) nmpuMeHSIOTCSI CUCTEMBI (CXEMbI) TIIYOOKOH YTHUIM3AIMHU TEeILIa.
B HMX, TOMHMO BBIIIEHa3BaHHBIX YCTPOUCTB, UCIOJIB3YIOTCS ra30TypOOreHepaTophl
(MCTOYHUKH DJICKTPOIHEPTUU C TPUBOJAIIEH Ta30BOM TypOWHOHM, paboTaromiein
Ha BBIXJIOMHBIX ra3ax), CUJIOBbIC ra30Bbl€ TYpOUHBI, BbIpA0ATHIBAIOIINE JOTOJHHU-
TEIBHBIN KPYTAIIUI MOMEHT JIsl BUHTA, YTUIN3AIIMOHHBIE TYPOOTE€HEPATOPHI, TI0-
JOrpeBATENM Pa3IMYHBIX Cpe, puMeHsaeMblx B COY u T. 1.

YTunuzanuys Tersia Takke MNOBbIMAeT 3P(HEKTUBHOCTh IHEPrOYCTaHOBOK
C IapOBOM WJIM ra30BOM TypOMHOI B Ka4ECTBE IJIABHOTO ABHUratens (puc. 1).

Ckopocts x01a. /{151 BOJOM3MEIIAIONIMX CYJ0B 3aBUCUMOCTh HEOOXOIUMOMN
MOIITHOCTH TJIABHOTO JABUTATEJS U, COOTBETCTBEHHO, Pacxoja TOIUIMBA OT CKOPOCTH
cynHa kyondeckas. CHUKEHUE CKOPOCTU ABUKEHUS CyJIHA 3HAYUTEIHHO YMEHbIIIa-
€T pacxo/]l TOIJIMBA, HECMOTPS Ha YBEJIWUYEHUE BpeMeHU rnepexosa. Jis cynoB Top-
roBoro (hJ0Ta ONTUMAIBHBIM CYMTACTCS JUAMMa30H CKOPOCTH 12—14 y3I10B.

MapupyT peiica. 31eCh BIUSHUE OJHO3HAYHO. UeM MpOTSKEHHEE MapIlil-
pPyT, TEM JOJIbIIE MEepexo, OOJbIIe pacxoj TOIIMBA, Macjia U 3aTpaThl HA HUX.
[ToMrmoO 3TOrO0 MMeeT 3Ha4YeHUe, rIe MPOXOAUT MapuipyT. B Hacrosiiee Bpems
uMeeTcs psll pailoHOB (B OCHOBHOM IMPHUOPEKHBIX), IJI€ Y)KECTOUEHbBl HOPMATHUBBI
JIOITYCTUMBIX BBIOPOCOB BPEIIHBIX Tra30B B aTMocdepy (SKOHOMUYecKue 30HbI EB-
porneiickoro corosa, CIITA). B 3Tux paitoHax MOKHO HCIOJIb30BaTh TOJbKO HU3KO-
CEPHHCTBIC COpPTa TOILIMBA, UMEIONTUE 00Jiee BRICOKYIO CTOMMOCTD, YeM OOBIUHEIE.
B Onumxaiimieit mepcrnekTUBe YUCIIO U pa3Mepbl ’TUX paiOHOB OYIyT YBEITUUNBATh-
cs. [loaToMy 3aTpaThl Ha TOIUIMBO MOTYT 3HAUUTEIBHO Pa3IN4aThCi B 3aBUCUMO-
CTH OT TOTO, MIPOXOJHUT JIM IyTh YEPE3 TAKHUE PAOHBbI WIH HET, a TAKKE BPEMEHU
HaxO0XJICHUS CyJHAa B TAKUX MECTaXx.

Hpyrue daktopsl (COCTOSHHE KOpITyca, KOHCTPYKIIUSI HOCOBOM OKOHEUYHO-
CTH, MECTO OYHKEpOBKH, BpPEMs Trojia, CIOCOObI Tpy3000pabOTKH U T. /I.) MEHEe
3HAYUTEIBHBI, HO UX CYMMapHOE€ JCHCTBUE MOXKET Tak)Ke OKa3aTh CYIIECTBEHHOE
BJIMSIHUE HA 3aTPATHI.

O1leHUTh BIMSHUE BCEX BBIMICTICPEUUCICHHBIX (PAKTOPOB MOXKHO C TOMO-
1[I0 MPUOJIMKEHHOTO pacueTa pacXoJ0B TOIUIMBA U Macia 3a peic.

J{1st ero BBIMOJHEHUs HEOOXOJUMO CHauajga pa30uTh pelc Ha 3Tambl, OTJIH-
YalolMecs MCHOJb3YyeMbIM O00OpYJOBaHHMEM W TOIUIMBAMU, W  OINPEACIUTH
UX TPEJIoaraeMyto Mpoa0HKUTEIbHOCTh. OOBIYHO BBIJICTSIOT CIAEAYIOIINE TaIlbI:



— TPY30BbIE onepanuu (orpy3Ka/pasrpyska);
— MaHEBPHUPOBAHME B ITOPTY MJIM ONACHBIX PAMOHAX;
— JIBJKEHUE B PailOHaxX C IMOBBIIIEHHBIMU 3KOJIOTMYECKUMH TpeOOBaHUSAMU (ITpH-
OpexHbIE BOJIbI HEKOTOPBIX CTPaH, ApKTUYECKHUE PAlOHBI, 3aII0BEJHUKHU U T. 11.);

— MEPEXOL.

Jlaniee HY»HO OIPEIENINUTh COCTaB 00OPYAOBaHUS, UCIIOIB3YEMOIO Ha KaXI0M
W3 JTAIlOB, UX yJEJIbHBIE WINA YaCOBBIE PACXO/IbI TOIUIMBA, BUJIBI U COPTA UCTOJb3Yye-
MOI'O TOIUIMBA M Macljla ¥ UX CTOMMOCTH (CM. I. 5 U 1. 6 pacueta). Ha ocHoBaHuu
ATUX AAHHBIX ONPEACISAEM PacXObl KAKIOrO BHJA TOIUIMBA U MAcel JJIsl COOTBET-
CTBYIOLIMX 3TaroB. [locie UX cyMMHpOBaHMs IIOJIydaeM Pacxo/ibl TOILIMBA U Macesl
3a peic, a YMHOKMB MX Ha CTOMMOCTB — 3aTpaThl Ha TOIUIMBO M MacJia 3a peic.



Pacuer pacxoaa TonjmBa, CMa304HOI0 MacJjaa
U 3aTPaT HA HUX 32 peiic

Oransl peiica (puc. 2):
— Tpy30BbIe onepanuu (norpyska) — 1rol;
— MaHEBPHPOBAHKE B MOPTY MOTPY3KU — 1 y1;
— JIBHJKEHHE B MIPUOPEKHBIX BOJAX IOPTA MOTPY3KU — 1 g1 ;
— nepexon — Iy;
— JIBUKEHHE B IPUOPEKHBIX BOJAX IIOPTa Pasrpy3ku — 1 pp2;
— MaHEBPHPOBAHKE B MOPTY Pasrpy3ku — 1]

— TPY30BBIC onepanuu (pasrpyska) — 1ro2.

npuopescHble NpUOPEXCHBIE
Maxegpu-  800bl 2o0b aHespU-  apy30ebie
2pV306ble 3 : Pyioceie
. 0eanue nepexoo :
: onepayun 4 : 1 P : ilJDE?ﬂHuE’I onepayuu
1 1
: 1 ! 1 ! ! I
I I | 1 nopm N
hopm ! i i pasepysxu
ROZPY3KU 1 1 '
I~ L, | L
L

Puc. 2. Dramns petica

JI71s1 yIIpoOILEHUs pacyeTa NPUHUMAEM CIEAYIOIUE IONYILEHHUS:
Tro1= Tro2= Tto;
Twi= Tw2= Ty;
Tis1= Tus2=Th1s.

1. Paccrosinne Mexay NpHOPEKHBIMH BOAAMU TIOPTOB IMOTPY3KH U PasTpy3KH
(puc. 2), Mmumu

L.=L — 2LHB, (1)

rae L — paccrosHue Mexy mopramMu, MUK,

L. — paccTosinue, npoiiaenHoe B IpuOPEkHBIX BOAAX, MUY,



2. Bpems nepexona, 4

Tn=_1 (2)

rIe Vy3 — CKOPOCTb CY/HA, y3JIbl.

3. Bpems aBmkeHus B mpuOpEKHBIX BOAAX, U
(3)

[TpoAOMAKUTENLHOCTh OCTANBHBIX 3TANOB (7o, Ty, Tus) 3amaHa (CM. HC-
XOJIHbIE JaHHbIe). OHAKO AJI UCIIOJIb30BaHUSI B pacueTax BpeMs 3TaroB, JaH-
HOE B CyTKaX, HEOOXOAMMO MEPEBECTH B YaCHI.

4. Vconp3yeMoe TOIUIMBO WM Maciia. [ JTaBHBIN JABUTATENb U JU3EIb-T€HEPATOPHI
UCIIOJIB3YIOT OJMH BUJ TOIIMBAa. BO BpeMs rpy30BbIX Olepaliuii, MaHEeBpUPOBa-
HUA, JBWKEHHUS B mpuOpexHnix Bojax EBpombl u CIIA MOXHO NpUMEHSTH
TOJILKO HU3KOCEPHHUCThIE copTa nu3enbHoro tommuea (DMA, DMX), npu niepe-
X0/ — BBICOKOBSI3KHE (TsDKesbIe) copTa Torra, Hanpumep |[FO 380.

[upkynauuoHHoe cMazouHoe Maciio Heooxoaumo st '/ u A, uunun-
JIPOBOE Macio — ToJbKO st ['/].

5. YcrpoiicTBa, NoTpeOsIONIME TOTUIMBO, 110 ATalaM peiica.

['py30BbI€ OmEepanuu:

— nBa ausenbreneparopa (), ecau rpy30BbI€ Onepalvyl BBITOJHSIOTCS CYJ10-
BBIMU ycTpoiicTBamu; oauH /I, ecinu rpy30Bble onepaiy BbITOJHSIOTCS Oe-
PErOBBIMU CPEACTBAMU;

— mapoBoii BcriomoratenbHbIi koTen (11K).

TonnuBo AJist BCEX — HU3KOCEPHUCTOE TU3EIBHOE.

ManeBpupoBaHue B OPTY:

— rnaBHbIM aBuratens (I']);

— nBa [l

— TIK.

TornnmBo It BCEX YCTPOMCTB — HU3KOCEPHUCTOE IU3EIBHOE.

[TpuGpexxHbIC BOJIBI:

- 'L,

— onud JI' unu Banoreneparop (BI'), uim yruinzanuoHHbll TypOoreHepa-
Top (YTI') B 3aBUCUMOCTH OT COCTaBa CyJIOBOM AJICKTPOCTAHIIMU (CM. HC-
XOJIHBbIE JIaHHBIC).

Torumso mis I — Hu3koceprucToe ausenbHoe, Bl u YTI TOImBo HE UCTIOIB3YIOT.
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ITepexon:
- ',
—omun [I', wim BI, mmu VYTI, B 3aBUCHMOCTM OT cCOCTaBa CyJIOBOU
AIEKTPOCTAHIIUM.
TommuBo mta I — Tskenoe, BI' u YTI' TonamBo HE UCTTONB3YIOT.
. MoutHoCTh, pa3BuBacMasi IJIaBHBIM JBUTATEIEM IIPH JIBXKCHUU B MPUOPEIKHBIX

BOJax W mepexoze, kKBt [2]
—Ns

N o ’ (4)
U
rae Ng = RgVyy/c — OyKCMPOBOYHAS MOIHOCTD, KBT;
Rg = cV? '/ — OyKCHpPOBOYHOE compoTuBieHue, H;
Ve =0,512Vy, — ckopocTh cyaHa B M/c;
e = 0,7 — KIIJ] BuHTAa;
¢ — KO3(ppUIMEHT CONMPOTUBIIEHUS KOPITyCa.
Ha srane maHeBpupOBaHUs CKOPOCTh CYJHA U, COOTBETCTBEHHO, MOIIIHOCTb
I'JI MOTYT MEHSATBCS B OOJIBIIIOM JiUaria3oHe (13-3a nmepeMeHHbIX X0/10B). [TorToMy
JUISL YTIPOILEHHsI pacueToB MPUHUMAEM JOIyIleHre: MOoIHOoCTh /] Ha sTamne Ma-
HEBPUPOBAHMS paBHA MOJIOBUHE OT OIpeIe/ICHHOM Bhimie (ypaBHeHHE [4]).
. Pacxop! TOTIIMBA 110 3Tamam perca.
7.1. Pacxop TOIIMBa P IPy30BBIX OMEPALHSIX, T

G™ = GI2 + nGRe (5)

AT
rne GE° = By, T,.,24/1000 — pacxon Torumsa Ha [1K, T;
G2 = ge Ny Tr024/1000 — pacxox Tormmsa Ha 1T, T;
B, — yacoBoii pacxo Toriua Ha [1K, kr/y;
ga" — ynenbHbli 2QdexTuBHbIA pacxon Tormmmsa JI, kr/ (kBT u);
T, — BpeMs 3Tana rpy30BbIX ONEpaluu, Y,
N — uncno padoraromux Ha 3ToM dtane JI.
7.2. Pacxon TornBa Ha dTarie MAaHEBPUPOBAHUS, T

G" = GM. + nGM + G (6)

jyig)
rae GY. = BT, /1000 — pacxox torma Ha [1K, T;
Gy = g Ny.T,, /1000 — pacxox Tormsa Ha 1T, T;
T\ — BpeMs dTarma MaHEeBPUPOBAHUS, U;
GY = g¢'N;;0,5T,,/1000 — pacxox tormsa Ha ]I, T;
ge — ynenbHblii a3¢pdextuBHblil pacxon Tommusa I'JI, kr/(kBT u);
N — yucio padoTtaromux Ha 3Tom dTane I

11



7.3. Pacxon ToIuiMBa MpH JABUKEHUU B MPUOPEKHBIX BOJaX (€CIU B COCTaBE CY-
noBoi anexktpoctanumu HeT BI' wmm YTT), 1

G™ = GIP + G (7)

i
rae Gy = ge Ny Ty /1000 — pacxon Torumsa Ha 1T, T;
T — BpeMs dTara JIBWKCHHS B IPUOPEKHBIX BOJIAX, U;
GL? = g 'NiyTyp/1000 — pacxon Tormumsa Ha /1, T;
gs" — ynenbHbli 3¢ dekTuBHbIA pacxon Tormmusa I'Jl, kr/(kBT u).
Eciu B coctaB anektpocranumu Bxogut BI', To momrHocts '/l Heobxomumo

yBermunTh Ha 300 kBT (MormHocTs BIY), 11 pacxo/ ToruvBa Ha 3TOM 3Tare OyJIeT paBeH
G™ = G5 = g (N + 300)T,,/1000. (8)

[Ipm Hanmuum YTT', pacxon TommBa COCTaBUT
G™ = Gy = ge NpyTys/1000. 9)

7.4. Pacxop ToIUIMBa Ha IEPEXO/IE.

Pacxon TormnuBa Ha niepexojie G omnpesensieM aHaTOTUYHO PacxXoiy TOII-
JMBa B NpUOPEKHBIX Bogax (1. 8.3), TOJIBKO BMECTO 1z B YpaBHEHHS ITOJICTAB-
nsieM T — Bpems repexoa.

8. Pacxo cma3zouHOro Macia 1o 3tamnam peiica.
8.1. Pacxon cMa304HOI0 Macia Ha 3Tare Tpy30BbIX ONepalui, T

Gem = nGcrlSI,ar = ngcmNarTr024/1OOO ' (10)

r1e gcum — YACIBbHBIN pacxol cma3zouHoro macna Ha I, xr/(kBt u).

8.2. Pacxo UpKyIISIIMOHHOTO CMa30vyHOTO Maciia pyu MaHEBPUPOBAHHH, T

Gew = NGoyar + Glurp (11)

rae Govagr = GemlNyrTw/1000 — pacxon IMPKYJIAIMOHHOTO CMa304HOTO Macia

Ha /{I" mpu MmaneBpupoOBaHuH, T;
Gevry = 9emNr0,5T,,/1000 — pacxo UPKyIAIMOHHOTO CMa304HOTO Macia
Ha ['J] mpu maneBpUpOBaHUH, T.
8.3. Pacxoa IMUpKyJISAIMOHHOTO CMa304YHOTO Macia MpH ABMKCHUU B TIPHOPEK-
HBIX BOJIaX (€CliK B COCTaBE Cyn0BOM 3nekTpocTtaniuu HeT Bl unu YTT), 1

Gew = Gewry + Gevnr » (12)

rie Giwar = GemNyr T /1000 — pacxon IMPKYIAIMOHHOTO CMa304HOTO Mac-
na Ha JII', T;
Tys — BpeMsI 9Tana JBM)KCHHUS B IPHOPEIKHBIX BOJAAX, U;
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Govrn = GemlNip T /1000 —  pacxon HMPKYNSLMOHHOTO CMa3o0YHOIO
macna Ha ['Jl, T.
Ecnu B coctaB anextpoctanuuu Bxoaut BI', momHocts '] HeoOxo-
numMo yBennuuTh Ha 300 kBT (MoutHocTs BI'), 1 pacxo UpKyISIIMOHHOTO
CMa304YHOr'0 MacJia Ha 3TOM 3Tare Oy/eT paBeH

G(g\? = Gcnn?r,q = gcm(Nr,q + BOO)THB/]'OOO' (13)

IIpn Hammuun YTT', pacxon mUpKYyJISALIMOHHOTO CMAa304HOIO Macia
OIIPEIENNTCS KaK
Gcnlvll3 = Gcnlvllar,q = gCMNr,anB/looo- (14)

8.4. Pacxos HUpKyJIALIMOHHOTO CMa304HOTO Macya 3a BpeMs Iepexo/a.
Pacxoa nupKysIsIIMOHHOTO CMa304HOTO Macia 3a BpeMs nepexoaa G, onpese-
JISIEM aHAJIOTUYHO PAcXOJly CMa304YHOTO Maclia B MPHOpPEXHBIX Bomax (1. 9.3),
TOJIBKO BMECTO /s B YPaBHEHHUS MOCTABIsIEM 11 — BpeMs IIepexo/aa.

9. Pacxon umnmHIapoBoro macia. L{WIMHIpOBOE Macio HCHOJB3YETCS TOJBKO
IJIaBHBIM JIBUTaTeNIeM, MO3TOMY €ro pacxoj ONpPEAessIOT TOJBKO Ha 3Tamax
IBUKEHUSI Cy/IHA: MaHEBPUPOBAHUE, IBUKEHHUE B IPUOPEKHBIX BOJAX, IEPEXO/.
9.1. PacxoJ IUJIMHIPOBOTO Macja Ha 3Tarie MaHEBPOB, T

G = gunN:10,5T,, /1000, (15)

TI€ gy — YAETBHBIA PaCXo HMIMHIPOBOro Macia, Kr/(kBt ).
9.2. Pacxon MUIMHAPOBOTO Macia MpU JBMIKEHUW B MPUOPEKHBIX BOJAX (eciu
B COCTaBe Cy/10BOH anekTpocTaniuu HeT BI), T

Gl = GumNepTs/1000. (16)

Ecmu B cocraB anexkrpocraniuu BXxoaut BI', To pacxon muimHAPOBOro
Maciia Ha 3ToM d3Tane paBeH (MoimHocTh ['J] yBenmuuBaem Ha 300 kBt —
MoutHocTh BI')

G2 = gy (Nyy + 300)T,,/1000. (17)

9.3. Pacxo IMIMHAPOBOIO Macia 3a BpeMs nepexona Gy, onpenesseM aHajo-
TUYHO PACXOy ITUIMHIPOBOTO Macia B nmpudpexubix Bogax (m. 10.2), Tonb-
KO BMeCTO 1z B YpaBHEHUS MMOJACTABIIsEM 1 — BpeMsl IEpexo/ia.
10. CymmapHabie pacxopl TOTUIUB U Macell 3a peiic, T:

— TAXKCIJIOTO TOIIJIMBA

Grr = G (18)
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— HU3KOCCPHHUCTOTO AU3CIIbHOI'O TOILIIMBA

Go = 2G™ + 2G™ + 2G™; (19)
— CMA304YHOI'0O Macljia
Gy = 2GI° + 2GM. + 2G™® + GI.; (20)
— HUWJIMHAPOBOI'O MacCJjia
G = 2GM, + 2G + G, (21)

Ecnu nonymieHus, yka3aHHbie B 1.1, HE IPUMEHSTh, TO PacXo/Ibl TOILTUBA
¥ Maclia Ha dTarnax I'py30BBIX OIepallfii, MAaHEBPUPOBAHUS M JIBHKCHUS B IPH-
OpEXKHBIX BOJIAX CYMTAIOT OTICIIBHO ISl IOPTOB MOTPY3KH M Pa3rpy3KH U, COOT-
BETCTBEHHO, MOJACTaBIAOT B BoIpakeHus [19], [20], [21] BmecTo ynBOeHHBIX
3HAYCHHUH PacXo/I0B TOILTMBA U Macell JIJIsl 3TUX 3TAaIlOB.

11. 3arpathl Ha TOTUIMBA U Maclia 3a peiic, pyo.

Ry = CrpGrp + CppGpr + Coy Goy + G Gy, (22)
rae Cp.. — CTOMMOCTb TSDKEJIOro TOIUINBA, pyO/T;
Cyr — CTOMMOCTb HU3KOCEPHUCTOIO AU3ENILHOIO TOILINBA, PYO/T;
C.p — CTOUMOCTBH CMa304HOI0 Maciia, pyo/T;
Cim

HaHHBIﬁ pacucT MOKCT OBITH MCIIOJIB30BaH KaK OCHOBA JJIA CpaBHHTCHBHOﬁ

— CTOMMOCTb UMJIMHAPOBOIO Macia, pyo/T.

OIICHKM BJIMSIHUSI HA 3aTPaThl CKOPOCTH JBWKEHUS CYJHA, MPOJOJLKUTEIIBHOCTH
ATAIOB peiica, COPTOB TOILUIMBA M Maciia, 3 (PEKTUBHOCTH MPUMEHEHUS YCTPOMCTB
YTUJIM3ALUMU TEIIOBBIX noTepb COVY u T. 1.

HcnoJsib30BaHHbIE HCTOYHUKH
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JJaHHbIC )19 pacyera

[Ipunoxenue

Tabmuma 1

Bapuant 1 2 3 4 5 6 7 8 9
Bomousmemienne, T [20000 {40000 {60000 (80000 |{100000 {120000 {20000 |40000 |60000
Koo rmiert 122 | 15 | 16 |20 | 22 | 23 |12 |15 | 16
comnpotusiieHus, C
Paccrosinue
1o Topra, L, ThIC. 2 3 4 5 6 7 8 7 6
MHIIb
Paccrosinue
B TIPUOPEKHBIX 20 25 30 35 40 50 60 70 80
Bojdax, Lns, MmiIn
Bpewms rpy3oBbIx
oneparnuii, Tro, 2 3 4 2 3 4 2 3 4
CyT.
Bpems maneBpoB, 2 3 4 5 2 3 4 5 2
TM,'-I
Y nenbHbIN pac-
xox rommsa I'JI, (0,160 (0,165 [0,170 {0,175 | 0,180 | 0,160 |0,165 |0,170 {0,175
Qrx, KI/KBT 9
Y nenbHbIN pac-
xox romsa AI, (0,195 | 0,2 0,205 {0,210 | 0,190 | 0,185 |0,195 | 0,2 |0,205
Our, KI/KBT 41
Y nenbHbIN pac-
XOJI IIUJI. Maclia, 1 2 0,5 0,6 0,7 1 1,1 1,2 2
Quy, I/KBT 4
CocraB 2 A0, |2 AL, 2 A, | 2 AT, 2 A1, |2 AT,
BIIEKTPOCTAHLIUU 3 Ar BI' | VIT 3 Ar BI' VIT 3 Ar BI' | VIT
MoutHoCTb
AH3CITT 400 | 450 | 500 | 600 | 500 | 700 | 400 | 500 | 600
reHeparopa,
Nz[r, kBT
YacoBou pacxon
torumiBa Ha I1K, 200 | 210 | 230 | 300 350 350 200 | 210 | 220
Bk, kr/4a
YV nenbHbIi pacxon
CM. MacJa, 0,6 0,7 0,8 0,9 0,6 0,7 0,8 0,9 0,6
Qcw, I/KBTU
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TaOmuma 2

Bapuant

10

11

12

13

14

15

16

17

18

Bopousmenienue, T

20000

40000

60000

80000

100000

120000

20000

40000

60000

Koaddunment
conpotusnenus, C

12

15

16

20

22

23

13

16

17

Paccrosanue
10 mopTa, L,
TBHIC. MUJIB

5,9

6,5

4,5

7,5

Paccrosnue
B IIPUOPEIKHBIX
Bogax LIIB, munp

80

60

40

35

30

50

25

70

20

Bpewms rpy30Bbix
orepanuu,
TT'O, cyr.

Bpems maneBpoB
™, u

VY nenbHbIN pacxon
toruBa [/,
grni, Kr/kBT u

0,180

0,165

0,170

0,175

0,165

0,160

0,165

0,170

0,175

VY nenbHbIN pacxon
toruBa /I,
gnr, Ki/kBt u

0,195

0,2

0,205

0,210

0,190

0,185

0,195

0,2

0,205

VY nenbHbI pacxos
IUJI. MacJia, g,
r/kBT 4

1,1

0,5

0,7

0,6

1,2

Cocrasn
ANEKTPOCTAHIINHU

30

2 T,
BT

2 AT,
YTT

3T

2 T,
BT

2 AT,
YTT

3T

2 T,
BT

2 i,
YTT

MoiHocTh
JU3elb-TeHepaTopa,
NI, kBt

400

450

500

500

600

700

400

600

500

YacoBol pacxon
torutuBa Ha [1K,
BIIK, kr/4

200

210

230

350

300

350

210

200

220

VY nenpHbIi pacxo
CM. Macia,
gcm, T/kB1u

0,6

0,7

0,8

0,8

0,6

0,7

0,9

0,6

0,9

16




TaOmuma 3

Bapuant

19

20

21

22

23

24

25

26

27

Bopousmemienue, T.

20000

40000

60000

80000

100000

120000

20000

40000

60000

Koa¢ppuument
cornporusienus, C

11

15

18

20

21

22

12

15

17

Paccrosguune
1o mopTa L,
TBIC. MUJIb

2,5

4,5

5,5

3,2

4,2

Paccrosnaue
B MIPUOPEIKHBIX
Bojaax, Lns, Muin

20

35

30

25

50

40

60

10

80

Bpewms rpy3oBbIx
onepanuii, Tro, CyT.

Bpems maneBpoB,
TM, 9

Y nenbHbIN pacxon
torumBa /1, g,
KI/kBT 1

0,160

0,165

0,170

0,175

0,180

0,160

0,165

0,170

0,175

VY nenpHbIN pacxon
torumBa JI', Qar,
KI/kBT 1

0,195

0,2

0,205

0,210

0,190

0,185

0,195

0,2

0,205

VY ienbHbIN pacxo
UAJI. Macla, Guu,
/KBt 41

0,5

0,6

0,7

1,1

1,2

Cocrasn
3JIEKTPOCTAHIIUU

3T

2 AT,
BI

2 AT,
YTI

3T

2 AL,
BI

2 AT,
YTI

3T

2 AT,
BI

2 AT,
YTr

MoutHoCTb
JM3eIb-TeHEePaTopa,
N T, kBT

400

450

500

600

500

700

400

500

600

YacoBol pacxon
torutuBa Ha 1K,
Bk, xr/4a

200

210

230

300

350

350

200

210

220

VY nenbHbI pacxosn
CM. Macia,
Jew, I/KBTU

0,6

0,7

0,8

0,9

0,6

0,7

0,8

0,9

0,6
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Tabmuna 4

Bapuaut 28 29 30 31 32 33 34 35 36
Bogousmemenue, T. {20000 {40000 60000 {80000 [100000 {120000 {20000 |40000 |60000
Kosdmmment 11 | 14 | 1819 ] 20 | 21 | 12| 15 | 17
conpotusnenusi, C
Paccrosinue
1o mopTa, L, 15 2,7 42 5,8 6,5 5 45 3,7 1,3
TBIC. MHJIb
Paccrosinue
B MPUOPEIKHBIX 25 35 32 37 42 51 65 30 40
Bogax, Lms, MuIb
Bpems TPY30BBIX 2 3 4 5 3 4 5 3 4
onepamuu, Tro, CyT.

Bpewst maneepos, | 45 | 35 | 5 | 4 | 3 > | 2| 5 | 4
Tm,q
VY ienbHbIA pacxon
toruBa ', g, 0,163 |0,165| 0,172 | 0,175| 0,185 | 0,168 | 0,165 | 0,173 | 0,178
KI/kBT 1
VY ienbHbINA pacxon
toruBa I, Qur, 0,191 | 0,205 | 0,203 | 0,210 | 0,193 | 0,185 | 0,195 0,210 | 0,205
KI/kBT 1
VY ienbHbIA pacxon
AT, Macia, Ju, 1 2 0,5 0,6 0,7 1 1,1 1,2 2
r/’kBt 4
2 2 2 2

Cocras 2 A, | 2 AT,

3IAr | Ar, | Aar, | 3 A4Ar 3A0 | A, | AL,
3JIEKTPOCTAHIIUU BT | VTIT BI' V1T BLC | VTIr
MOIIHOCTE IU3EIb-
reHeparopa, 400 | 450 | 500 600 500 700 400 | 500 | 600
Nnr, kBt
YacoBoli pacxon
tormBa Ha 1K, 200 | 210 230 | 300 350 350 200 | 210 | 220
Bk, kr/gu
VY nenbHbIN pacxos
CM. MacJa, 0,6 0,7 0,8 0,9 0,6 0,7 0,8 0,9 0,6
Jem, T/KBT 4
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Ta0muma 5

BapuanTt 37 38 39 40 41 42 43 44 45

Bonousmemnienue,
T

20000 | 40000 | 60000 | 80000 | 100000 | 120000 | 20000 | 40000 | 60000

Koaddurment

12 16 17 19 20 20 11 16 17
conpotusienus C

Paccrosuune
1o mopTa L, 55 4.8 6,6 3 5,6 4.1 1,3 2,2 3,1

ThIC. MHJIb

Paccrossaue
B MIPUOPEIKHBIX 23 25 34 35 40 55 60 71 85
Bodax Lmp, MUIIb

Bpewms rpy3oBbIx
omeparuit 25 4 2 2 3 4 2 3,5 4
Tro, CyT.

Bpewms
MaHeBpoB T m, 4

YV nensHbIl pacxom
torumsa ['/], 0,160 | 0,165 | 0,170 | 0,175 | 0,180 | 0,160 | 0,165 | 0,170 | 0,175

Orx, KI/KBT 9

Y ienbHbIN pacxo/q
toruiBa JI, 0,195 0,2 | 0,205 | 0,210 | 0,190 0,185 | 0,195 | 0,2 | 0,205

Qur, KI/KBT 4

Y ienbHbIN pacxo/

IIMJI. Maca, 1 2 0,5 0,6 0,7 1 1,1 1,2 2
Quu, I/KBT 4

Cocras 3 I, 2 T, 200, | 241, | 3Ar, | 2 AT,
DJIEKTPOCTAHLINU BI' 2, YTT 3 AT BI' YTT BI' YTT 2,
MoutHoCTb

AR 400 | 450 | 500 | 600 | 500 | 700 | 400 | 500 | 600
reHeparopa

Nz[r, kBT

YacoBol pacxop
toruuBa Ha [1K, 200 210 230 300 450 400 300 210 220

Bk, kr/4a

Y nenbHbIi pacxom
CM. MacJa, 0,6 0,7 0,8 0,9 0,6 0,7 0,8 0,9 0,6
Oew, T/KBT 4
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O603HaueHuUs:

I'J] — rmaBHBIN IBUTATENb,

JI" — nu3enb-reneparop,

BI' — Banoreneparop,

VTT — yrunu3anuoHHbIi TypOOTeHepaTop.

CroumocTh TONIMB M MaceJ (Ha saBapb 2018)
CroumocTs Tskenoro tommmsa (IFO 380) — 370 $/1.
Croumocth MDO (1u3. Tomuso) — 550 $/t.
Croumocth DMX (Hu3kocepHuctoe au3. Tommso) — 600 $/t.
CroumocTts cmazounoro macia (200 i1.) — 40000 pyo.
Croumocts munuHApoBoro maciua (200 i1.) — 47000 pyo.



Yuebnoe uzoanue

UemonakoB Anapeint JIeonnmosuy

PACYET 3ATPAT HA TOILJIMBO U MACJIO 3A PEHC

VyeOHO-MeTOINUECKOE TTOCO0HE

Penaxrop E. A. Kynukosa
Texunueckuit pegakrop O. I'. Cukopckas

Ileuaraercs ¢ TOTOBOTO OpuruHaji-MaKkeTa,
MMOATOTOBJICHHOTO aBTOPOM.

0,55 yu.-u3n. 1. dopmar 60 x 84 1/16
Tupax 50 ox3. 3akaz Ne 018

Otneuatano B MI'Y um. agm. I'. Y. HeBenbsckoro
690059, BnaguBocTok, yi. Bepxuenoprosas, 50a



