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OmnucaHbl AITOPUTMBI IPOTHO3UPOBAHNUS TTIFOKO3B! B KPOBU, OCHOBAaHHBIC HAa IPUMEHEHUH MaTeMaTH4eCKUX
MoJieieil, KOTpble MOTYT OBITh IPUMEHEHBI B CHCTEMaxX HENIPEPhIBHOTO MOHUTOPHHIA YPOBHS caxapa B KPOBH.

Abstract

Algorithms for predicting blood glucose based on the use of mathematical models that can be used in
continuous monitoring systems for blood sugar are described.

KiroueBble cioBa: HWHCYJIMH; I'NTFOKO3a; MOJCIIb.
Keywords: insulin; glucose; model.

BBICOKOM  COLMAAbHOM  3HAYMMOCTHU
caxapHoro nuabera w Omaromaps OOMaHYHBOH
OPOCTOTE  MarTeMaTHYeCKUX  CHCTeM U3  JIBYX
MEPEMEHHBIX,  CHCTeMa  HMHCYJIMH-TJIOKO3a  Ha
npoTspkeHnH 50 JeT ocTaercss OogHON U3 Hamboiee
JIeTaabHO HCCIEJ0BAHHEIX u MHOTOKPATHO
CMOJICTUPOBAHHBIX OMOJOTHUECKUX CHCTEM.
[IpakTuyeckas  3HAYMMOCTH UcCaeA0BaHuI
COCTOMT B TOM, YTO AJITOPUTMBI IIPOTHO3UPOBAHUSI
TJIIOKO3BI B KPOBH, OCHOBAHHBICE HA MPHMCHCHHUU
MaTeMaTHYECKUX MOJIENEH, MOTYT OBITh IPUMEHEHEI B
CHUCTEMaX HEMPEePHIBHOTO MOHHTOPHHTa  YPOBHSI
caxapa B KpoBH. /{11 OONBHBIX AHaObeToM 1T0 THIA 3TO
MO3BOJHJIO OBI CHIENaTh pacyeT KOMIICHCATOPHBIX JI03

BBuny

dat
ax(t)

dt
are)
dc

rae G(t) = by, X(0) =0, 1(0) = b, + 1.
Ipunsteie 0obo3HaueHus: t = 0 - Bpems; G(t) —
KOHIICHTPAIHs TIIFOKO3BI B KPOBH;

WHCYJHHA 0OJiee TOYHBIM, a JJIsI OONBHBIX THabeToM
BTOPOTO THIA — BHIOPAaTh ONTHMAIBHYIO CXEMY
BECHUS MallMeHTA.

Mopesn Ha OCHOBE
auddepeHINANBHBIX YPABHECHUI

a) Monens beprmana (R.N.Bergman).

IlepBple HONBITKM MOJAEIUPOBAHUSA B3aUMHOU
3aBUCHMOCTH KOHIIEHTPALMil MHCYJIMHA M TJIIOKO3bI
OIMUPAIIUCh MCKIIIOYUTEIBHO HAa TIFOKO30TOJIEePATHBIN
tect (I'TT) [1, 2, 3]. Mogens cymecTtBoBaia B
HECKOJIPKMX BapHaHTaX; IPUMEPOM MOXKET CIIYKHTh
cienyronii Habop nuddepeHanbHBIX ypaBHEHNH,
npencraBieHHbIH B pabote De Gaetano [4]:

00BLIKHOBEHHBIX

2O — b, + X ()]G (t) + byGy
= —b,X(t) + b3 [1(t) — I,] (1)
ba[G(t) — bs)*t — bglI(t) — I,

I(t) — koHUeHTpalyss WHCynMHa B KpoBu; X(t)—
WHAEGKC  WHCYJIHMHOPE3NCTEHTHOCTH;  (,—0a30BBIH
YPOBEHb TJIIOKO3Bl B KpOBH; [j — 0a30BBIil YpOBEHB
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HHCYJIMHA B KPOBH; by — b; — M3BECTHBIC KOHCTAHTHI,

(F)* = {0, f<0
fif >0
Ho Takas MoJenb HEZOCTaTOYHO  TOYHA
MatemaTuuecku. B crarbe De Gaetano [4, cTp. 143-
144] HIPUBOJUTCS IpuMep HEYCTONYHUBOCTH
CTAallMOHAPHOTO  COCTOSHMSL TPU  ONPENENICHHBIX

S3HAYCHUAX CI)I/ITI/IPOBaHHbIX KOHCTAHT.

6) Mogens Crapuca (J.Sturis).

Mopenb OCHOBaHa Ha JBYX OTPHUIATEIbHBIX
OOpaTHBIX CBA3SX: MOTJIOIICHUE TIIFOKO3bl TKAHSIMHU
O] BO3JICHCTBUEM MHCYJIMHA U CEKPELUs WHCYJIMHA B
OTBET Ha TMOCTYIUICHHE TJIOKO3bl. Momenb [5]
onrchiBaeTcs cucteMoit OJ[Y 6-ro mopsiaka:

dG (1) : _ i _ . . .
o Gin— f2(G(1) = (G fa(L;(1) + fs5(x3(1)).
df,(c) 1,(t) (1) I,(t)
” = fi(G(n) —E v, T v )T T
Al _ (L0 L0\ _ L0
dt v, V, o
dx](f) 3 _ .
TR E([p(r) —x1(1)),
dxo (1 3
Jﬁlzaﬁm%wwm
dxs(1) 3 .
T a(«fz(f) — x3(1)),
B cucreme OJlY (2) mpuHATH CIEAyIONIME  pPACHICIUICHHE TIIOKO3BI W BBIBOA  INPOIYKTOB

o0o3HaueHus: G(t) — KOJMYESCTBO TIIFOKO3bI B KPOBH;
I,(t) , I;(t) — xonuyecTBO MHCYIMHA B KPOBU H
MEKKJIETOYHOM  MPOCTPAHCTBE  COOTBETCTBEHHO;
Vp(t), V;(t) crxopoctn muddy3un HHCYIHHA B TUIa3Me
U MEXKIECTOYHOM MPOCTPAHCTBE COOTBETCTBEHHO;
E — mapameTp, ompememsiomuil cKopocTH Audy3umy;
tp, t; —BPCMCHHBIC KOHCTAHTBI, XapaKTCPU3YIOLIHE
MOHIDKEHHWE KOHIIEHTPAllMK HWHCYJIUHA B KPOBH U

MEKKJIETOYHOM  IMPOCTPAHCTBE  COOTBETCTBEHHO;
x1(t), x5(t), x3(t) — IOMOJHHUTEIBbHBIC TEPEMCHHBIE,
OIpeNIeISIFOLINe BpEMEHHBIC 3a7CPIKKH
pacnpocTpaHeHust UHCYJIMHA; f1 — dyskIwms,
MOCIUPYIOIIast BBIPaOOTKY MHCYJIMHA
MO/DKETYAOYHON  JKene3ol;  fo, f3, f4— QyHKIHH,

MOACIUPYIOIHNE TOITIOIEHUE TJIFOKO3bl PAa3JIMYHBIMU
qacTaMHu TCJia (f2 -~ HCPBHBIMU KJIICTKAMHU U KJICTKaMU

MO3ra, f3, f;,— KIETKAMH MBI U KUPOBBIMHU
KIIETKaMH); fs —pynxuus, MOJICIHPYIOLIast
([ dG (1)
dr — Gin -

 dil(1r) \ . 1(1

— = f1i(G() — —.

dr 1
3aecb T, - BpEMEHHas 3aJlepKKa Mexay

BBIPAOOTKON MHCYJIMHA U PACILIETIIIEHUEM TIIFOKO3BI, t;
- BeNWYMHA, OOpaTHas CKOPOCTH YMEHBIIEHUS
KOJIM4EeCTBA MHCYJIMHa B KpoBH. B oTmmume ot

pacuieryieHus: B TI€UeHb; t; - BpeMsl paclICTUICHHS
TIIOKO3BL.

3neck u nanee BennauHa G, IpEACTaBiIsIeT cOOO0M
HaYaJIbHOE 3HAYE€HUE YPOBHS TITFOKO3bI B KPOBHU.

AHaNoruy"o ¢ MPEIbIIYIIM ciy4aem,
HEJIOCTaTKOM TaKkou MOJIETIN SIBJIIETCS
HEYCTOMYMBOCTh  pEIIEHUS] TPHU  ONPeesICHHBIX
YCIIOBHSX. Jost permeHus pOOIEMBI c
HEYCTOWYMBOCTHIO DHIETBOOPTOM OBLIO MPEITIOKEHO
YTOYHEHHE: CUCTEMA C 3aMa3bIBaHIEM 110 BPEMEHH.

Mogemn Ha ocHOoBe OJIY ¢ 3ama3gbpIBaroIIuM
apryMeHTOM

a) Monmens OHrensO0pra
(K.Engelborghs) ocvoBana na mogenn Crapuca u
CYIIIECTBYET B JIByX BapHaHTaX.

[TepBsiii Bapuant monaenu DHrenpbopra [6, cTp.
363] omuchiBaeT AMHAMUKY WHCYJIHMHA, YYHUTHIBas
TOJILKO BpPEMEHHBIC 3aJIePKKH MEXIy BBIPaOOTKOM
WHCYJIMHA ¥ PACIICTINIEHUEM TIIFOKO3bI:

H(GO) = (GO) f(T ) + f5(1 (1 = 12)),
)

(3)

NpeaplAylled  MOJAENM  Takas  MOJAENb  MMEET
YCTOIUYMBBIE pEIIeHUs I CIydaeB, pa3oOpaHHBIX B
[7], 9TOo memaeT MaHHYIO MOJENb 3HAYUTENHLHO OoJjee
MIPUBJICKATEIBHON [T IPUMEHEHUSI.
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Bo Bropom BapumanTe MoOjenu JHreiapdopra
MpEeaNpUHITa TONbITKA MOJEIUPOBATh JUHAMUKY
pacnpocTpaHeHus] HHCYJUHA NPU €r0 MHBEKIIMOHHOM
BBeneHun [6, ctp. 364]. Ho mpu stom nenaercs
JIOTYIICHHE O TOM, YTO (YHKIUS, MOJCITUPYIOIIAs

TZie o - BECOBOU KOA(PPHUIMEHT, ONPeIeIITIONIHA
CTENEeHb BJIMSHHUS €CTECTBEHHOI'O M HMCKYCCTBEHHOTO
WHCYJIMHA, T; - BPEMEHHas 3aJepXKKa BBIPAaOOTKU
€CTECTBEHHOT'O MHCYJIMHA.

0) Mopenb bennera
(D.L.Bennet, S.A. Gourley)

U T'oypmu

¢ (QyHKIMEH
HHCYJIUHA  f; .

WHBEKIMIO HWHCYJIMHA, COBIAIaeT
pacnpocTpaHeHHss E€CTECTBEHHOTO
Mojiesnb UMeET BU/I

dG(t
d; L Gin— [(G(1) = f(GD) fa(1 (1) + f5(1(t = 12)).
1 dI( I )
d—(:) = a/fl(G(I)) — I(_]f) + (1 — Q’)fl(G(f —11)).

Mogens cymecTByeT B IByX BapHaHTax.

Mogens Nel Bennera u I'oypnu ans omucanus
JUHAMUKU TIIOKO3Bl U MHCYJIUHA UCIIONb3YET CUCTEMY
ONlY c 3ama3apIBaloONIuM apryMeHToM [8].

3necs T = 0 - BpeMeHHas 3ajiepKKa BBIPaOOTKH
MHCYJIMHA, Beau4yuHa q > 0 - ompejenseT CKOpOCTh
pacIIerieHHs TIFOKO36I HHCYJIMHOM B KPOBH.

Mogaens Ne2 bennera u ['oypiu [9] mpeacrapiusieT
coboii ympomieHHyo Mozaenb (5). Mogenp Takke

dG(t)

dr
dI (1) _
dr

rne [(0) =1, >0,G(0) =Gy > 0,I(t) =1, mia
moObIX t U3 mpoMexyTKa [—T,,0], G(t) = G, nns
Mo0bIX t M3 npomexyTtka [—71,0]; T, = 0 - Bpems
MEXK Ty TIOBBIILICHHEM YPOBHS KOHIIEHTPALUH TIIFOKO3bI
U TPAaHCIOPTUPOBKOM WMHCYJIMHA B MEKKIETOUHOE
HPOCTPAHCTBO;T, = 0- BpeMs MEXIy
TPAHCIOPTHPOBKOM HHCYJIMHA B  MEKKIETOYHOE
HPOCTPAHCTBO U M3MEHEHHMEM IIPOM3BOICTBA IIFOKO3bI
B IleYeHM; BenuuuHa ¢ > 0 - ompenenseT cKopocTh
pacLIEIUIEHUs.  TIOKO3bI HHCYJMHOM B KPOBH;

diy() o (L) [i(f)) _ ()
o =h(GD) E( v, v -
] dLi@ _ E(lp(r) B L-(r)) _Lo )
dr Vo, Vi i
dG(r
d: L G- £(G0) —qGn) f4(L:(0) + f5(I,(t = 1)),

YUUTHIBACT BPEMEHHYIO 3a/IepXKKy B BBIpaOOTKe
MHCYJIMHA TI0 OTHOLIEHWIO KO BPEMEHH IMOCTYIUICHUS
TJIIOKO3BI B KPOBb M IMEET BUJL

=Gin— L(G1) = [(GO) fa(I(D) + f5(1(1 = 12)),

(6)

= fiI(GUt—1) —dil1),

d; — CKOPOCTh YMEHBIIICHUS KOJIMYECTBA HHCYJIMHA B
KpOBH.

[MapameTpsl ® (GYHKOUM JTAHHBIX
ypaBHEHH TIOJPOOHO OMMCAHEI B padoTe.

Mopenu Ha OCHOBE HHTETPO-An( G epeHITHATBHBIX
ypaBHEHUU

Monenb e T"aeTano Hu ApuHo
(A.DeGaetano, O.Arino) paspaborana [4] Ha OCHOBE
monmenn beprmana (1). BemonHuB (dopmanbHBII
MaTeMaTH4YeCKU aHalu3 JTOW MOJENH, AaBTOPHI
MPEAJIOKUIN €€ YIyYIIEHHBbId BapHaHT, Ha3BaHHOU
umH auHaMudeckoi moernsio (dynamic model):

CHUCTEM
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O = —b,G(0) ~ b (DG + by o
are) be t
7 = —bzl(t) + b_s t—bs G(S)dS

3necw G(t) = Gy, t € [—bs, 0], G(0) = Gy, + by,
1(0) =1, + bybs; 3Ha4YeHUE napamerpa bs
ornpezensercs 0a3albHBIM YPOBHEM TJIOKO3bI Gy, [p—
0a3aJbHBIN yPOBEHb HHCYJIHMHA.

Mopenn Ha  ocHOBe  auddepeHIUaIbHBIX
YpaBHEHHH B YaCTHBIX IPOU3BOIHBIX

B pabote [10] paccMoTpeHa MOAETh TUHAMUKU
MHCYJIHA ¥ TJII0KO3bI Ha OCHOBE A (hepeHIINaTbHBIX

ypaBHEHMH B YaCTHBIX IPOU3BOHBIX, TIOJTyUYEHHAas IPU
JOMYIIEHUH, 4YTO BBOJWMBIH pacTBOp HHCYJIHHA
pacnpocTpaHseTcs B ITOJKOXHOW TKaHHU TOJBKO B BUJIE
TeKCaMEpPHBIX W  IUMEPHBIX MOJICKYN, IIPUYEM
MIPOHUKATh B KaMWUIIPEI MOTYT TOJIBKO IHMEpPHBIC
MOJIeKyTTl. Mogens mpencTaBisier coboil cuctemy
IByX nudepeHnnaNbHbBIX ypaBHEHHH B YaCTHBIX
MIPOU3BOIHBIX

oh
= P(Qd* —h) + DV*h,
5 (8)
a
— =—P(Qd’ —h)+ DV’d — Bd,
or
rae h u d — KOHIEeHTpalus JMEPHOTO u [5] LM. Tolic, E. Mosekilde, J. Sturis.
TeKCaMEPHOTO uncynuHa, Modeling the insulin-glucose feedback system: The

COOTBETCTBEHHO, P — MOCTOSIHHAS
CKOPOCTH, () — XUMHUYECKasi TOCTOSIHHAs PaBHOBECHS,
D - muddysronHas mocTosiHHAs, B — mocTOsSHHAS
CKOPOCTH IIOTJIOIICHHUS HHCYJIHHA.
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AHHOTANUSA

PaGora mocBslleHa W3YYEHHIO BO3MOXHOCTH HCIIONIB30BaHMS (DYHKIMOHAIBHBIX PAacTUTENbHBIX
HUHI'PCAUCHTOB B TEXHOJIOTMHM MSACHBIX HOJ'Iy(i)a6pI/IKaTOB U HCCICNOBAHUIO HUX BIHWAHHUA Ha (I)yHKLII/IOHaJ'H)HO-
TEXHOJIOTHYECKHE CBOMCTBA MSICHBIX (bapmeﬁ " NMUIIEBYIO HCHHOCTH I'OTOBBIX ITPOAYKTOB. MO}I@J’II/IpOBaHI/Ie u
ONTHMU3AIMS PELENTYp MSICOPACTUTENBHBIX MOTY()aOpUKATOB MPOBOIMINCH C HCIOJIB30BAaHHEM HPOIPaMMBI
Smart Lab. I/ICCJ'IeI[OBaHLI KaYCCTBCHHBIC ITOKA3aTCIIN TOTOBBIX IPOAYKTOB, IIOATBEPIKAAOIINX uenec006pa3H0(:TL
BHCCCHUS PACTUTCIILHOI'O ChIPbS B PCUCIITYPbL HOJIY(I)a6pI/IKaTOB. Hpe;[naraeMLIe TCXHOJIOTUU MACOPACTUTCIIbHBIX
oTy(padpHuKaTOB MPOILTH apoOaIHio Ha MicorepepadaThIBaroIIeM npennpusitiun «bapkam.

Abstract

The work is devoted to the study of the possibility of using functional vegetable ingredients in the technology
of meat semi-finished products and the study of their influence on the functional and technological properties of
chopped mea, and nutritional value of finished products. The modeling and optimization of the meat-vegetable
semi-finished products recipes was carried out using the Smart Lab program. The quality indicators of finished
products, confirming the feasibility of introducing vegetable raw materials into the recipes of semi-finished
product, were investigated. The proposed technologies of the meat-vegetable semi-finished products has been
tested at the meat-processing enterprise «Barkady.

KiroueBnie ciioBa: MICHOK (l)apm; PACTUTCIIbHBIC I[O6aBKI/I; ONITUMMU3aAIH PEUCUTYP, MACOPACTUTCIIbHBIC
l'IOJ'Iyq)a6pI/IKaTBI; Ka4C€CTBCHHBIC ITOKA3aTCIU, NUIICBasd ICHHOCTD.

Keywords: minced meat; vegetable supplements; optimization of the recipes; meat-vegetable semi-finished
products; qualitative indicators; nutritional value.

B HacTosiiiee BpeMst HAOII0IaeTCsl 3HAYUTENBbHBIA ~ ONTHMHU3AIMKH  KOMILJIEKCA  CBOWCTB  IHIIEBOTO
pOCT TPOM3BOACTBA TONY(PaOPUKATOB CpeIu APYTHMX  MPOAYKTa IO  YCTAHOBIEHHBIM  KPUTEPHUSIM U
MPOJYKTOB muTaHus. Bc€ Oombloe pacnpocTpaHeHne  OTpaHHUYEHUSIM Ha KaKIOM dTame ero paspabotku [1,
MOJyYaloT KOMOWHHUpPOBaHHbIC ToONydhadpukatel, B  c.5].
peuenTtypy KOTOPBIX BXOZAT, HApsAy C MSICHBIMHU Lenpro HacTosmIeH pabOTHI ABIsETCS pa3paboTKa
HUHI'PCAUCHTAMU, pa3H006pa3HLIe (byHKL[I/IOHaJ'H)HLIe TEXHOJIOTUU HOBBIX BUJIOB MACOPACTUTCIIBHBIX
PaCTUTCIIbHBIC KOMIIOHEHTEI, ITO3BOJIAOIIHUEC TTOJTy4YaTh I'[OJ'Iy(i)a6pI/IKaTOB Ha OCHOBC MOJIACIMPOBAHUA U

oy haOpuKaThl C IMUPOKUM CHEKTPOM JCHCTBHS U
(hyHKIIMOHATLHOH HAIPABJICHHOCTHIO. JTO IPUBOIUT K

HEe0o0XO0UMOCTH MOCTOSIHHOTO pacimpeHus
ACCOPTHMEHTa  BBIITyCKAEMON MPOAYKIHMU  ITyTEM
KOPPEKIHUH CYILIECTBYOIUX peLenTypHBIX

KOMITO3MIIMH U pa3paboTKu HOBBIX penentyp [1, c.3].

PazpaboTka pemenTyp HOBBIX BHAOB MSCHBIX
oty hpabpruKaToB TpebyeT oT TEXHOJIOTOB
MscornepepadaThIBAIOIINX NPEANPHUSITHHA 3aTpaTr He
TOBKO BPEMEHH, HO ¥ (PMHAHCOBBIX BIIOKCHHH.
OnepaTuBHO pearupoBatb Ha N3MEHEeHNe
MOTPEOUTENTBCKUX TIPEIOUYTEHNH MOXHO, MCHOJB3YS
MaTeMaTHYecKoe M MMUTALMOHHOE MOJICIMPOBAHME,
KOTOpO€ CTaHOBMTCSI ISl TEXHOJOra OJHUM U3
HEOOXOANMBIX HMHCTPYMEHTOB B pEIICHUH 3aaad

ONTUMHU3ALMU PEUENTYpP C MPUMEHEHHEM MPOrpaMMBbl
Smart Lab, a Takxe ncciieoBaHUE BIMSHUSA BBOUMBIX
PACTHUTEIIFHBIX HMHTPEAMCHTOB Ha (PYHKIHOHAIBHO-
TEXHOJIOTHYECKUE CBOWCTBA MSICHBIX (apmeit u
MUIIEBYIO LIEHHOCTb TOTOBBIX MPOIYKTOB.

Jnst u3ydeHHs] KayeCTBEHHBIX XapaKTePUCTHUK
HOBBIX BHJIOB MSICOPACTUTEIBHBIX MOIyPadbpruKaToB
ObLTM  WCTIONB30BaHBI  CTAHAAPTHBIE  METOIMKH,
CHEKTPO(HOTOMETPUIECKHI METOJ], Tporpamma Smart
Lab, MeTom aHaNIMTHYECKOTO pacdyeTa XUMHUYIECKOTO
cocraBa W 0a30BBIX IIOKa3aTellell OMOIOTHYECKOM
LIEHHOCTH MACHBIX nponyktoB JlumatoBa H.H. u
Porosa N.A. [1, 2, 3].

Hcxons w3 MOCTaBICHHBIX B paboTe 3amadv, Ha
MepBOM 3Tame ObUIM  pa3pabOTaHbl  MOJCIBHBIC
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peLenTypsl MsICOPACTUTEIBHBIX NOIy()aOdpHKaToB - B
TECTOBOM 000JI0UKe (najiee meibMeHeil) U pyOJIeHBIX
noypadpuKaroB (anee KOTJeT).

B kauecTBe KOHTPOJBHOTO oOpasma  Ois
MSICOPACTUTENBHBIX I0Jy(aOpuKkaToB B TECTOBOM
obomouke OpLTa HCTIOJIh30BaHa penentypa

HallMOHAIIbHBIX YHT'YPCKUX NEJIbMEHEH, T/Ie B KaUeCTBE
HAYMHKMA HUCIIOJIB30BAICS TOJBKO H3MEIbYCHHBIN

KJIEBEP.

Knesep s1yroBoii — 310 pactenue, KOTOpOe pacTerT
BO Bcex permoHax Keipremckoit —PecmyOmukw,
HENpUXOTINBOE, He Tpelyromee CIeHUalbHBIX

YCIOBUH AJII €ro KyJIbTUBHUPOBaHMUSA M IOJIB3yeTCA
OGonpIION  MOMYJSIPHOCTBIO IPU  IPUTOTOBIECHUU
HallMOHAJIBHBIX OO,

3ajadell HallUX MHCCIEAOBAaHHM B 3TO ciydae
ObLIO 10JI00paTh ONTHMAILHOE COOTHOILIEHUE MSICHOM
Y pacTUTEIbHON YacTel MsicopacTUTENbHOTO (apia. B
Ka4yecTBE MSICHOTO KOMIIOHEHTA HCIOJIB30BaIH (hapin
W3 TOBSAMHBI )KMJIOBAaHHOH 2 copTa. JIOTIOHUTENIBHO B
COCTaB HCCIICIYEMBIX O00pa3IOB MSICOPACTUTEIBHBIX
(baprreit neapMeHel BBOIMIIOCH MOJICOIHEYHOE Macio
C LEeIbI0 JONOJIHUTENBHOrO O0OTraleHus TOTOBOTO

MPOAYKTa MMOJIMHEHACKIIEHHBIMU KUPHBIMU
KHUCJIOTAMH.

MoenbHBIE  PEHEeNnTyphl  MSCOPACTUTEIbHBIX
KOTJET pa3paboTaHbl Ha OCHOBE HMEIOIICHCS
pelenTyphl  KOTJIET  TOBSDKbHUX  (KOHTPOJBHBIN
oOpazerm). B kadecTBe pacTHTENBHBIX J00aBOK
UCIONb30BANIM  CBEKJy, IIMHHAT, MOPKOBb U

MEKWHCKYIO0 KalycTy. BBIOOp BceX pacTHTEIBHBIX
J00aBOK OCHOBBIBAJICSI HAa PE3YNbTaTax MPOBEICHHOTO
aHamu3a UX XHMMHYECKOTO COCTaBa M IHIIEBON
LEHHOCTH.

JUis MozmenupoBaHUs M ONTUMHU3AIMU PELEnTyp
ucrosip3oBasy  nporpammy  Smart Lab.  Ilpu
ONTHUMH3AIMN PEUENTYpP NHUIIEBBIX IPOIYKTOB JaHHAS
mporpaMma HCTIONB3YET CUMIIJIEKC-METO],
MO3BOJIIOIMI  HAalTU  ONTHUMAJIBHBIE  PELLIEHUs,
KOTOpPBIE UMEIOT ClIeAyIoIre 0a30BbIe COCTABIISIOIINE:
MaTeMaTU4eCKyl0 MOJENb, AJITOPUTM PELIEHUsS 3TOH
3ajadd W HcXoaHble jgaHHble. [l pacuéra
MaTeMaTU4eCKon MOJIENHU peuenryp
MSICOPACTUTENIBHBIX TOMY()aOpUKaTOB HCIIOIb30BAIN
[eNIeByI0 (YHKINIO, OTPaHUYEHHS II0 COAEPKAHHIO
HYTPUEHTOB M TPAaHUYHBIE YCIOBHS IO HEKOTOPHIM
nepeMeHHbIM [4].

OnTuMmu3aliMoHHas 3aaada BbIOOpa Hambolee
ONTHUMANIBHBIX ~ pelenTyp mnporpamMmoi SmartLab
pemanach o CIIEAYIOIINM MTOKA3aTeIsIM:
KaJOPUHHOCTH, TUIIEBas U OMOJIOTHIECKasl [IEHHOCTD
TOTOBBIX U3JENUIl.

Ilo pesynbraraM MpOBEAEHHON ONTUMH3ALMU
ObUTM  yCTAaHOBJIEHBI  JIydiide  oOpasmbl IS
MSICOPACTUTENBHBIX MelbMeHer: obpasupl 1 u 2 ¢
MaccoBOM J10J1eH KiIeBepa B MSICOPACTUTEILHOM (apine
25 % u 65 %, COOTBETCTBEHHO.

IIpyu nmnpoBeneHMM ONTUMHU3ALMU  PELENTYP

MSICOPACTUTEIBHBIX KOTJIET KOJIMUYECTBO PACTUTEIBHBIX
WHIPEIMCHTOB, BBOAUMBIX B COCTaB MsCHOro (apuia,
BapbupoBanock a0 40 % c marom 5 %. U3 onbITHBIX
00pa3oB MSICOPACTHTENBHBIX KOTJIET ONTHMAIbHBIM
00pa3noM ObUT OINBITHBIM 00pasel ¢ MaccoBoil noneit
pAaCTHTENBHBIX WHIPEANCHTOB B cOCTaBe (hapima:
CBEKJIBI - 6 %, KalycThl MEKHHCKOH — 5 %, MOPKOBH —
5 %, mmuHara — 16 %.

[Tpennaraemple TEXHOJIOTUH MSCOPACTUTEIBHBIX
mory¢abpukaToB ObUTH anpoOHMpPOBaHBI Ha BEAyIIEM

NpeanpusaTU  MACHOM  oTpaciau  KeIpreizckoi
Pecniyonmukn — OcOO «bapkan». Ha mpeanpusitun
ObLTH U3TOTOBJICHBI OTIBITHBIE HapTHH

MSICOPACTUTEIBHBIX MOITy()aOpUKATOB: IMEIbMEHEH 10
pelentypaM KOHTPOJIBHOTO 00pasiia u 0opasios 1 u 2;
KOTJIET - 10 PeleNnTypaM KOHTPOJIBHOIO U OIBITHOTO
00pasIoB.

[Tpennaraemple TEXHOJOTHH MSCOPACTUTEIBHBIX
1oy haOprKaTOB MOTYHYMIIN MOJIOKUTEIBHYIO OLICHKY
CO CTOPOHBI TEXHOJIOTOB IPEANPHUATHSA, 4YTO OBLIO
OTPaXXE€HO B AKTax arpoOaliy rOTOBBIX MIPOIYKTOB.

OpraHojenTH4IecKasi OleHKa MSICOPAaCTUTEIbHBIX
nejabMeHeld M KoTjieT, BbIpaboTaHHbIX Ha OcOO
«bapkam», mnpoBoamnace 1o S-0ayIbHONM mIKale.
Pe3ynbTaThl AETyCTallMOHHONW OIIGHKH M BU3YaJbHOTO
OCMOTpa  MOKa3aj{, YTO IO  COBOKYHIHOCTH
OpPraHONENTUYECKUX oKasareneu neabMeHen
KOHTPOJIbHBIA 00pa3ell W OMNBITHBIH oOpazen 1 c
MaccoBoOil fonel kneBepa 25 % MOIy4YWsId caMble
BbIcokMe  Oammsl. Ha  ocHOBe — pe3ynbraToB
OPTaHOJICITUYECKOH OLEHKH OBLIO MPHHATO PELICHUE
TIPOBOANTH JANIbHEHININE CCIIEAOBAHNS Kaue€CTBEHHBIX
XapaKTEePUCTHK C KOHTPOJILHBIM 00pa310M 1 OIIBITHBIM
obpazuom 1.

ITo COBOKYITHOCTH OPTaHOJIENTUYECKUX
TOKa3aTeNel MICOPACTUTENLHBIX KOTJIET HAauOOIbIINH
Oayy mosy4us ONBITHBIA oOpaszen (4,9 Oamwra) mo
cpaBHeHHMIO ¢ KoHTpojem (4,7 Oamna). [lomydennbie
SKCIEpUMEHTANbHbIE  JaHHBIE  COIJIACYIOTCS €
pe3ynpTaTaMu ONTHMH3ALINH, BBITIOJIHEHHOI
mporpammoii SmartLab. J{is coxpaHeHUs NHIEBON
LIECHHOCTH PaCTUTEJIbHBIX MHIPEMEHTOB, BBOJUMBIX B
peuentypsl  MsCOpPacTHTENBHBIX — 1OJTy(haOpHuKaTos,
OBLT BEIOpaH TapoBOii croco0 TEII0BOH 00pabOTKH.

Ha cnenyromem »5rtame 3KCHepuMEHTa ObLIH

BBINTOJTHEHBI HCCIICTOBAHUS (yHKIIMOHATIBHO-
TexHosornueckux cBoiictB (DPTC) wuccaemyeMbix
00pa3uoB MSICOPACTUTENBHBIX (apmeit -

sMmysbrupytomieit crmocooHoctn (OC) u croitkocTH
smynbeun  (CD), BOJOCBS3BIBAIONICH CIIOCOOHOCTH
(BCC), mnnactTmyHOCTH, TaK Kak OT CTENeHH
BBIP@KEHHOCTH STHX CBOWCTB 3aBHUCHUT MEXaHU3M
CTPYKTYPHPOBAHUSI WHIPEAMEHTOB pELENTYpbl U
NpeBpalieHne HMX B €IMHYIO IHIIEBYIO CHUCTEMY —
roToBblil nmpoaykT. Pesynbratel uccnenoBanus OTC
HccieyeMbIX 00pas3lioB MSCOPACTHTENbHBIX (haprieit
TIpeicTaBIeHbl B Tabmue 1.
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Tabuumna 1
DOYHKIMOHAJIBbHO-TEXHOJOTHYECKHE CBOICTBA HcceayeMbIX 00pa3uoB dapiueit
Obpaselt [Tokazaremu
P BCC,% | IMacTUYHOCTD, CM/T | BC% | 3%

MsicopacTUTE/IbHbBIE MEeJIbMEHH

KoHTponbHbIi 00pazert 40,2 33 75,6 30,3

OmnbITHBIHN 0Opazer | 45 35 951 50,2
MsicopacTUTEIbHbIE KOTJIEThI

KontposnbHslii 00pazer 45,2 15,6 78,7 29,2

OmnbITHBIN 00paser 48,0 22,7 94,9 49,0

OMyJbrupyromas  crnocoOHOCTb W CTOWKOCTh
SMYJIBCHH WIPAlOT BAaXHYI PpOJb B  OLEHKE
(YHKIIMOHAJIBHO-TEXHOJIOTHYECKUX CBOMCTB (hapiua.
OHH XapakTepm3ylOT CTaOWIBHOCTh 0O0Opa3yeMoi
SMyJIbCHM B Tpolecce NPHroToBIeHHS (apiua,
KOTOpasi BIUSET Ha YPOBEHb BOJOCBS3BIBAIOLICH
CIIOCOOHOCTH M IIACTUYHOCTH MSCOPACTHTEIHHOIO

Gdapma, YTO  TOATBEpXKIACTCA  MOJYYCHHBIMHU
pesynbpratamu (Tabmuma 1).

3nauntenbHoe  yBemmuenne OC u CO
Ha0JII0AaJI0Ch B UCCIIEAYEMBIX obpasnax

MSICOPACTUTENIBHBIX (haplleil neJbMeHel: y ONBbITHOTO
obpazua 1 wHa 19,5 u 19,9 %, cOOTBETCTBEHHO, IO
CPaBHEHMIO C KOHTPOJIEM, YTO YKa3blBa€T Ha TO, YTO
BBE/ICHHE B COCTaB SMYJIbCHH MBIIIEYHBIX OEJIKOB,

o0Jaarommx BBICOKHMH (DyHKIIMOHATBHBIMHU
CBOMCTBaMH,  ONAarompusTHO  CKa3blBaeTci  Ha
(hopMupoBaHUU CTOMKOM MSICOPACTUTENBHON

SMyJnbcud (Tabmuma 1).

VY MICOpacTHTENBHBIX KOTJIET OblIa OTMeueHa
aHajoruuHas KaptuHa: yBenudenune OC u CD vy
onbITHOTO 0Opasia Ha 16,2 u 19,8 %, cooTBETCTBEHHO,
MO0 CpaBHEHWIO C KOHTpojeMm. [lonydeHHble TaHHBIE
CBUJIETENLCTBYIOT O  TOJIOKUTEIBHOM  BIIUSHUU
BBOJUMBIX  PACTHTEJIbHBIX  HHIPEAMECHTOB  Ha
cTpykTypy ¢apma. Veenuuenne OC u CD, B CBOIO
ouepenp, npuseno k yeenumueHntro BCC wu
TUTACTHYHOCTH: JUTS TTETBEMEHEH - y OIBITHOTO 00pasna
1 Ha 4,8 % u 2 cM%/T, COOTBETCTBEHHO, 110 CPABHEHHIO
C KOHTPOJIEM; JJIsI KOTJIET - B ONBITHOM 00pasIie — Ha
2.8 % u 7,1 T/cM?, COOTBETCTBEHHO, II0 CPaBHEHUIO C
KoHTposieM (Tabmuma 1).

Y4uuteiBas, 4TO B COCTaB MSCOPACTHUTEIbHBIX
(dapuield  BXOAWT  3HAYUTENHLHOE  KOJUYECTBO
pacTUTENbHBIX HMHIPENUEeHTOB (nenbMmeHH — 25%,
KoTneTsl - 32 %), comepamux JOCTaTOYHOE
KOJIMYECTBO  TMINEBBIX BOJOKOH H  TIOJE3HBIX
MHUKPOHYTPUCHTOB, CIIOCOOCTBYIOIIUX MOBBIIICHUIO
MUIIEBON LIEHHOCTH TOTOBBIX M3JIEINM U MpUIAIOIINX
UM  (YHKIUMOHAIBGHYK  HANpaBJICHHOCTh,  OBLIU
MPOBEJICHBI UCCIIEA0BAHNUS 110 OMPEIETICHUIO MAaCCOBOM
JIOJIH THIIEBBIX BOJIOKOH U KAJBIHUS B KOHTPOJBHBIX U
OIIBITHBIX 00pas3Iax.

Pe3ynbTatsl HcclieoBaHUS 3THX IOKa3aTesell B
obpasuax MeirbMeHel MoKa3ajl CHUKEHHE MacCOBOM
JIOJIA KJIETYATKU B OTMBITHOM oOpasie | modtu BIBoe,
OJIHAKO COYETaHWE OCTaBINEHCS YaCTH KJIETYATKH C
(OYHKITMOHATEHBIMH CBOWCTBAMH JIPYyTHX
WHTPEANECHTOB HE MPUBEAET, MO HAlleMy MHEHHIO, K
CHIDKCHHIO  (DYHKIMOHAIBHBIX CBOWCTB TOTOBBIX
u3Jenuil. AHaTU3 TaHHBIX M0 ONPEICICHUI0 MacCOBON

JOJM  KaJbIMs CBUACTEIBCTBYET, YTO BHECCHHUE
MSICHOT'O KOMIIOHEHTA B PEUENTypy (aplia MpUBeo K
HE3HAYUTEILHOMY TIOBBINICHUIO MAacCCOBOH  JIOJIH
KaJIbIHA [0 CPaBHEHHIO ¢ KOHTPOJIEM.

[Ipu wmccnenoBaHWN MICOPACTHTEIBHBIX KOTIET
HAOIIOAAIOCh yBETMUEHNE MAaCCOBOM JOJH MUIIEBBIX
BOJIOKOH W KaJbLUs B OMBITHOM oOpasme Ha 0,5 % u
18,74 Mr, COOTBETCTBEHHO, IO CPaBHEHHIO C
KOHTPOJIEM.

C [enpl0 M3YYCHHUS BIMSHUSA PACTHTEIBHBIX
UHTPEUCHTOB HA CTOMKOCTh MSICOPACTUTEIIBHBIX
noiy(haOpUKaTOB TPU XPAHCHUH OBLIM IPOBEICHBI
UCCIICTIOBAHUSI COACPKAHMS JIETYUYUX KUPHBIX KHUCIOT
(JDKK) B  3aMOpPOXEHHBIX  MSCOPACTUTEIbHBIX
oy pabpukaTax, XpaHUBIINXCS TPH TeMIlepaTtype (-
18+£2°C) 1 OTHOCHTETHHOH BIaXKHOCTH BO3ayxa (7545
%) B TeueHne 30 CyTOK C HEPHOANYHOCTHIO
MIPOBEACHHUS aHAIHU30B 7 CYTOK.

AHanu3 TIONYyYeHHBIX MJaHHBIX TOKa3all, YTO
BBEJCHHE pPACTUTCIBHBIX JOOAaBOK B PEUENTYpPHI
MSICOPACTUTENBHBIX 0y (aOpUKaTOB HE CHMXKAET MX
YCTOMYMBOCTH K XpaHeHUt0. [IpogoKuTenbHOCTh UX
XPaHEHUS ¢ MOMEHTAa OKOHYAHHUS TEXHOJOTHYECKOTO
mpomecca coctaBmwia He Oomee 30 cyTox mpH
YKa3aHHBIX BBIIIC MapaMeTpax.

Jlamee OBIT mNpOM3BENEH pacueT MHINEBOH
EHHOCTH M 0a30BBIX IIOKa3aTellel OMOoIoTHmIecKoit
LIEHHOCTH HCCIIEAYEMBIX 00pa3IoB MICOPACTHTEIHHBIX
monrypaOpuKaToB € HCHOJB30BAHUEM TPOTPAMMBI
Smart Lab Ha OCHOBE pacueTHO-aHAIUTHIECKOTO
metoja JIumarosa H.H. u Porosa U.A. [1, c.13-14].

AHanu3 TMOJyYeHHBIX PACYCTHBIX MAHHBIX I10
MEeJNBMEHSM TIOKa3ad, 4YTO OMBITHBIA obpazer; 1
OTJINYAETCS BBICOKOH OMOJIOTMYECKOM 1IEHHOCTBIO, YTO
HETIOCPEJCTBEHHO CBSA3aHO C BBEIEHHEM B COCTaB
Gdapmia TOBSOUHBI JKWIOBAHHOW, OTIMYAMONICHCS
JIOCTaTOYHO BBICOKMM COJIEpYKAHUEM TOJHOIICHHBIX
OenkoB. Hcmomp30BaHWE MSCHOTO WHTPEIUCHTA B
coctaBe  (apma  TpPUBEIO K  MOBHIIICHUIO
SHEPreTUYECKON IIEHHOCTH OIBITHOTO 00pa3ia Ha 180
KKaJl, K 3HAYUTEIHbHOMY YBEIMYCHHUIO ITOKA3aTels
ouonornueckoit menHoctu (BL) wa 46,3 % wu
kodpdunmenta yruaurapaoctn (U); CHHKEHHIO
KPAC — na 64,9 % y omeiTHOro oOpasma 1 1o
CpPaBHEHHMIO ¢ KOHTpojieM. [lofgoOHBI  BBIBOJ
TIOAKPETIISETCS pacUeTHBIMH JAHHBIMH 1o
AMHHOKHCIIOTHOMY COCTaBy HCCIEIyeMBIX 00pa3lioB
TeJIbMEHEH, TTOATBEPKTAFOTIINX OTCYTCTBHUE
JIMHATHPYIOIUX aMIHOKHCIIOT B OTIBITHOM oOpa3sie 1,
B TO BpeMs Kak B KOHTPOJEC OTCYTCTBYIOT 3
HE3aMCHHMbIC aMHHOKHUCIIOTEI.
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PacueTHble JaHHBIE 1O THIIEBOH LIEHHOCTH
MSICOPACTUTENIBHBIX  KOTJIET CBHICTEILCTBYIOT O
HE3HAYUTEIIbHOM YMEHBIICHHH B ONBITHOM 00Opasie
Maccoii gosm 6enka Ha 2,5 %, xupa — 6,5 %, yrieBoioB
— 3,8 %. YMeHbIlICHHE MacCOBOIl 10JIU KHUpa MPUBEIIO
K CHIDKCHHMIO KaJIOPHHHOCTH TOTOBOTO MPOIYKTA.
CHmKeHHEe MaccoBO Joim Oelka HE NPHUBEIO K
pe3KoMy CHIKECHHIO MTUIIEBOM LEHHOCTH:
Ka4eCTBEHHbIC IIOKA3aTENN OENKOBOTO KOMIIOHEHTa
OBUTH BEINIE y OIBITHOTO 00Opasma 10 CpaBHEHHIO C
KoHTposeM. [lokasaTenp OWMOJIOTHYECKOW II@HHOCTH
(BLl) y ombiTHOrO oOpasma ysenuumwics Ha 12 %.
Koaddumuentsr comocraBumoii u30bITouHOCTH G U
KPAC y onbITHOro 00pasia ObliIM 3HAYMTEILHO HUXKE,
4eM Y KOHTPOJIA.

[Tony4eHHBIE SKCIIEPUMEHTANIBHBIE W pacyeTHBIE
JaHHBIE  CBHJIETEIBCTBYIOT O  IEPCHEKTUBHOCTH
NPUMEHEHNS ONTUMM3ALMM TP  MOJCIMPOBAHUU
peuentyp, a  KOMOWHHpDOBaHME  MJCHOTO |
PacTUTEIIFHOTO CBIPBS B COCTaBe (hapIia yIrydIaeT ero

YK 631.527/53.048

(YHKIIMOHATBHO-TEXHOJIOTUIECKUE CBOMCTBa u
MO3BOJISIET TMOJYYUTh TOTOBBI MPOAYKT C BBICOKOU
MHILEBON U OMOJIIOrMYECKON [IEHHOCTBIO.
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AHHOTALUA

B cTartbe mpencTaBieHs! pe3ybTaThl HCCIICAOBAHMN 0 H3YUCHHUIO 0COOEHHOCTEH pOCTa M PA3BUTHS O3UMON
TIIICHHUITBI B 3aBUCHMOCTH OT Pa3HBIX HOPM MUHEPAIbHBIX yI0OpeHuH, olpeiesieHa CpaBHUTEIbHAS YPOKaifHOCTh
COpTOB 03UMOM NINCHUIBI I opomaeMoﬁ paBHHHHOfI 30HbI L[areCTaHa, BBISIBJICHO, UTO, IPHU CUCTEMATUYCCKOM
MPUMCHCHUN MHUHEPAJIBbHBIX y[[OGpeHI/Iﬁ Ha OPOAYKTUBHOCTb M Ka4€CTBO 3€pHa 03UMO MIIeHuIl, Ha JIYTroBO-
KalITaHOBBIX IIOYBaAx paBHHHHOﬁ 30HbI I[areCTaHa, Ka4€CTBO MPOAYKIUU IO COACPIKAHNUIO HUTPATHOI'O a30Ta HEC
yXyamaeTcs. B BapuaHTaXx C MaKCHUMaJIbHBIMU O03aMU TMPUMCHCHUA y):[OGpeHI/Iﬁ Ka4yeCTBO MPOAYKIIUHN
COOTBETCTBOBAJIO BCEM 3KOJIOT'HYCCKUM Tpe60BaHI/I$IM.

I/ICCHe)IOBaHI/DI MO3BOJIAIOT Oojee 0OBEKTUBHO MPCAJIOKUTL MPOU3BOJACTBY COOTHOLICHHUE U3Yy4YaCMbIX O3
MUHCPAJIbHBIX y;[O6peHPII71 JIA ,I[aHHOI71 30HBI, BBIIBUTH HanOoJiee M JKOHOMHUYECKHU BBII'OJAHBIC TIPUCMBbL
TCXHOJIOI'UH, O6€CH€‘II/IBaIOH.II/IC BBICOKHC YPOIXXaHn 3€pHa 03UMOH IIICHHUIIBI.

Abstract

The article presents the results of research on the peculiarities of growth and development of winter wheat
depending on different norms of mineral fertilizers, the comparative yield of winter wheat varieties for the irrigated
plain zone of Dagestan is determined, it is revealed that, with the systematic use of mineral fertilizers on the
productivity and quality of winter wheat grain, on meadow-chestnut soils of the plain zone of Dagestan, the quality
of products in terms of nitrate nitrogen does not deteriorate. In the variants with the highest doses of fertilizer

application, the quality of the products comply with all environmental requirements.
Research allows us to more objectively offer the production of the ratio of the studied doses of mineral
fertilizers for this zone, to identify the most cost-effective methods of technology that provide high yields of winter

wheat grain.

KiroueBble cioBa: O3uMas MIeHUIA, MUHEPAIbHBIC YIOOPEHUS, COPT, PACUCTHBIC JTO3bI, YPOKANHOCTD,
Ka4eCTBO 3€pHA, COACPIKAHUC 66]‘[1(8., ChIpast KJ'IefIKOBPIHa, HUTPATHI.
Keywords: winter wheat, fertilizers, variety, calculated dose, yield, grain quality, protein, wet gluten, nitrates

BBenenune. 3HayeHHE O3MMOM IIIIEHUILI B
dhopMupoBaHuu 3epHOBOTO ()OHIA CTPAHBI BHICOKAS,
OHA XKETrOJHO JaeT BHICOKHE M YCTOHUYUBBIE YPOXKAH.
[TpoyKTUBHOCTh KYJIBTYPBl 3aBHCUT OT XOPOLIEro
NUTaHusl pacTeHuil. B mepuon KynieHus Bo3aelcTBHE
MHUHEPAIbHBIM IIMTAHUEM OKa3bIBaCT 3HAYMTENHHOE
BIMsSHME Ha mpouecc aupepeHIranu KoHyca
HapacTaHusl U KOJIMYECTBO OOPa3yIOUIMXCsl KOJOCKOB
Ha koioce. [loj BIMSHMEM YCHIICHHOTO a30THOTO
NUTaHKA TeMIl AuddepeHnnanny 3a1epKuBaeTcs, HO
KOJIOCKOB 0Opazyercst Oosblle, YeM MpH YCHICHHOM
(ochoproM muTaHNK. BHeceHne B mepHoj HalMBa —
MOJAKOPMOK ~ a30TOM  CIIOCOOCTBYET  IOBBIIICHHUIO
coJiepkaHusi Oenka B 3epHe, nuTanue (ochopom
HaKOIUIEHWE KpaxMalia, a YBEJIMYCHHE KaJHMHHOTO
MUTaHHUSl YCUIIMBAET MEPEBHKEHHE IUIACTHYECKUX
BEILIECTB U3 JIUCTHEB K KOJIOCY, 0COOEHHOTO YIIIEeBO/IOB,
00ecreunBaoInX HAKOIUICHHE Kpaxmaia B 3epHe [4].

IIpn BHeceHMM BBICOKMX [103 MHHEPaJIbHBIX
BEILIECTB HEOOXOAMMO YydecaTb MX OTpPHUIATENLHOE
BO3/eiicTBIE (HAaKOIJIGHHE HHUTPAaTOB) Ha OOMEH
BEILIECTB PACTCHUI, YTO B PE3yJIbTaTe CKa3bIBAacTCs Ha
KaueCTBEHHbIX  MOKa3aTelsX  3€pHA  IIICHMIIBI.
Ontumuzanysi HOPM  MHHEpAIBHBIX  yJ0OpeHunit
npejionpeie/sieT  palMOHANBHBIA  BBIOOp /103
MUTATEJbHBIX ~ BEIIECTB,  KOTOpPBbIE  IO3BOJISIOT
MOJIyYUTh BBICOKUH YypoXkaill, U B TO XK€ BpeMs
UCKIIIOYUTh  PUCK  3arps3HEHHs [OYBBI, 3€pHA
TOKCHYHBIMHU BemiecTBamu [2,4].

Lens wuccnenoBaHuil — omnpeAenuTh IEUCTBUE
MUHEPAIbHBIX YI0OPEHHI Ha MapamMeTpbl CTPYKTYPHI
ypoxasi ¥ KadeCTBEHHbBIE IMOKa3aTeNH 3€pHa O3MMOMN
TIIICHUIIBI.

Jnst JIOCTHKCHUS eyu BBITIOJTHSUTHCH
CIEeyIOIINe 3a/1a4: U3yUYUTh OCOOEHHOCTH Pa3BUTHS
COpPTOB O3MMOU MINEHUIIBl; aHATU3UPOBATH TUHAMUKY
colepkaHusl Oellka, CHIpOW KIICHKOBHHBI B 3€pHCE;
OTIPENICNIUTh BIHMSHUC I03 MHUHEPAIBHBIX yIOOpeHUi
Ha HaKOIUICHUE HUTPATOB B 3¢pPHE O3UMOMW MIIICHUIIEI.

MaTtepuaji, MeTOAUKA U YCJIOBHS NPOBeIeHUS
uccjaegoanmnii. Mccnenosanus nposoguinck B 2018-
2019 rr. Ha KOJUIGKIIMOHHOM Yy4acTKe KadeIpsl
pacTeHueBoJicTBa U KopmonpousBoactea PI'EOY BO
Harectanckuit I'AY. IlouBa -myroBo-kamTaHoBas,
Tsokenocyrnuanctas.  ComepkaHne  Tymyca B
maxoTHoM ciioe - 2,21%, P2Os- 1,5 mr /100 T 1ouBEI,
K>0- 28,2 mr/100 r mouBsl. ITI0THOCTH MaxOTHOTO
crog — 1,30 r/em®, HB — 30,5 %. Pasmep ONBITHBIX
JeTAHOK — 25 M?, MOBTOPHOCTH 4-X KpaTHas. MeToiuka
obmenpunsTast [ 1,5].

B wuccnenoBanusx OBLIM HCHOJB30BAaHBI COPTA
o3umoil mmenunsl Cuna u I'pom cenexnun GI'BHY
Kpacnonapckoro HAy4YHO-MCCIIE10BATENbCKOTO
MHCTUTYTa  CEIbCKOro  xo3saicrBa uM. ILIL
Jlykpsarenko [1]. B onblTax n3y4anuce BapuaHTHL: 0e3
ynoopennii-B1; NsoPso-B2; NeoPso - Bs; NiosPso- B,
N150Ps0-Bs; N19oPso-Be.

PesyabTaTsl McciaenoBanui. IIpu coBmecTHOM
JeiictBuu a3ota U (Qochopa MOXKHO JOCTHUTHYTh



Hanmonanenas accoumnanus yuenoix (HAY) # 54, 2020

13

3HAYUTEIBHOTO POCTA KOJOCKOB B KOJIOCE, MPUYEM
3aMe/UIeHHE B Pa3BUTHH, IOJIyYaIOLIErocss 3a CYeT
JEUCTBHS a30Ta, KOMIIGHCHPYETCS YCKOPEHHEM B
pasBUTUH, KOTOpoe BbI3bIBacTCs (ochopom. Takum
00pa3zoM peryimpysi 103bl, BpeMsl ¥ CIocOObI BHECEHUSI
A30THCTBIX ¥ (ochaTHBIX yOOOpEeHHH, MOXKHO
MOJYYUTh HamboJee OIarompusITHOE COOTHOIICHHE
MEKAY MPOJYKTUBHOCTBIO M POCTOBBIMH IIPOLIECCAMHU
KyJIBTYpHI [3].

Ilo nmaHHBIM HaAIIUX WCCIEIOBAHUN BHECEHHUE
pacdeTHbIX 103 MHHEPAIbHBIX IUTATEIbHBIX BELIECTB
Ha JIyrOBO-KAaIUTAHOBBIX IOYBaX CII0OCOOCTBOBAIO
YBEIMYCHUIO NMPOJIYKTUBHOCTH O3MMOM mieHusl. Ha
BapuaHTe ¢ BHeceHMeM NsoPso mosyuena mnpubaBka
ypoxasi Ha 28% MO OTHOUIEHHIO K KOHTpoit. Ha
BapuanTte omnbiTa NeoPso, mpubaBka cocraBuna 52%.
Hawusbiciive nokasaTtenu 1o npudaBke K yporkaitHOCTH
03MMOH MIICHUIIBI OTyYeHA Ha BAPHAHTE C BHECEHUEM
MUHEpanbHBIX yanoOpeHmii B Hopme NiogsPsp u
cocrasmia 92-99 %.

Pesynbrarst
HocJetyromniee

OTIBITOB MoKa3au, 4TO
MOBBILIICHUE /103  MHUHEPAIbHBIX
yaoOpeHuid  He  oOecreyumBaeT  CYIIECTBEHHOM
npubaBKU, a WHOW pa3 CHIDKACT IOKa3aTeau
MPOAYKTUBHOCTH TI0 CPABHEHUIO C KOHTPOJIBHBIM
BapuaHTOM. B  pe3ympTare »3TO MNPHUBOAWT K
HCOIPABJAaHHO MPOU3BOJICTBCHHBIM 3aTpaTaM. OTO
TaKXKe CBsA3aHa C TEM, YTO BBICOKHE HOPMBI YA00pCHUI
MPUBOJAT K OOpa30BaHHIO OONBIIONW OHOMACCHI
03MMOM MIIEHUIBI, YTO B CBOIO OYEpe[b MPHUBOAUT K
3arylICHUI0 TIOCEBOB W HAPYIICHUIO KOPPEISIIUU
MEKAYy BO3MOXHOCTSAMH KODHEBOH CHCTEMBI U
KOJIMYECTBOM BEreTaTHBHOM Macchl. Tak, Ha BapuaHTe
N1goPso HabmomaeTcss He CyHIECTBEHHOE CHH)KEHHE
YPOKaWHOCTH W YXYAIICHHE  KA4eCTBEHHBIX
rokasartesei 3epHa.

[IpuMeHeHHE BBICOKMX HEHOPMHPOBAHHBIX 03
MUHEpAIbHBIX yIOOPEHHUil, OKa3bIBaCT HEraTHBHOC

BJIMSIHUE Ha 3€MJIM CEJbCKOro Xo3siictBa. IlpuumHoit
HEOJIAroNPHUAITHOTO BO3ICHCTBHS SIBIIICTCS HAPYIICHUE

NPUHLOMIOB ~ TPUMEHEHUS  YIOOpeHWH, KOoTopoe
MIPUBOJUT K YMEHBIICHHIO YPOXKaHHOCTH M KadecTBa
3epHa 03UMOii TIICHUIBL. ParmonansHoe
HCIIONB30BAaHUE CPEACTB M Mep 3allUTHl 3eMelb OT
HeOJIaroNpHSATHBIX HOCIIeICTBHH BHECCHUS
NECTHIMIOB U MHHEPAIBHBIX yIOOPEHHH, MO3BOJIHUT
00eCIIeYnuTh  YHCTOTYy  OKpYXXaromed  cpensl,
COXpaHEHHE IIOYBEHHOTO IMOTCHIMANa, a Takke

3aIIUTATh 3/I0POBhE HACENCHHWA OT HETaTHBHBIX
BO3/ICHICTBUI TOKCHYHBIX BEIIECTB.

B nccneioBanusx HaMU TaK)Ke U3yYeHO AEHCTBUE
MUHCPAIBHBIX  yIOOPCHMH  Ha  KAueCTBECHHBIC
MOKa3aTeNd Pa3jIMYHbIX COPTOB O3MMOM MIIEHHUIBL. B
CpeiHeM Ha BapHaHTe Oe3 NpHMEHEHUs ynoOpeHuit
coziepxkanue Oenka o coptam coctapmwio 13,90-14,10
%. MakcumanbHOE KOJTHYECTBO Oellka OBLIO MOTYICHO
Ha BapuaHTte NiosPso- 17,50 y copta I'pom u 17,80% y
copra Cuina.

B cootBercTBHE CcO cTaHmapTaMu, KaueCTBCHHBIC
MTOKa3aTelH 3¢PHa, OTBEYAIOIIEM TPEOOBaHUAM TPYIITIS
CUJIBHOM M IIEHHO MIICHHUIIBI, TOJDKEH OBITh HE MEHEE:!
HatypHasi Macca 785 r, ctekinoBuaHoCcTh -70 %, Oenka
— 14%, ceipoit kielikoBunbl — 32,0%.

[lo nmaHHBIM HAIIUX OMBITOB, KA4YECTBCHHBIC
MoKa3aTely 3epHa O3MMOM MIICHUIBI MO0 BapHaHTaM
OIbITA CYIIECTBEHHO BBINIE MO OTHOLICHUIO K
KoHTpomto. Tak, comepkaHHe KJICWKOBHHBI HA
KOHTPOJIbHOM BapuaHTE B CpelHEeM cocTaBmio 23,9-
24,1 %, mpu BHECEHHWH YIOOpPEHHH H3MEHSIOCh B
npeaenax 25,0 % y copra I'pom u 30,1% y copra Cuna.
MaxkcuManbHOE  KOJHYECTBO  KIICHKOBHHBI — OBLIO
BELABIICHO Ha BapuaHTe N1osPso y copra Crma -30,7%.
Takue nosydeHHbIe 3HAUYEHHS Yy U3Y4aeMbIX COPTOB
TOBOPSAT O TOM, YTO HMX MOXXHO OTHECTH K TpYyIIIe
CWIbHAS U IIeHHasl mimeHuna (puc.1).

40 -
30 H CoaeprkaHue, %
6enKa B 3epHe
20 -
W CopeprraHue, %
10 - KNENKOBWUHDI B
MyKe
0
& &£ £ &L L &L
S S $ S S
N S & & Q

Pucynoxk 1. Ilokasamenu kauecmea 3epua o3umoti nutenuyvt copma Cuna npu pasHoix YypOGHIX
MUHEPATbHO20 NUMAHUSL.

Jns  9KOoJOrMueckoil OIEHKH 3€pHa O3UMOM
MIICHULB HU3y4Yaldu [JEHCTBUS 03 MHUHEPAIBHBIX

ynoOpennii Ha (opMHpPOBaHHME HUTPATHOTO a30Ta B
3epHe. CozepxaHnue HUTPATOB CTpOro
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perilaMeHTHpYeTCs
KOHIEHTpaLUeH.
Hamu ObulO yCTaHOBIIEHO, YTO COAEpIKaHUE
HUTPAaTOB B 3€pPHE O3UMOH MIIEHUIBI HM3yYaeMbIX
COPTOB HaXOJUTCS B 3aBUCUMOCTH OT BHOCHMBIX /103
MUHEpaIBHBIX yI0OpeHuil 1 Konebaiach B Ipenenax

MpeAeabHO JIOTTYCTUMOM

or 118 mo 148 wmr/kr. Tak, ecnmum Ha KOHTPOJILHOM
BapHaHTE COJACpPXKAHUE HUTPATOB cocTaBuio 1185
MI/KT, TO Ha y100pEHHBIX BapHaHTaX OHO M3MEHSIOCh
B mpenmenax ot 121,7 ngo 148,3 wr/kr (puc.2).
MakcumainbHOE CO/ep)KaHHUE HHUTPAaTOB OBLIO Ha
BapuaHTe NigoPso- 148,3 Mr/xr.

250
200 /k\
——TpnbaBKa
150 — ypoato,%
100 HuTtparsil,
Mr/Kr
50
0
& BN BN O O
© %QQ Q)QQ Qéz %QQ °>°Q
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Pucynok. 2. [funamuxa npubaexu ypooicas (%) u cooepicanust Humpamos 6 3epHe 03UMOU NULeHULYbL COPMA
Cuna 6 3a8UcCUMOCU OM PACHEMHBIX HOPM MUHEPATLHBIX YOOOPEHUL.

Ilpu sTOM conmepkaHHMEe HHUTPATOB B 3€pHE
U3yYaeMBIX COPTOB HE IIPEBBIANO JOMYCTUMBIX
3HaYeHWH. XOTA MPOCIEKUBACTCA JOCTOBEpHAs
3aBUCUMOCTb conepkanust — NOsz B 3epHe MIICHULB! OT
YPOBHS 00ECIICUCHHOCTH ITOYBBI HUTPATHBIM a30TOM U
MOJIBIKHBIM (hocopom.

BoiBoabl. Cozepxanre NO3z B 3epHE MIICHUIIBI

3aBUCHT OT OOECIEUYeHHOCTH MOYBBI  a30TOM,
NOABWXHBIM (ochopoM U cOAITAHCHPOBAHHOCTHIO
MUHEPAITBHOTO U TaHUA IIOYBBI. HOBTOMy
OIITUMM3AIIUA MUHEPAJIBHOTO IMHUTaHUA 03UMOM

MIIEHUIB TPUBOAUT K PETyIUPOBAHMUIO IPOIECCOB
HaKOIICHNS] HATPATHOTO a30Ta B 3€pHE.

Hanbomnee mpOXyKTUBHBIM U SKOHOMHYECKH
BBITOJHBIM SIBJISIETCSI BapHaHT C BHECEHHEM B IOYBY
Ni1osPso, Tpu KoTOpoM oOecrieunBaeTcs MOTydeHHE
10063 py6. ¢ 1 ra uncroro moxona mo copry I'pom u
19513 py6. no copry Cmma. Ha sToM ke Bapumante
obecrieynBaeTcsi W MaKCHMaJbHas »HEPreTHYeCcKast
3 deKkTUBHOCTb, TpU 3aTparax JOIOJHHUTEIbHON
sHeprun 5,8 TI'/Dx/ra  momydeHa  MPOXyKIuS,
conepxkamas 12,61 T'JIx/ra.
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OO00CHOBBIBaeTCS HEOOXOIMMOCTh TPUMEHEHHS BEPOITHOCTHOTO ITOJIX0/1a K OIIEHKE YCTOWYNBOCTH HACHIITN
B 30HE PACIPOCTPAHEHHS MHOTOJETHEMEP3NbIX TpyHTOB. CHOpMynMpOBaHBI KPUTEPHH OTKa3a 3EMIITHOTO
MOJIOTHA, MPOEKTUPYEMOTO 110 BTOPOMY IPHHIMITY. [Ipe/iosKeHbl My TH BBIYHUCICHHUS KOJMYECTBCHHON OIEHKH

6e30TKa3HOM PabOThI COOPYIKEHUS.
Abstract

The necessity of applying a probabilistic approach to the assessment of the stability of the embankment in the
zone of permafrost. The criteria for failure of the roadbed, designed according to the second principle, are
formulated. Proposed ways to calculate the quantitative assessment of the failure-free operation of the structure.

KiroueBble cjI0Ba: OCHOBaHHE HacChbIIIH, YCTOI\/'I‘{I/IBOCTB OTKOCOB, BTOpOI71 MNPUHIUIT TIPOCKTHUPOBAHUS,
MHOT'OJIETHEMEP3IIbIC TPYHTHI, KPUTEPHH 0TKa3a, BEPOSITHOCTH 0€30TKa3HOU paOOTHI

Keywords: embankment base, stability of slopes, second principle of design, permafrost soils, failure

criterion, reliability function

Boszeenenne 3eMJITHOTO II0JIOTHA
aBTOMOOWJIBHBIX JIOpPOT B 30HE PACHpPOCTPAHEHUS
MHOTOJIETHEMEP3JIBIX TPYHTOB IPUBOJUT K
U3MEHEHUI0  MEP3JIOTHO-TPYHTOBBIX  YCIOBMH B
OCHOBaHUM Hacelmd. B pesynpraTe OTTauBaHUsA
MEpP3IBIX IPYHTOB MOXET IIPOUCXOJUTH
HEpPAaBHOMEpHAsl  OCaJKa  3€MJIIHOTO  IIOJIOTHA,

BBI3BIBAIONIAS HAPYIICHUE YCTOHYUBOCTH 3EMIITHOTO
MOJIOTHA M IehOpMAIIHIO JTOPOKHOW omex bl [4,7,9].
JlaHHBIE COOBITHS IPUBOIAT K OTKa3y aBTOMOOWIEHOU
JIOPOTH — TOTepe CHOCOOHOCTH  COOPYXKCHHUS
BBIITOJIHATE TpeOyeMyro (dhyHKIHIO, T. €.
HEBO3MOKHOCTH O0CCIEYUTh 0OE€30I1aCHOE IBMKEHHE
aBTOMOOWJIBHOTO TpaHCIIOPTa C 3aJlaHHOW pacdETHON

CKOPOCTBIO.
W3BecTHO, 4YTO B 30HE PaCIPOCTPAHEHUS
MHOTOJIETHEMEP3IBIX ~ TPYHTOB HIPUMEHSIOT  TpH

MPUHIAIA TPOEKTHPOBAHHS 3€MIITHOTO ToJjoTHa [9].
[lepBBIii TpUHOMIT TIperycCMaTpUBAeT COXpaHEHHE
OCHOBAHHMSI HACBIM B MEP3JIOM COCTOSHUU B TEUCHHE
BCETr0 TMepHoja OSKCIUTyaTalud Joporu. Bropoit
JIOIyCKaeT YacTHYHOE OTTauBaHHE TIPYHTA 0]

TMIOJIOIIBOH HACHINU. A TIPH HCIOJIB30BAHUH TPETHETO
NPUHIANA [IPEeIyCMaTPUBAECTCS BO3BEICHHUE HACHIIH
nocie HpeBapUTEILHOTO OTTanBaHHUSA
MHOTOJIETHEMEP3NBIX TPYHTOB M HX OCYyIIEHHS B
npesenax JIOpOKHOM MOJOCHL. B 3aBucuUMOCTH OT
HPUMEHSIEMOTO MPUHIAIA MPOEKTUPOBAHUS
3eMJISTHOTO TIOJIOTHA MOTYT OBITH COPMYIHPOBAHBI

pasiMuHble KPUTEpUHM OTKa3za COOpYyXKeHus. B
COOTBETCTBHHM C [5] KpUTEpUIl OTKa3a — 3TO 3apaHee
OTOBOpEHHBIE NPU3HAKH HapyUIeHUs
paboTOCIOCOOHOTO ~ COCTOSIHHMS, 1O  KOTOPBIM

MIPUHUMAIOT PeleHHe O aKTe HACTYIJIEHHUs OTKa3a.

ITpn npOEKTUpOBaHMM 3EMIISIHOTO IIOJIOTHA II0
BTOPOMY TPHHIMITy €ro OOIIyl0 yCTOHYMBOCTH
omeHnBaroT 1m0 TpéM KpurepusaMm [9]. Ilepserid
KPUTEPHH 3aKITI0YaeTCad B OLIEHKE Pa3sHOCTH BEINYHH
OCaJIKM OCHOBAHUS HACHINH IO IByM CTBOpaM. B aTom
Cllydae OTKa30M COOpYXKeHHS OyJeT CUYHTaThCs
coObITHE, KOTIa

o < 14Socul » )
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rie ASocy — Pa3HOCTH 0CA/I0K OCHOBAHUS HACBIITU
B BEPTHKAJBHBIX CEUCHMSX, NPOBEAEHHBIX IO OpOBKE
3eMIISIHOTO TIOJIOTHA U B cpeqHeil yacT 0TKoca; Nyon —
IpeeNbHO JOMYCTHMOE 3HAUYEHUE PA3sHOCTH OCAIOK,
pasnoe 10 cm.

Bropoii kputepuii HakIaabIBa€T OTpaHUUYEHUS Ha
BEJINYMHY CyMMapHOH OCaakH coopykeHus. OTKa3oM
COOPYXCHHSI CUUTACTCS COOBITHE, IPH KOTOPOM

Spon < S, (2)

riae S — cyMMapHast 0cajika Hachllli U OCHOBaHUS,
Spon — JIONIycKaeMasl BeJIMYMHA OCaJKH, 3aBHCAIIAS OT
TUINA JOPOKHOM OIEXKABI, YCIOBUH €€ yCTpOWCTBa,
TOJIIIMHBI HECTAOWIIBHBIX CIOEB HACHINH, a TaKXKe
NPUHLUIA POCKTUPOBAHUS 3€MJISTHOI'O IOJOTHA.
3Ha4YeHUs Syon IPUBEACHH B [9].

Tperuii KpUTEPHIi 3aKIFOIACTCS B OIICHKE (DOPMEI
opeosia otTanBaHus. [ obecrieueHus yCTOHIMBOCTH
HachHIMM  HeoOXoamMo, dYTOOBI ¢opMmMa opeona
OTTaWBaHMA ObUT BHIMYKJIOH BBEPX, IPH 3TOM I'paHHIA
MEKIy MEP3JION M Talol 30HAaMH MMena Obl mosoroe
ouepranue [9]. Torma oTka3oM OyIET CYUTATHCS
BOTHyTasi (BBINYKJIOCTBIO BHHU3) Qopma opeosa
oTTaMBaHMsA. B 93TOM cioydae TakKe MOXKHO
MareMaTuuecku copMynupoBaTh KpUTEpUH OTKaza.
Jisi aTOr0 0003HAYUM Y4aCTOK, HA KOTOPOM BO3HHKAET
opeon orraumBanus, oTpeskom [a; b]. Ilycrs f(x) —
(YHKIMSA, anmpoOKCUMHUpYIOIAs TPaHHUIy MEXIY
TalbM M MEP3NIBIM TPYHTOM, apryMeHT KOTOpOH
NPHHAIUISKUT 3TOMY OTpe3Ky, T. €. & < x < b. Takoi
¢yaknmreit MoxxeT ObITh mapabona. Torma ycioBue
BBIITYKJIOCTH BHH3 (DYHKIIMH UMEET BUJI:

xX1+%x2 fx)+f(x2)
F() s P ©

IJIE X1 ¥ X2 JIIOObIE JIBE TOYKHU U3 MHTEpBaia [a; b].
['eoMeTpryeckn 3TO 03HAa4YaeT, YTO CepeluHa JIH000H
xopael rpaduka ¢yskumm f(X) nmexut mubo Hax
rpadukom, 1n60 Ha HEM [8].

Ecin anmpokcumupyromas (GyHKIHS ABaXabl
muddepeHpyeMa Ha HHTepBaie, TO U TOTO YTOOBI
OHa ObUIa BBIITYKJIOI BHU3, HEOOXOIUMO U JOCTATOYHO,
4yroOBl B mpexesiax uHTepBaia [a; D] e€ Bropas
NPOU3BOIHAS OBLIA HEOTPHULATEIBHOM, T. €.

f"(x) = 0. (4)

OTKa3 COOpY>KEHHS B Pe3yIbTaTe HapyIICHUS €ro
001Ie#t yCTOMYUBOCTH TIPEICTABISET cO00H COOBITHE-
CIIEZICTBHE, UMEIOIIEe MECTO, €CIIM MPOUCXOANUT XOTS
OBI 0THO M3 TPEX UCXOTHBIX COOBITHI, T. €. TPEX BUIOB
OTKa30B, OnuchiBaeMbIx kputepusmu (1), (2) u (4).

Ilpn wnccnenoBaHMM YCTOWYMBOCTH 3EMIITHOTO
MOJIOTHA, BO3BEIEHHOTO B 30HE PaclpoCTPaHEHUs
MHOT0JIETHEMEP3IIBIX TPYHTOB, OTIepUPYIOT
(hakTOpamMH, KOTOpBIE IO CBOEH INpPUpPONE SBISIOTCS
ciydalHbIMH. [Ipekie Bcero, 3TO KIMMAaTHYECKHE,

TPYHTOBBIE u TUAPOJIOTUYECKUE yCJIOBUS,
OTIpEIeIISIONIIE XapaKTEPUCTUKH TPYHTOB
(BmMaXHOCTh,  IJIOTHOCTh, MOAYJIH  YHPYTOCTH,
COTIpOTHBIIEHHWE cIBHTY). HeomnpenenéHHOCT, B

HA3HAUEHUM  PpAcu€THBIX  XapaKTEPUCTHK  TaKXKe
CBf3aHA C [BIDKEHHEM Taloil BOABI B TPYyHTax,
HeM30€XKHBIMM ~ TIOTPEHIHOCTSIMUA  J1abOPaTOPHBIX
HCCIIeIOBAaHUN IPYHTOB, CXeMaTH3allel ABIeHUI npu
pacuérax. n, HaKOHell, HCTOYHUKOM
HEONpeNeNéHHOCTEH MOTyT OBITh CaMH KpPUTEPUH
OTKa30B.

Takum o00pa3oM, TpH OIEHKE YCTOWYHBOCTH
HAachlli ~ Hawbonee  JIOTWYHBIM  IPEACTABILIETCS
HCTIONb30BaHNE BEPOSITHOCTHOTO MOAX0/a.
BeposiTHOCTP  OTKa3a COOpPYXEHHs 10 IIEPBOMY
KpUTEPHIO OTIpeIeNUTCH, KaK BEPOSATHOCTh
BhIMONHeHUss yciaosusa (1), T.e. Py =P(hﬂ0ﬂ<
|AS,cl).  BeposTHOCTH  OTKasa,  BBI3BAHHOTO
MPEBBIIEHUEM CYMMapHOH OCagKd JOIYyCTHMOIO
3Ha4deHus1, P, = P(SL10H < S). BeposTHocTh OTKa3a,
OLICHWBAEMOTO II0 TPETHEMY KPHUTEPHUIO, MOXKET OBITH
BBIUHCIICHA, KaK BEPOSTHOCTH BBINOJIHEHHS YCIIOBUS
4), 1.e. P; =P(f"(x) = 0).

JlaHHBIE COOBITHS HE SBISIOTCA CTOXAaCTHYECKHU
HE3aBHUCUMBIMH, TI0O3TOMY  BEpOATHOCTh  OTKa3a
COOPYKEHHS MOXKET OBITh BBIYKCIICHA 1O (hOpMYyJie

P=PY3_ P Yi 1 (Py Th PyP;).

i,max ' (5)
rae Pjmax — MakcCUMalbHOE 3HaueHue u3 P1, P, u
P3; Pik, Pjk— ycloBHBIC BEpOSTHOCTH BOSHHKHOBEHH i-
ro u j-ro coObITHIl mpu yclnoBuU peanusaiuu K-ro
coueranus j-x cobwrtuii (j #1i) [2].
B kauectBe Mepbl HagE&KHOCTH HACHITA MOXHO

NIPUHAT  BEPOSITHOCTH  0O€30TKa3HOH  paloTHl,
BEIUHCIIIEMYIO TI0 opmyite

H=1-P. (6)

IIpy  nosyueHUM  BEpPOSTHOCTEH  OTKa30B

UCTIOJIB3YIOT pa3iu4Hble MEeTOAMKH. Ecmu daxtopsr,

BIMAIOUIME HA OTKA3 COOPYXKCHHUA, SBJISIOTCS

CTOXaCTUYECKH OIPEACIUMBIME, TO BEPOSITHOCTH

HaxoJdAT 1O 3aKOHaM paclupeacji€eHus, OLUCHKU
KOTOPBIX IOJYYarOT 1O CTATUCTUYCCKUM JJaHHBIM

MHOTOJIETHUX HaOII0IeHnH WITH cepun
9KCIIEPUMEHTOB.

[MTapameTpsr pacripeneneHus (axTopos
HECTOXAaCTHYECKOH  NPUPOMBI,  MPEACTABISIONINX
co00if  (QYHKIMM  CTaTUCTHYECKH  ONpPENEITHMBIX
apTryMEHTOB, YCTaHaBIHBAIOT Ha OCHOBE

paHIOMU3alMK ypaBHEHUN cBs3u. [1pu pangomuzanumn
YpaBHEHHUU CBSI3U MOTYT HCIIOJIB30BATHCS PA3IMIHBIC
mpuéMbl, HauOoOJbIIEe pPACHPOCTPAaHEHHE Cpenu
KOTOPBIX  TOJNYYHMIM  METOJ]  CTaTHCTUYECKHX
ncnsiTaanii (MonTe-Kapio) u MeTos cTaTHCTHIECKOH
muHeapuzauuu [1-3]. i BepOSATHOCTHON OUEHKU
HEONPEEIIEHHOr0 TOKa3aTessl MCIOJIb3YIOT TEOPHUIO
HEYETKUX MHOKECTB WJIM METOJIbI SKCIIEPTHBIX OLIEHOK
[6, 10].

Takum 00pa3oM, B pe3yIbTaTe HCCICOBAHUI:

- chopMyITHPOBaHO TIOHSATHE OTKa3a
ABTOMOOWJIFHOH JIOPOTH KaK IOTEPH CIHOCOOHOCTH
COOPY)KEHHUS  BBIMOJHATH  CBOKO  (QYHKIMIO  —
obecrieunBaTh 6e3omacHoe JIBIKEHUE
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aBTOMOOUIILHOTO TpaHCIIOpTa € 3a£laHHOﬁ paC‘IéTHOﬁ

CKOPOCTBIO;
- Ha3Ha4YCHBbI KpUTCpUn OTKa3a HacChbIIH,
HpOGKTpreMOﬁ B 30HC pacrnpoCcTpaHCHUs

MHOT0JIETHEMEP3IIBIX TPYHTOB [0 BTOPOMY HPHHLIHITY;
- IpeIoKeHa Mepa Hau&KHOCTU COOPYXKCHUS,
KaK BEpOSATHOCTh 0€30TKa3HOUW pabOThI HACHIIIH;
- mpuBeneHa (GopMyina i1 BBIYUCIICHHSA
BEPOSATHOCTH OTKa3a HACBHIM, YYHTHIBAIOIAs TPHU
KpUTEpHSL.
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SKCHEPUMEHTAJIBHOE N3YUYEHUE HEKOTOPBIX ACIIEKTOB UCITAPEHHU A
KOHAEHCATA «CYXUM» YITJIEBOAOPOJHBIM I'A30M B BOMBE PVT

TI'amuooe Hamuz Heiiman
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EXPERIMENTAL INVESTIGATION INTO SOME OF THE ASPECTS OF CONDENSATE
EVAPORATION WITH A "DRY"™ HYDROCARBON GAS IN THE PVT BOMB
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B I[aHHOﬁ CTaTbC U3YyYarOTCA MMOKAa3aTeJIn Npouecca BOSﬂeﬁCTBHﬂ Ha HpHSa60ﬁHyIO 30HY FaSOKOHHGHC&THOﬁ

CKBaXXHHBI «CYXHM» T'a30M B Pa3HBIX TEPMOOApHUUECKUX YCIOBHUAX. DKCIIEPHUMEHTHI ITPOBOIMINCE B Obombe pVT,
B IICJIAX YCTPAHCHUA BJIMAHUA JPYTUX Q)aKTOpOB B IIOJIYUCHHBIX pE3yJibTaTax. HCCJ’IC}IOBaHHS{ N3Yy4arOT UBMCHCHUSA
(t)I/I3I/IKO-XI/IMI/I‘IeCKI/IX U TCPMOJINMHAMUYICCKHX CBOICTB (bHIOI/IIIOB, a TaKXKE€ 3aBUCUMOCTH BCJIMYUHBI UCIIAPUBHICTOCA
KOHIACHCATa OT TEMIEPATyphbl, INUIOTHOCTH KOHACHCATAa MW KOJIMYECTBA KOHTAKTOB. l'[onyquHme JAaHHBbIC
MMPEACTABJIAIOT OCHOBY JId PCIICHHUA HEKOTOPBIX BOIIPOCOB MNPHU IMOBBIIICHUA ITPOAYKTHUBHOCTH )106BIBaI-OH_H/IX
CKBA>XHH.

Abstract

The paper investigates the indicators of the down hole zone stimulation process on gas-condensate well by
applying "dry" natural gas in different thermo-baric conditions. The designed experimental investigation has been
carried out in pVT bomb for eliminating different unnecessary factors may impact on obtained results.
Investigation considered the dependences of the physicochemical and thermodynamic properties of fluids, as well
as the rate of evaporated condensate on temperature, condensate density, and the number of contacts. The data
obtained provide valuable directions for optimizing well productivity.

KiroueBble cjioBa: YTJIE€BOAOPOAHAA CUCTEMA, TA30KOHACHCATHOC MECTOPOXKICHNUE, HCTTAPCHUEC KOHICHCATA,
npn3a6017maﬂ 30Ha, KOHACHCATOCOACPIKAHNUE, HAYAJI0 KOHACHCAITUU.

Keywords: hydrocarbon system, gas-condensate field, condensate evaporation, bottom-hole zone,
condensate-gas ratio, dew point.
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Brenenne

W3BectHO, 4TO KOHJICHCATOOTIa4a B
ra30KOHICHCATHBIX 3aJIe)KaX, HKCILTYaTUPYIOLIIUXCS B
pexxume wucTomieHus, He mpesbimaer 30-40% ot
HavyalnpHBIX  3amacoB  [3,  5-8].  Hampuwmep,
KodpPHUIMEHT KOHAECHCATOOTHauM Mo 3amexu VII
TOPHM30HTA TIyOOKO3aJIErafomero ra30KOHICHCaTHOTO
MecTopoXkJeHnss byimma-meHu3 AsepOaiimkaHa He
npesbimaer 30%. B cBsa3m ¢ 3TuM, 3HaUMTENBHOE
KOJIMYeCTBO  KOH/GHCATa OCTaeTci B  IUIACTE
HEU3BIICYCHHBIM [2, 4].

B mensx wu3BiIeYeHMs OCEBIIETO KOHAEHCATa
NPUMEHSIOTCS Pa3IMYHBIE METOJBI, B TOM YHCJIE U
METO]1 BO3JICUCTBHS Ha NPU3a00MHYIO 30HY CKBKUHBI
ra3aMu, COCTOSIIIIUMH U3 «CYXOT'0» YIJIE€BOJOPOJHOTIO
WY IIUPOKOH (PpaKIMK JIETKHX YTJIEBOAOPOJIOB, TAKHX
Kak npomaH-OyTaH [2, 6, 9-12]. B mensx cHiKeHUs
MOTPEOHOCTH B YTIIEBOJOPOJHOM ra3e, B HEKOTOPBIX
CIIydasix B HETO TOOABIIAIOT OTPEACTIEHHOE KOITMIECTBO
a30Ta WK yriekucioro raza [1,5].

B naGopaTOpHBIX yCIOBHAX HAaMH MPOBEICHBI
MHOTOYHCJICHHBIE JKcmepuMeHTsl [1, 2, 9] mo
M3Y4YCHUIO HCIIApseMOCTH BBINABILETO0 KOHJAEHCATa
ra3aMy pa3jMYHOTO COCTaBa, B TOM YHCJE «CYXOTO»
YIJIEBOJOPOIHOTO, (DU3UUECKOH OCHOBOHM KOTOPOM
SBJISIETCS MCIIAPEHHE BBIMABIIETO0 KOHJAEHCaTa B
NPUCYTCTBMM  Ta30B, B  KOTOPBIX  JKHJKHE
YIJIEBOJOPO/BI  XOpOWIO pacTBopsitorcs. Ilpu sTom
OBLIO YCTaHOBIICHO, YTO, HECMOTPSI HA HEOTHOKPATHOE

BO3/ICiCTBME HA KOHJEHCAT Ta3aMH pa3IM4HOTO
COCTaBa, U3BJICYb €r0 MOJHOCTHIO HE MPEICTABISETCS
BO3MOXKHBIM. Y Ka3aHHAs TEHACHINS O0BSICHSIIACH TEM,
YTO 110 MEpe UCTapeHHsl JEerKuX (pakiuii KOHIeHcaTa
€ro IUIOTHOCTH BO3pACTaeT, a 3TO TpedyeT 3aKauku
OoypIIOr0 KOJMMYECTBA Ta3za IpH 0OoJee BBICOKHX
mareHusx [1, 2]. Tlo BeImIeyka3aHHBIM MPHIHHAM
mpoOemMa MO-TIPEXHEMY aKTyalbHAa M HAaXOAUTCA B
LICHTPE BHUMAHUS HCCIIEJOBATEICH.

B namHO# paboTe W3ydYarOTCsS —ITOKa3aTeln
mporecca BO3ICHCTBHA Ha MpHU3a0OWHYI0 30HY
ra30KOHICHCATHON CKBAXXMHBI «CyXUM» Ta30M Ha
pasHbIX TEepMOOApUUECKHX YCIOBUSIX C Y4ETOM
IUIOTHOCTH KOHJIEHCAaTa, TEMIIEPaTypbl U KOJHYECTBa
KOHTaKTOB. DKCIEPHUMEHTHI IPOBOAMINCH B OomOe
pVT, Tak Kak ONBITBI C yyacTUEM IOPHUCTOH CpeJibl
SIBJISIFOTCSL BeCbMa TpyJnoeMkuMu. Kpome toro, 3aech
IpoIrecc M3y4daeTcss KauyecTBEHHO, 0e3 KaKHX-JIH0O
TIPUBS30K TOJyYCHHBIX DPE3yJIbTaTOB K KOHKPETHBIM
YCIIOBHSIM Pa3pabOTKH.

IKCMepUMEHTAILHASI YCTAHOBKA M MeTOAHKA
MPOBe/IeHUsI IKCIIEPHMEHTOB

Pemenne atoii 3a1a4n, 6€3yciI0BHO, BO3MOXKHO U
C HMCHOJI30BAHUEM CYLIECTBYIOIIUX MaTeMaTHYECKHUX
MoJieNield, HO KaK OBbLIO OTMEYEHO BBIIIE, CIO0XKHBII
xapakrep ()a30BBIX IpeBpalleHUil Npu pa3paboTke
ra30KOHICHCATHOM 3aJIe)KH HE MO3BOJISIET OTPA3UTh 3TH
TIPOLIECCHI TOYHBIMHU MaTeMaTH4eCKHUMU

3aBUCUMOCTSIMH [4-6].

C npyroii CTOPOHBI, KaK MOKa3aHO B MPEIBLTYIITHX
paboTax, BIMSHHE MOPUCTON Cpelbl Ha IOKA3aTEIN
mpouecca  HCHApeHMst  KOHJAEHCAaTa  «CyXHM»
yIIeBOAOPOAHBIM razom cymectseHHoe [3]. Ho
NPOBEJIEHUE 3THUX TPYJOEMKHX OJKCIIEPUMEHTOB He
BCET/la YIaeTcs, U B CBSI3U C ATUM, HIIKE MPUBEICHBI
pe3yibTaThl SKCIEPUMEHTAIBHBIX HCCIEJOBAaHUH IO
WCTIApEHHIO KOHZEHCaTa pa3InuHbBIMU Ta3aMu B bombe
pVT (puc.1) Ha ocHOBe naHHOW MeTOAOJIOTHH [2].

B  oskcmepuMmeHTax —JaBleHHE B CHCTEME
JOBOJMIIOCH IO BEJIWYUHBI, OJNM3KOW K JAaBIEHHIO,
OKHJAEMOMY K KOHILy pPa3paOOTKH MECTOPOXKICHUS
"Bymna-nean3" (AsepbadimxkaH). ns KOHKpPETHBIX

"

Pucynox 1. Dxcnepumenmanvras ycmanogxa

YCIIOBUH 3KCMEPUMEHTOB OHO ObLIO mpuHiTO 12,0
MITa. IIpu 3ToM naHHBIN npeaen nasienns 12,0 MIla
BBIOpaH Ha OCHOBE pacdeToB YCIIOBHIA
(hOHTAaHMPOBAHUS TA30KOHJCHCATHOW CKBaXXHHBI TPHU
ycTheBoM JaBiaeHuu 1,5-2,0 Mlla. Ombitel 1O
MIPUBEICHHOM BEIIIC MOCTICIOBATEIEHOCTH
MIPOBOIMIIMCH BHAYAIIE JIJTsI 3HAYCHHUS TeMIiepatypsl 60
°C.

Kak ObLTO OTMEYCHO BEIIIIE, npu
muQepeHInaTEHOM CHIDKCHHUU JIABICHUS OT Py
(maBnenme Havanma KoHmeHcanuu) g0 12,0 Mlla
M3yYaJINCh COCTAaBBI Ta30B W CBOWCTBA XHUIKOCTH B
KaXJIOM mare. A TaKxKe TIPOBOIMITA
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XpoMaTorpaduueckue aHaIU3bl (OIbITH TPOBOIUINCH
Ha xpomarorpade JIXM-8) coctaBoB ra3oB cenapanuu
U Jleras3aluu.

AHaMU3 Ppe3yJbTATOB JKCHEPHMEHTAJIBHBIX
HcceaeroBanuii. Biasinue pasinyHUX MapaMeTpoB HA
HcIapeHHe KOHAeHcaTa

Xpomatorpaduieckie aHaIM3bl COCTABOB I'a30B
cermapanyuy W AErasaliii MOKa3allk, YTO COJICp)KaHHe
MmetaHa (C1), ataHa (C) u mponana (Cs) kak B cocTaBe
ra3a Jera3aluy, TaK W ra3a Cemapalyy CyIIeCTBEHHO
HE W3MEH’ETCS 10 MEpEe CHIDKCHHS [aBICHUS.
OCHOBHBIE U3MEHEHHSI TPOUCXOAT C 00JIEE TSHKEIBIMU
yrieBojgoposamu, HaumHasg ¢ OyraHoB (Ci), m
HaOJI0AaeTCs POCT MX COJCPIKaHUs KaK B COCTaBe rasa

cernapalyu, Tak ¥ rasa Jerasalnuy 10 Mepe CHIDKEHUS
JaBJICHUSI.

HaGmonaeTcs HeKOTOpoe M3MEHEHUE B CBOWCTBAX
KOH/IeHCaTa B  mpouecce  audepeHIHaIbHOro
CHIKEHHs naBieHus (tabx.l). 3meck peus uaer o
KHUJKUX yTIEBOJOPOaX, yIaBIHBAaEMbIX B CEapaTope
B IIpoIiecce CHIDKeHHs naBieHus. B tabm.1 mokasano
W3MEHEHHE IUIOTHOCTH, MOJICKYJIpHON Macchl (M)
KOH/IeHcata u KoHIeHcaTocoaepxkanus (C) mpu
CHW)KGHMM  JaBJICHWS  OT  JaBICHUS  Hadaia
koHaeHcamud (Py.) mo 12,0 MIla, u, Kak 0XHAaI0Ch,
9TH TMOKa3aTesid KOHJEHCaTa WMEIOT TEHJCHIHUIO
CHIYKEHHS B 3aBUCUMOCTH OT JaBJICHUSL.

Tabuumna 1
HN3meHeHune puznyecKuX CBOMCTB KOHAEHCATOB B Mpolecce
au¢depeHNATbHON KOHAEHCAUT
Wurepsan P C
N/N CHIDKCHHS IABJICHHS, K M 3
MTIla K/ (t/m)
T =60°C
1 29,4-24.0 746,9 107 132.0
2 24,0-18,6 740,4 101 100.7
3 18,6-12,0 734,1 98 41.7
4 12,0-12,0 7275 95 21.0
T=80°C
1 25,8-228 7417 102 182
2 22,8-19,8 738,4 100 147
3 19,8- 16,2 734,2 98 110
4 16,2-12,0 729,2 96 104
5 12,0-12,0 7254 94 44
T =100°C
1 228-19,2 7425 104 1755
2 19,2-15,6 737,6 99 127.3
3 156-12,0 7324 97 94.6
4 12,0-12,0 1277 95 56.3
T=120°C
1 20,8-16,4 743,0 104 190
2 16,4-12,0 738,6 100.5 163.5
3 12,0-12,0 732,0 96.5 100.8

Pe3ynbTarel ONBITOB XOPOIIO COTJIACYIOTCS C
oO0IIenTpuHATON IIPAKTUKOMI pa3paboTku
Ta30KOHACHCATHBIX MECTOPOXKICHHH Ha pexuMe
WCTOLICHUS, NIPU KOTOPOM IUIOTHOCTH KOHJIEHCATa U
KOHJICHCATOCO/Iep)KaHUEe 110 Mepe MaJeHUs NaBICHUS
CHIDKAIOTCSL.

Iepen HayauaoM JKCHEPUMEHTOB o
WCCIICIOBAaHUIO HCIIAPSIEMOCTH KOHJCHCATOB TPHU
BO3ACHUCTBUH Ha HUX "CyXHM'" yTI€BOZOPOJHBIM Ta30M
M3yJalluCh CBOMCTBA OCTaBIIEHCs B OOMOE CHUCTEMBI
MOCJIe 3aBEpUICHMS IUKIA ee HCTommeHus. OTMeTnwm,
YTO B IIOJOOHOW TOCTaHOBKE AKCHEPHUMEHTH HaMHU
MIPOBOIMIINCH BIIEPBEIE.

OKCNEPUMEHTBl MO H3Y4YEHUIO0 HUCIAPSEMOCTH
KOHJIeHCcaTa, ocraBiierocs B ©OomOe pVT mocie
JoctikeHus nasienus 12,0 MlIla, npoBoauiucs npu
KOHTaKTUPOBaHUU CHCTEMBIL c "cyxum"
YII€BOAOPOAHBIM Ta30M, C COCTaBOM U cBoiicTBOM: C1-
91.15; C2-6.78; CO2-0.14; C3-1.1; iC4-0.26; nC4-0.32;
iCs-0.12; nCs-0.09; >Cg-0.04; Cs4-7.70/M%  y-

0,7347r/m®. Kak BHIHO, B COCTaBe Ta3a COJEPIKAHME
MeTaHa gocturaet 6osee 91%, a comepxkanue Oosee
TSOKETBbIX - HeOombmmoe. [IpupomHEI ra3 mMeeT B
cBoeM coctase okoio 0,14 % yrinekucioro rasa.

Takum 00pa3oM, «CyXoif» ra3 KOHTaKTHPOBAJI C
IJIACTOBOM CHUCTEMOM M HaXOIWICS OIpeAeseHHOe
BpEMsi C HUIM B PaBHOBECHUH, T1OCIIE 4ero "OOBITHINH" U3
60oMObl pVT kuMpHBIH Ta3 TMPOITyCKaJCS Yepe3
cemaparop, TJIe OH pa3feisuicss Ha CyXOol Ta3 u
KOHJIEHCAT, ONPEeNeIUICh COCTaB CYXOro Trasa,
MOJIEKYJISIpHAasE Macca | IUIOTHOCTh KOHJEHcAara,
PaCCUHUTHIBAIOCH KOHJICHCATOCOCPXKAHUE IKUPHOTO
JOOBITOTO Ta3a.

[pencrapnser HHTEpeC HCCleI0BaHue
KpaTHOCTH KOHTakTa '"cyxoro" raza ¢ KOHAEHCAaTOM
MpH JadbHEHIIEeH MOOBIYe >KHPHOTO Tasza, T.e. NpHU
MOJEMPOBaHUY Tpollecca UCIapeHus KoHAeHcata. B
ONbITaX KOJMYECTBO LIUKJIOB ONPENEISIOCh UCXOs U3
COJICpKAHUS yJIaBJIMBAEMOT0 B cenaparope
KOHJIeHCaTa B KaXIOM ITUKJIE, T.K. €r0 KOJUYECTBO
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JOJDKHO  OBITH  JIOCTAaTOYHO  JUISi  IIPOBEICHUS
CTaH/AAPTHBIX (U3UKO-XUMUYECKUX HCCICAOBaHUI
CBOMCTB KMAKOH (a3bl. A Takke MOJIy4eHbI
pe3yNbTaThl aHalli3a COCTABOB Ta30B Celapanud U
Jiera3anum npu MHOTOKPaTHOM UCTIapEeHUN
KOHJICHCATa B YCIOBHUAX BO3ICHCTBUA "cyxuM" Ta3oM.
Oxazanoce, uro npu t=60°C coxmepxkanue C; kak B
COCTaBe ra3a cenapalny, TaK ¥ rasa Jera3alni pacTerT,
a, HayMHasg C TMIpOIaHa, COJCpP)KaHHE OCTAIbHBIX,
BKiIto4as Css, CHIKACTCS.

Wzydannce  (QU3MKO-XMMHUYECKHE  CBOWCTBA
ocTraBmIerocsi B O0MOe «ocCTaTKa» >KHUAKOCTH IIOCIE
3aBepLICHHs] Npollecca MCHAapeHusl M, KaK IOoKasaiu
HaOJI0ZIeHNs, €€ CBOICTBA CYIIECTBEHHO OTIMYAIOTCS
OoT HavyaubHbIX. Takum oOpasoMm, B pe3ynbTare
HEO/IHOKPATHOTO HCIIapeHUsl HUAKOTO B IUIACTOBBIX
YCIOBUSIX KOHJIEHCATa «CyXUM» YIJIEBOJIOPOIHBIM
ra3oM MOXHO 100bITh 19% ocTaBuierocst B 6omoe pVT
peTporpasHoro KoHaeHcata Ipu Temmeparype 60°C.
Beimie OblM mpencTaBieHB HEKOTOPBIE PE3yJIbTAThI

KOHTaKkTe ¢ 'Cyxum" YTJIEBOAOPOAHBIM TIa3oM IpuU
temreparype 60°C. B cBs3u ¢ Tem, 4TO [AaHHas

BCJIMYMWHA TEMIICpaTyphbl CYIIECTBEHHO HUXKC
IJIACTOBO MECTOPOKIACHUA Eynna-,ueﬂm, us3
KOTOpOro B34ATa npo6a CHCTCMBbI (HﬂaCTOBaH

Temneparypa okoso 105°C), oneITel O NpUBEAECHHON
BBIIIE TIOCJIEAOBATENIbHOCTH MOBTOPSUIUCH M AJIS
3HaueHuit remmneparyp 80, 100, 120°C, u uzyqanoch ux
BIIMSIHUE HA JAHHBIN Ipoliecc.

IlpoBeneHue wuccnenoBaHMil IpU TeMIEpaTypax,
OTIIMUAIONINXCS OT IUIACTOBOHM, OBUIO  BBI3BaHO
HEOOXOIMMOCTBI0 KaueCTBEHHOTO ONHCAHHS MpoIiecca
M3MEHEeHHS (PH3UKO-XIMHYECKUX U TePMOTMTHAMAIECKHX
CBOICTB ()IFOMIOB, a TAaKKe BEIMYMHBI NCIIAPHBIIEIOCS
KOHZIeHCaTa ((x) B 3aBUCUMOCTH OT TeMIepaTypsl. Takum
o0pa3oM,  MOJECIHpOBAJICA  MPOIECC  HCHapeHHs
KOHJIeHcaTa B MPUCYTCTBUU "cyXoro" yriieBOAOpOIHOTO
raa NpH HEOJHOKPATHOM HX KOHTaKTe B YCIOBHAX
M3MEHSIOUIeCS TEMIIEPATYPHI.

Ha puc.2 mnoxa3aHel KOHTaKTHBIE H30TEPMBI

MCCIIC/IOBAHMI  MCHAPSEMOCTH  KOHJCHCATa MNPH  gommeHcaruu mpu Temieparypax 60, 80, 100 u 120°C.
4
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Pucynox 2. Konmaxmmule uzomepmul npu pasiuyHblx memnepamypax

Kak BumHO M3 puC.2, ¢ POCTOM TEMIEPATYpHI
JaBlieHne Hadana KoHaeHcanu (Py ) cHmkaercs. [Ipn
9TOM OTMEYaeTcsl OMM3KMH K NPSMOJMHEHHOMY TeMIl
CHIDKEHHS Py« B 3aBHCUMOCTH OT TeMIepaTypsl. 31eCh
MPEICTaBIsIET HHTEPEC KOIMYECTBEHHAsI OIEHKA ITHX
W3MEHEHNH, A7 9ero MOJydeHHBIE Ha pPHC.2 TaHHBIC
00pabaThIBAINCh B BHIE 3aBHCUMOCTH Vi/Vey =
f(Pux).

Kak BugHO U3 pe3ynbTaToB 3aBUCUMOCTH Py OT
TEMIEpaTypbl, MAaKCHUMAaJlbHBII  TEMI  CHIDKEHHS

naneHuss okono 4,2 MIla oTmedeH B HHTepBaje
temmeparyp 60-80°C, a mnpu pameHedmeM pocte
temnepatypbl oT 80 10 120°C 3HaueHue Py cHIKaeTcst
HesHaunTenbHO  (okoso 1,0 MIIa/°C).  Ilpm
i depeHnInanTbHOM CHU)KEHHH JaBleHUs! OT Pk 10
12,0 MIla wu3yuyanuch COCTaBbl Ta30B U CBOMCTBA
JKUJKOCTH B Ka)KIOM 11are. B cBs3u ¢ TeM, 4TO 3aKOHBI
W3MEHEHMs] CBOMCTB (IIOMIOB OT JaBJIE€HHS ObUTH
MTOYTH WACHTUIHBIMU.
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Tabmuma 2
CBeleHHsI 0 COCTaBe CHCTEMBI MOCJI€ 3aBepPIIeHHsI MPOIEcca HCTOUIEHUS
KomnoneHTsI Temneparypa, °C.

(rm®) 60 80 100 120

C 136,38 1115 107,2 96,3

Cs 87,5 61,4 56,8 445

>Cy 81,6 63,0 57,6 42,3

Cs+ 2672,7 2395,7 2352,1 1725,6

Kak OblIO OTMEYEHO BBIIIE, HCCIENOBAIMCH  BO3AECHCTBHM Ha OCTaBIIMICS B IUIACTE JKHIKHH

CBOMCTBA M COCTaB Ta30KOHJCHCATHOM CHCTEMBEI,
ocrapmeticss B 6omOe pVT mocite 3aBepiieHus IUKIa
muddepeHInaTbHON KOHACHCAINN B 3aBUCUMOCTH OT
TeMIepaTypbl. Pe3ynbTaThl 3THX OMBITOB PUBEICHBI B
Tabn.2, ¥, KaK BUJHO W3 JaHHOW TaOJNHIBI, C POCTOM

KOH/IeHcaT ""cyXuM" yTIeBOJOPOJHBIM T'a30M B IEJISIX
YBEJINYCHUS KOJIMYECTBA UCIIAPUBLIErocsi KOHICHCaTa
IpH  pasIMYHBIX —TemIeparypax. Kak mokasamn
WCCIIEIOBAHMs, IIOYTH BO BCEX PACCMOTPEHHBIX
TeMIieparypax  HaOJIOJAeTcsi POCT  IUIOTHOCTH

temnepatypel cogepxxkanue Cz - Cs+ B ocraTke  "noGwsiBaeMoro" KoujeHcara (p) Mo Mepe MOBBIIECHUS
CHIKAETCS. KOJIMYECTBA LIUKJIOB KOHTAKTOB, YTO CONPOBOXACTCS
Takum 00pa3oM, COCTaBbl CHUCTEM, YKa3aHHbIE B CHIKEHHEM KoujaeHcatocoaepxanus (C).
Tabll.2, TOpPUHATEI HAMH KaKk HaydalbHBIC IIPH
12 ~ 3
m 120 Q\
8
5 . 10 100
g <
)
= X 8
=
S
<:’ 8 6
33 0,
o o 55%
=l cymMMm. 24,5%
Q 4
L o
g =
E l\_.' cyl
3 2
=
0
0 1 2 3 4 5 6 7
KonuuecTBo (n), 3akauku

PucyHOK' 3. 3asucumocms xonuvecmsa ucnapuesiwecocs KoHOeHcama
onm Koauvecmea KOHmaxkmo

B 3aBucuMocTH OT TemmepaTypbl KOJIHNYECTBO
IIUKJIOB KOHTAKTOB HM3MEHSIETCS HPSMOJIMHEWHO, TIe
MOKa3aHO, 4YTO JBYKPaTHBI pOCT TeMIepaTypbl
HNPUBOAUT K JBYKPATHOMY CHIDKEHHIO KOJIMYECTBA
IIUKJIOB KOHTAKTOB ‘‘CyXOro” Ta3a C JKUIKUM
KoHmeHcaTroM. Ha pmc.3 mokazaHO W3MEHEHHE
KOJIN9eCTBA HCTIAPUBILIETOCS KOHJIeHCaTa B
3aBHCHMOCTH OT KOJHMYECTBA ITMKJIOB KOHTAKTOB HpHU
Pa3NIUYHBIX TEMIIEpaTypax.

HanoMHmM, 49TO 31€Ch pedb HAET TONBKO O
JIOTIOJTHUTENBHOM KOJIMYECTBE KOHJEHcaTa 3a CuHeT
BO3ACUCTBHSI HAa OCTaBLIYIOCA €ro 4acTb '"cyxum"
razoM 0pu MOCTOSHHOM JaBieHun 12 Mlla u
temneparypax 60, 80, 100, 120°C. Kak BugHo u3 puc.3,

BIMSHHE TEMIIEPAaTypbl Ha BEIUYMHY KOJHYECTBA
HCTIAPUBIIETOCS KOHJICHCATa (9¢) CHCTEMBI
cymecTBeHHoe. Tak, eciaM 3HAaYeHHWEe (x HpH
temneparype 60°C pasHo 19%, To npu Temmneparype
120°C 3nauenue (qx) mossImaercs 1o 25,4%.
HccnenoBanuch cBOMCTBA U COCTAaB OCTaBILEHCS B
O6omOe O KHMAKOCTH TIOCIE 3aBeplieHHs Ipolecca
Bo3zelcTBUS Ha Hee "cyxuMm" razom (tab6m.3). Kax
BHHO U3 TaOJIUIIBI, C POCTOM TEMIIEPATYPHI INIOTHOCTh
OCTaBIIEHCS JKUAKOCTH B OoMOe BoO3pacTaer, dTo
MOKa3bIBaeT Ha Oosee Tiy0oKoe M3MEHEHHE COCTaBa
KOHJIEHCAaTa B 3aBHCHMOCTH OT TeMiepaTypsl. U kak
CIIEZICTBHE, CKa3aHHOE NMPHUBOIHUT K POCTY KOJIUYECTBA
HCTIapUBIIErocs KOHAEHCAaTa C POCTOM TEMIIEPATYPBbI.
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Tabmmuna 3
H3meHnenne cBOiiCcTB "ocTaTKa' KOHAEHCATA B 3aBUCHMOCTH OT TeMIIepPaTyphI
CaoifcTBa "ocTaTka" Tewmepatypa, °C.

60 80 100 120

TII0THOCTS, Kr/M® 7835 789,3 790,9 7932

Mornekyspaast Macca 107.5 143 146 149
HccnenoBanock BIHsSHUE IIIOTHOCTH KOHJIEHCATa Jns  mosmydeHuss  HEOOXOTUMOW  BENIWYMHBI

Ha €ro ucmapsgeMocTs B MpHCYTCTBUH '"cyxux"
YIJIEBOJOPOJHBIX Ta30B. B CBSI3U C TPYyIOEMKOCTBIO
JKCIICPUMCHTOB, OHH MPOBOJAWIKNCH TOJBKO TMpPH
temneparype 100°C 6e3 1o6aBKH B CHCTEMY a30Ta WA
YIJICKUCIOro ra3a. B CBA3M ¢ TeM, YTO B YCJIOBHSIX
MECTOPOXKICHUS "Bymna-nern3" TUIOTHOCTH
KOHIEHcaTa, JI00BIBaeMOro u3 CKBaXmH  VII
TOPHU30HTA, U3MEHSIETCS B HEOONBIINX MIpe/esiaX, HaMu
TP U3MECHEHUH TUIOTHOCTH KOHICHCATA MCIOJIBb30BaH
Ooree TsDKeNbI KoHIeHcat u3 ckB.56 VIII ropusonra.

IUIOTHOCTH KOHJIEHCATa ero JJOOaBIIsIN B KOHACHCAT U3
ckB. 46. 3mech BoOmpoc O pa3IMuuM B (U3UKO-
XMMHUYECKUX CBOMCTBaxX KOHAEHCATOB ckBaxuH VII u
VIII ropu30HTOB HAMU BO BHUMAHUE HE NPUHUMAJICS,

TaK KaK [edb OKCIEPUMEHTOB 3aKiiodyalach B
Ka4eCTBEHHOM  M3YyYCHHH  BIWSHUS  IUIOTHOCTH
KOHJICHCAaTOB HAa  TMPOIECC  HCIApIEMOCTH B
MIPUCYTCTBUH ~ «CYXHUX»  YIJICBOJAOPOJHBIX  Ta30B.
PesynpraTel mccrmenoBaHMM  TOKa3aHBI B BHUJIE
3aBHCUMOCTH KOJIM4ecTBa HCIIApUBIIETOCs

KOHJICHCAaTa OT KOJHYECTBA KOHTAKTOB M IIOTHOCTH
KoHzieHcata (puc.4) .
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Pucynoxk 4. Hzmenenue xonuuecmea ucnapuguie20cs KOHoeHcama (qx)
U KOIU4ecmea KOHmaxkmos (1) @ 3agUCUMOCmU Om NIOMHOCMU KOHOeHCama

Kak BumHO M3 puc.4, 3aBUCHMOCTH KOJHYECTBA
WCTIApHUBINETOCS KOHAeHcaTta (qx) OT IUIOTHOCTH
KoH7IeHcaTa (px) B OOJIBIIIOM JWama3oHe TUIOTHOCTH
KOHJIeHcaTa OJIM3Ka K JIMHEWHOW, a B WHTEepBalle
wioTHocTel 740-755 kr/m® KpuBas WMeeT WH3rHO.
MoskHa 00pabaThIBAT STH TaHHBIC B BUIC 3aBUCHMOCTH
O« =f(px), HO MaTemaTHyeckasi CBsI3b HE SIBISICTCS
YHUBEPCAJIBHOM, TaK KaK MOKHO 0XKHUJIaTh HapylIeHHUE
JMHEHHOTO YyvyacTka MJaHHOM KpUBOH B o0mactu
IUIOTHOCTH KOHJIEHCcaTa, npeBbliatonei 8§10 Kr/MS, 13-
3a ero Iuioxod ucnapsemoctu. Kak BUIHO U3 puc.4,
KOJIMYECTBO HEOOXOIUMBIX KOHTaKTOB JUTSL
3aBEPIIEHUS] TpoIecca WCIMAPEHUs 3aBUCUT  OT
TUIOTHOCTH KOHJICHCATOB TMOYTH MPSIMOJIUHEIHO.

3akaouenue
DKCIIepUMEHTAIBEHO HCCIeN0BaH mporiecc
HUCIIApEHUST  PETPOrpajHOrO  KOHAEHcaTa  IIyTeM
BO3JICHCTBUSI HA HETO «CYXHM» YIJIEBOJOPOIHBIM
ra3oM C Y4YeTOM BIUSHHSA TEPMOJUHAMUYIECKOTO
YCIIOBHS - TEMIIEPAaTyphl, JAaBICHUSA, KOJIHYCCTBA
KOHTAKTOB M INIOTHOCTH KOHJIEHCATa.

[okazaHo, 94TO C pOCTOM TEMIEpaTyphl JaBICHUE
Hayaja KOHJEHCAIIMM CHHXKACTCSA, U DTO OKAa3bIBAECT
CYIICCTBEHHOE BIMSHAE HA HCIApPEHHE KOHICHCAaTa
«CYXHMY YTIIEBOJIOPOIHBIM Ta30M.

BBIHCHGHO, YTO 3aBUCHUMOCTH KOJIMYECCTBA TUKIIOB
KOHTAKTOB B03ﬂeﬁCTBHH HAa KOHIACHCAT ((CyXI/IM))
yFHeBO}IOpOIIHl)IM Tra30M OT TeMHepaTprI N3MCHICTCA
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00paTHO MPOMOPIHOHANBHO. JIpyrumMu  ClOBaMH,
JIBYKPaTHBIL ~POCT TEMIepaTypbl HPUBOIUT K
JIBYKPAaTHOMY CHI)KCHHUIO HEOOXOJMMOI0 KOJIHYECCTBA
LUUKIOB KOHTAaKTOB ‘“‘CyXoro” ra3a C JKUIKUM
KOHJICHCATOM.

Omnpenenena 3aBHCHMOCTH KOJIMIeCTBa
MCTIaPHUBILIETOCS KOH/EHCaTa  OT  IUIOTHOCTH
KOHIEHCAaTa, ¥ TII0Ka3aHO, 4YTO TPH OONBIIOI
mrotHOCTH (755-810 kr/M%) oHa 61M3Ka K TMHEHHOMH, a
npu Manoit mrotHoctH (740-755 kr/m%) KpHBas uMeeT
nmapaboNMIecKuil XapaKTep.
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CIOCOB OLIEHKY TOYHOCTH CJIEKEHUS KAKIOIO KOHIIEHTPATOPA
(TEJIMOCTATA) 3A COJTHIEM BOJIbIIIOM COJTHEYHOM NEYH
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PaccmoTtpeH cnioco0 OIeHKH BEJWYHHBI Ne(hyKOCHPOBKH Ka)XXIOTO KOHIIEHTpaTtopa (Telmocrara) mpu
pabote Bbonpmioil ColHEYHOH IMeyH, IMyTeM H3MEPEHHs TUalla30Ha OTKIOHEHHS OTPaXEHHOTO IIITHA Ha
napaboJIn4ecKoM 3epKaiie KoHleHTparopa. [Ipusenena popmyna pacuera nedykoCHpOBKH KOHIIEHTpATOpa

(remmocraTa) MO BEPTUKAIN U TOPU3OHTAIIH.
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Abstract

A method for estimating the defocusing value of each concentrator (heliostat) during operation of the Large
Solar Furnace by measuring the range of deviation of the reflected spot on the parabolic mirror of the concentrator
is considered. The formula for calculating the defocusing of a concentrator (heliostat) vertically and horizontally

is given.

KiroueBblie ciioBa: KoHIIEHTpaTOp; TEIMOCTAT; COTHEYHAS IIeYb; Ne(OKYCHPOBKA
Keywords: Concentrator; heliostat; solar furnace; defocus

Jns TOHWUMaHUS CYTH BOINpOCa PACCMOTPHM
KOHKPETHBI NpuMep- bBoibllylo COJHEYHyH Ieub,
pacrioyio)keHHyI0 B Y30ekucrtaHe B Onm3m Topona
TamkenTa. JlaHHBIH COJTHEYHBIH KOMIUIEKC SBIISIETCS
OHUM U3 KPYIHBIX HayYHO-HCCIIEIOBATEIBCKUX
LEHTPOB B MHUpE IO WU3YYEHHUIO CIIOCOOOB IOJIyYECHUS
HOBBIX MAaTepHajioB, a TAaK)Ke BIIMSHHUE Ha CBOICTBa

ConNHEYHAanA neYs
C PEOHEN MOWHOCTIA

[ L]

Mapafonuysckos Dokye

Ispkanc

MOTyYEHHBIX MAaTepHajioB IIPU OYEHb BBICOKHX
TeMIiepaTtypax. boiblmas conHeyHas MeYb OrPOMHOE
TEXHUIECKOE COOpYXCHHE, cocTosIee n3
KOHIIGHTpaTopa BBICOTOH 54 MeTpa U mupuHOH 47
METpPOB. U T'eTHOCTaTHOTO MOJIS, PACHOI0KEHHOIO Ha
MIPOTHBOIOJIOKHOM CKJIOHE TOphl BKJIIOYAIOLIETO B
ce0s 62 renmocrata. [1].

/7
ff

/7

MenvocTarkl (NOBOPOTHEIS 3EpKana)

Conueunan neys Mol ocTe 10 1 MBT

B ocHoBy npuHIHMIa paboTH 3aJ10KeHa uesi, Ipu
KOTOPOW COJIHEYHBIE JIy4H, MaJafollhe Ha 3epKaia

reJMOCTAaTOB,  PACIIONOXEHHBIX Ha 8  MmojiKax
NPOTHBOIIONIOKHOIO  CKJIOHA, HANpaBIIAIOTCS  Ha
KOHLIEHTPAaTOp -0ONBIIOE BOTHYTOE 3€pKano H

OTPaXKasiCh OT €ro MOBEPXHOCTH KOHUEHTPUPYIOTCS B
(dhokyce TexHomormueckoil Oammue. [Ipu onTuueckom
CICKEHUU JUIsl TPaBUIBHOTO IO3UIIMOHUPOBAHUSA
reJMocTaTa, nepes KaKJIbIM reJMOoCTaTOM HaxXOIUTCA
ONTHYECKUNA AATUUK. KOTOPBIM HENOABUKEH, U €ro
BEKTOD BCEr/la HANpaBJIeH B BBIACICHHYIO EMY Y4acTOK

KOHIeHTpaTopa. [Ipm mporpaMMHOM  cieXeHwe,
HarpaBJIeHHe JIBYDKCHHS reJIMoCTaTOM
OCYLIECTBIISIETCS.  MyTEeM  ONpEJACNeHHs  YIJIOB

MOBOPOTHBIX MEXaHU3MOB HCIONB3Yys MHpOrpaMMy
OTIpeNieNsronast YIiisl a3uMyTa H BBICOTHI CoJHIIa 110
2050 roga ¢ TOYHOCTBIO JIO HECKOJIBKHUX YTIJIOBBIX
MuHYT [2]. W wHOMBHIyandbHBIE XapaKTECPUCTHKH
KaXIOro TeInocTata - JIOMTEI  TOBOPOTHBIX
MEXaHU3MOB, HEBEPHKAIHHOCTh a3UMYTAJIBHOH OCH

BpalleHUst TejIuocTata M HETOPU30HTAIbHOCTh
3eHUTAIBLHON OCH BpAILCHUS TeJINOCTATA.

Kak wn3BecTHO, mpu paboTe COJIHEYHOH Medn
BCIeACTBHE BuauMoro aswxkeHuss ConHia, Bce
KOHIIEHTPATOPHI (TENHOCTaThl) JOJHKHBI OTCIIEKHBATH
9TO J[ABWXKEHHE M TOYHOCTh CIEKEHHS KaXIOoro
KOHIIEHTpaTopa (remmocrara) onpeIeNseT
3G PEKTUBHOCTh COJHEYHOW YCTaHOBKH. [Ipu 3TOM,
HapsAAy ¢ TOYHOCTHBIMU XapaKTEPUCTHKAMH TIaBHOTO
KOHIIEHTpATOpa MapadoINYecKoro 3epKajia, TOYHOCTh
CIIC)KEHHS SIBISETCS BAXKHBIM (DaKTOPOM, BIHSIOLINX
Ha KOHLEHTPALMIO COJHEYHOTO  M3IY4YCHUS -
n3MeHeHne o0naydeHHocTH B (okyce W cpenaHei
KOHLEHTpAallMM Ha IpuUeMHuKe. VHauBuayampHas
TOYHOCTb CIIEXKEHUS TeIHocTaTa XapaKTepu3yercs
YIIOM OTKJIOHEHHS OCEBBIX COJIHEYHBIX Jy4ded OT
ONITHYECKOM OCH KOHIIGHTPAaTopa WIH OT 33aJaHHOTO
HaTPaBJICHUS - YToJd Ae(POKyCHPOBKH (0-TI0 BEPTHUKAIN
u B-mo ropusoHTamM). JleoKycupoBKa NPHUBOAWUT K
CMENICHUI0O  KOHIIEHTPUPOBAaHHOTO  IATHA  Ha
MIpUEMHHUKE.
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Puc.2 YVenvr copuzonmanvhoii u 6epmukaibHOU 0e@oKyCUposKU 2enUoCmama.

YunuTeBass WHAWBHOYAIbHBIE XapaKTEPUCTHKH
Kaxmoro m3 62 TeIrocTaToB, a HMMEHHO JIO(THI
TTOBOPOTHBIX MEXaHU3MOB, HEBEPTUKAIBHOCTH
A3UMYTAIBEHOM OCH BPAIICHUS U HETOPU30HTPAITEHOCTh
3CHUTAILHOW OCH JTH JaHHBIE BBOAATCS B
MPOTPaMMHOE YIIPaBIICHWE Ka)KJIOTO TelmocraTta. B
MOCJICAYIONUM TpeOyeTcs yOemuTcss Ha CKOJBKO
JTAaHHBIC KOPPEKTHPOBKH BBEICHBI BEPHO U HA CKOJIBKO
yroii JeGOKyCHPOBKH TelIMOCTaTa HAXOIWTCA B
3a/IaHHBIX TapaMeTrpax 4 yria.MuH [3] U He BIUSEeT Ha
0011ue XapakTepUCTUKU COTHEYHOH TeUH.

Yron pedoKycHpOBKHM KaXkKOOTO TeIHocTaTta
MpeJyIaraeTcsi MPOBEPHUTH cieAyommM obpasom. B
MIPUHITUIIAX PAaOOTHl COTHEYHON IEYH 3aJI0KEHO UTO
OTpaXKEHHBII MOTOK COJIHEYHOTO MOTOKA MONAaJacT Ha
CTpOTo 0003HAYEHHOE MECTO Ha KOHIICHTPATOpe, 4TO
rapaHTHPYEeT KOHIEHTPAIMIO 3TOrO MOTOKa B (OKyce
TEXHOJIOTMYeCcKo OamHu. W He 3aBUCUMO OT
TPAGKTOPUU BUAMMOrO JIB)KEHMS COJIHIIA JaHHOE
MATHO Ha MapaboIMYecKOM 3epKajie KOHIICHTPATopa He
JIOJDKHO CMEIIAThCs, a €CIU M CMEIIAeTCs, TO B TeX

hi
ho

npenenax, KOTOpble HE  BBIXOJAT 33  PaMKHU
JOIYCTUMBIX YTJIOB 1e()OKYCHPOBKH.
[ L
pr po
Puc.3 Omxnonenue ompasicennoz2o namua eenuocmama Ha KOHYEeHmpamope.
CKJIOHMB B IIaXMaTHOM MOpSJKE TeHOCTAThl, K  TATHAa, TEM  CaMBIM  PAacCUYHWTBIBaEM  YIJIBI

OCHOBaHHIO KOHIIGHTPATOPa, UCKIIFOYAETCsl OTPAKEHNE
COJTHEYHOTO TIOTOKa Ha KOHIIEHTPAToOpe OT 3THX
TeTnocTaToM. BTopas ske 9acTh reImoCcTaToB HaunHAeT
paboTaTh B IITATHOM PEXHME CICKEHUS 332 BHIUMBIM
JBIDKEHHEM COJHLA M TEMI CaMbIM Ha 3epKaie
KOHILIEHTPaTOpa OTPa)KaeTcsd ISATHO OT IelINOCTaTa, C
MOMOIIBIO KaMephl (PUKCHpYETCsl 3TO OTpakeHue. B
TEUEHHE COTHEYHOTO JTHS BO3MOXKHO 3apUKCUPOBATH U
ouudpoBaTh BEIMYMHY OTKJIOHEHHS COJIHEYHOI'O

Ne(hOKYCHPOBKHU KaXkI0TO KOHKPETHOTO T'eIN0CTAaTa 110
(opmyue;

) (Ah)
a = arcsin )

rae o - yroa JaedOKyCHpPOBKM TeIHOocTaTa To
BepTUKaIH, Ah - BeTMUnHA OTKIOHEHUS OTPAKEHHOTO
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SITHA 10 BEPTUKAIH KOTOPOE 3a(h)UKCHPOBaa KaMepa,
L - paccrosiHUe OT resinocTaTa 70 KOHIIEHTPATopa,

. As
B = arcsin (T)

B - yrom nedoKyCHpOBKH TeIHOCTaTa IO
TOPU30HTAIH, AS-BEJINUNHA OTKIIOHEHHS] OTPAXKEHHOTO
ISITHA 110 TOPU3OHTAH, L-paccTosiHue OT resmocTarta
JI0 KOHIIEHTparTopa.

C TOMOIIBIO MA2HHOTO METOJa IPOU3BOAUTCS
OIlCHKa VYTJIOB JAe(OKYCHPOBKH pabOTBI KaIOTo
TeIrocTaTa B TEUCHUH BCETO AHS, 8 UMEHHO B TEUCHUH
BCEr0 BHJIMMOTO IBIDKCHHS COJIHIA. J[aHHBIM MeTon
MO3BOJISIET TPOBECTH TMONHYI0 OLEHKY paboTHI
reJIocTaTa He 3aBUCHMO OT €TI0 CIOCc00a ynpaBleHUs

—Oynp  TO  NpPOrpaMMHBIH,  ONTHYECKHH

KOMOMHHUPOBaHHBIH.

niun
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ENVIRONMENT CO & CO2 EMISSIONS PROPOSED REDUCING MEASURES
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The Diesel Engines (ICE) exhaust gas atmosphere noxious emissions reducing measures were introduced by

the different editions and engine manufacturer publications already 25 years ago. Many of that have used up to
present depend of its installation, usage and maintenance costs. For the mentioned above 25 years of emissions
decreasing ways practical using on the vessels has identified it further usage consistency and profitability
(efficiency). The atmosphere SOx noxious emissions proposed decreasing way is directly connected with using
fuel oil, i.e. at the fuel oil sulphur content decreasing the SOx emission has decreasing too, that is task not for ship
owners, but for petroleum-refining manufactures and bunkering companies. CO and CO, emissions decreasing is
a corner task, as a fuel oil quality and lower calorific value are identified by the carbon & hydrogen content. Thus
the fuel oil carbon and hydrogen content decreasing will bring to the decreasing of a quality and lower calorific
value. Therefore all of this 25 years for the vessels diesel engines (ICE) exhaust gases CO & CO; emissions
decreasing the energy efficiency task is stated. Our proposed way can allow to resolve the CO & CO; emissions

decreasing task for the engines operation parts of loads and nominal loads.
Keywords: ICE (Diesel Engines) exhaust gas noxious emissions, carbon oxides, fuel oil Lower Calorific

Value, emissions decreasing way, engine heat balance.

Introduction

The main reason of fuel oil incomplete
combustion and exhaust gases toxicity increase, even at
significant excess air ratio is bad mixture formation.

The fuel oil mixture failure is typical for the
engine transient operating modes, specifically for ME
running—in mode. Trial test data is showing that with
engine load increasing a main constituent harmful
substances concentration are listed above decreasing in
exhaust gases. It is proved that with engine load
increasing a carbon oxide concentration decreasing,
afterwards it gets the stable condition before a certain
limit value of mean effective pressure, but at
overloading is slightly increases again. The nitrogen
oxides concentration is continue to decreasing at mean
effective pressure greater values.

Thereby, the exhaust gases minor toxicity is
typical for full load mode. The engine operation

experience shows that big amount of harmful
substances escapes at engine starting, specially when it
is not sufficiently warmed—up. But it is impossible go
without starting, reverse and operation with low load.
Thereby, environment contamination is inescapably
during the operation with these modes, but it is possible
to reduce the operation duration with these modes.
1. ATMOSPHERE SOx EMISSIONS
REDUCING MEASURES

Using the ULSMGO - Ultra Low Sulphure
Marine Gasoil with sulphure content:

- < 0.5% for worldwide application.

- < 0,1% for application in SECA areas
(Sulphure Special Emission Control Areas).

Using dual—fuel engines, therefore it is required:

- Purchasing or designing and production a
modern dual—fuel engines.
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- Development and designing the gas fuel
storage, transfer and supply to Diesel Engines systems.

- Development and designing the gas fuel
storage, transfer and bunkering coast and float
facilities.

2. ATMOSPHERE CO & CO: EMISSIONS

REDUCING MEASURES

Using the engines with the highest efficiency.

— As far as possible with increased fuel injection
timing.

— Using the engines with loads are closed to
NCR = 85%MCR.

— The engine turbocharging modification for
scavenging air excess supply at the engine operation
under parts of load (forcing by scavenging air).

— Using the manufacturer original spare parts,
influencing to the engine cylinders combustion process.

— To monitor on regular bases for the engine
adjustment, which to be comply to manufacturer
adjustment.

=>Npnp =k - Ppyp -

a) Heightening the power by the cylinder
diameter increasing — D. The way have used around 50
years, that is bring to the largest diameter is 90cm for
the engines MAN-B&W & SULZER and as a result to
the engine weight increasing. Further cylinder diameter
increasing has been not profitable.

b) Heightening the power by the piston stroke
increasing — S. The way have used around 40 years, that
is bring into generation the long stroke and super long
stroke engines models such as LMC & SMC type of the
MAN-B&W & SULZER manufacturer, and to the
engine weight increasing too. Further piston stroke
increasing has been not profitable.

c) Heightening the power by the engine speed
increasing — n. The way is not logical for SSE & MSE
(Slow speed engines & Medium speed engines).

d) Heightening the power by the cylinders
number increasing — i. The way have used till the
particular time, and bring to the engine weight
increasing too. Further cylinders number increasing has
been not profitable.

e) All above listed ways are possible to relate to
energy efficiency increasing, as well as to increasing
the engine indicated power, because of at constant
mean—indicated pressure (a fuel oil constant
consuption) it has increased an indicated power.
Heightening the power by the mean—indicated pressure
Pinp increasing can not relate to the energy efficiency
increasing due to reason as follow. The mean—indicated
pressure Pip increasing can be achieved by the
indicator diagram area increasing via building-up a
maximum combustion pressure or via injection length
and cylinder’s fuel oil combustion duration
prolongation (via fuel oil cycle dosage and
consumption raising). And that and other ways are not
unlimited: by the maximum combustion pressure — due

n-i=1745-D*-S - Pyp - m -

3.USING THE ENGINES WITH THE
HIGHEST EFFICIENCY.

The given way can be proposed as idea, which can
be proved only by the Diesel Engine preliminary heat
calculation and its engine TC heat balance calculation,
as well as touches one of listed above items such as —
The engine turbocharging modification for scavenging
air excess supply at the engine operation under parts of
load (forcing by scavenging air).

1) Heightening the Diesel Engines efficiency by
variation the values are influencing to the engine
power:

Npnp =k - Ppyp - n - 1 (IP)

where: k = 1,745 - D? - S - m — cylinder constant
)

D — cylinder diameter (mtr);

S — piston stroke (mtr);

m — engine stroke factor (4—stroke m = 2, 2—stroke
m=1);

Pino — mean — indicated pressure (kg/cm?);

n — engine speed (rpm);

i — number of cylinders (-).

n - i(IP)

to cylinder head and cylinder liner strength limitations,
by the fuel oil injection length — due to exhaust gas
temperatures increasing, i.e. due to exhaust gases heat
loss, if not changing the valve timing and therefore the
engine efficiency can remains as invarianted.

f) Will approach to the engine energy efficiency
and efficiency factor increasing from another side —
will try to reduce the fuel oil injection length and
cylinder’s fuel oil combustion process duration (to
reduce the fuel oil cycle dosage and consumption) at
constant mean—indicated pressure. Have achieved some
positive results in this question solution, we will
reached at the same time a reducing the emissions COg,
CO u NOx to the atmosphere due to fuel oil
consumption reducing for the same power
achievement. This way already 20 years ago has got its
development via engine forcing by scavenging air
pressure, have builded—up it from 1.8 bar to 2.9+3 bar.
It is clear, as much air as possible take part in the fuel
oil combustion, as more perfect the fuel oil combustion,
then less the exhaust gases heat losses, then more a heat
is go for effective power, more the combustion
velocity, and therefore less the combustion duration
(less exhaust gas temperature). Continue our proposal
about scavenging air charge ratio build—up and the
results follows from it in example of preliminary
theoretical conclusions without Diesel Engines heat
calculation and presented engine TC heat balance
calculation.

2) Idea of scavenging air ratio increasing.

To examine the scavenging air ratio increasing
idea in example of engine HYUNDAI MAN-B&W
6S50MC (MCR 11640 BHP & MS 127 RPM). The
presented ME indicator diagram and indication main
variables summary table are taken during the operation
have introduced on the figure 1.
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a) Engine speed: 116,3 rpm =
(maximum speed);

b) Engine indicated power: 10103 IP = 7431
IKW = 86,8% MCR;

c) Cylinders compression pressures:

PCOMl = 105,42 bar; PCOMZ = 104,39 bar; PCOM3 =
102,65 bar;

PCOM4 = 103,29 bar; Pc0M5 = 102,94 bar; PCOM6 =
103 bar; Pcom”Y = 103,62 bar;

d) Cylinders maximum combustion pressures:

PMAxl = 124,27 bar; PMAXZ = 121,91 bar; PM/.\x3 =
120,21 bar;

91,58% MS

n, _ PEOM+Pavs _ 103,62+ 1,017

PMAX4 = 120,81 bar; PMAX5 = 122,99 bar; PMAx6 =
118,2 bar; Pmax?¥ = 121,4 bar;

e) Scavenging air pressure: Psc = 2,01 bar;

f) Fuel ignition timing: iy = 2° after TDC;

g) Shall visualize the engine forcing by a charge
air and then variables changing on the given operating
mode: therefore a cylinders compression pressures
average value has reached a maximum combustion
pressures average value PcomREC = Puax®V = 121,4 bar
(figure 2(b)):

— a required scavenging air pressure for
estimated compression pressure achievement PcomRE¢
=121,4 bar:

= =34,567889 (- ) - absolute pressures ratio

Psc + Panp 2,01 +1,017

PREC 4 p 121,4+ 1,017
pREC _ _COM _~ AMB = >  _1017=2,52 (6ap) -
SC e AMB ™34 567889 ’ 2 (Gap)

recommended scavenging air pressure for the ME forcing

i.e. for compression pressure achievement from
existing Pcom®¥ = 103,62 bar up to recommended
Pcom®EC = 121,4 bar, it is necessary to raise the
scavenging air pressure at presented mode from
Psc = 2,01 bar up to PscRE€ = 2,5 bar.

h) Will change the fuel oil injection timing, in
order that ignition timing was not 2° after TDC, but
significantly late on the expansion line for achievement
the maximum combustion pressure with the same value
as compression pressure PmaxREC = PcomREC = 121,4
bar (figure 2(b));
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AENRER

teasuring Diagrams T Statistics T
Engine type: 6S50MC  Stroke: D
Cylinder Count: & Swept Volume [emi]: 375021 -’

ANERER

Lenght of Con.rod [mm]: 2170 Half stroke [mm]:

bore [mm]: 500 Compressionroom [cmi]: 21447

T before cooler 1 [°C]: 177 T after Cooler 1 [°'C]:

P after cooler 1 [bar]: 201 Blowerrevs [rpm]: 11000

T after blower 1 [°C] 2586

Cylinder n [rpm] pmax [bar] pi[bar] Power [kW] Rack Set [mm] | T.exhaust ['C]
1. 27.0212 13:54 1168 124,27 19,34 141145 64,0 3395
2. 27.0212 13:58 1169 121,91 17,15 1253,04 65,0 3308
3. 27.0212 14:00 116,1 120,21 16,30 1182,65 65,0 348,1
4. 27.0212 14:03 1164 120,82 17,52 127476 65,5 3395
5. 27.0212 14107 1156 122,99 16,04 1 159,06 63,0 3258
6. 27.0212 14:10 1163 118,20 15,82 114982 63,0 3376
01163 0121,40 017,03 % 70430,79 064,25 0 336,88

Figure 1 — actual indicator diagram and indication data
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T Statistics T Table
plbar] _
14U - J T _+
angle = 0,00
120 Col: 1. 10542 bar
Cyl: 2 104,39 bar
Cyl: 3 10265 bar
0 M Cyl: &  103.29 bar
Cyl: 5 102,94 bar
100 Cyl: & 103,00 bar
N
90 -
\
an - I \
70 I \‘
AR
50 -
/ . \
40 - / \\ \\
30~ / /
20 - //
10- 7 ‘/
— '//j////l////
0--
A0 -
I -180 -150 -120 -30 -B0 -30 TCC 30 Eil 30 120 150 180
Figure 2(a) — actual indicator diagram; (b) — estimated indicator diagram
i) At the engine forcing by a scavenging air in — indicated diagram area is specified the mean—
that aspect that we proposes, it is possible to expect the  indicated pressure depends on combustion gases
effects as follows: quantity is consist of supplied fuel oil quantity and

scavenging air quantity is involving in fuel oil mixture
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formation and mixture
Gco = Gro + Gsca,

— we can assume, that for the engine is operating
by the external propeller line (at locked Fuel Rack), at
increasing the involving in fuel oil mixture formation
and mixture combustion scavenging air quantity and
constant combustion gases quantity (constant indicator
diagram area and mean-indicated pressure), a fuel oil
consumption will reduced;

— from the above saying we will beg to make
conclusion, that at the scavenging air quantity rise and

combustion per cycle:

Ninp =LCVigq -

where: LCVro — lower calorific value;

Gro — fuel oil consumption (flow);

Qexn — exhaust gases heat (energy) losses;

Qcw — cooling water heat (energy) losses;

QLo — lubricating oil heat (energy) losses.

Conclusion: At the exhaust gas temperature
reduction, and thereafter an exhaust gases energy (heat)
losses too Qexw, for keeping the condition Nynp = const,
to reduce the fuel oil consumption Ggo it is required.

j) At the engine forcing by a scavenging air, in
that aspect that we proposes, it is possible to expect,
that the engine cylinder’s air admission factor before
closing the scavenging air ports will rised. In that case
also can propose the latest opening of exhaust valve,
ipso facto have increased the piston stroke efficiency,
and the earliest closing of exhaust valve, ipso facto
have increased compression ratio, have constructively
changed exhaust valve driving cam profile.

3) Initial actions for stated idea approval:

a) Diesel Engines preliminary theoretical heat
calculation and presented engine TC heat balance
calculation;

b) Without any additional expenses to test the
engine operation with already known manufacturer
shop trial test results (to prove the stated idea) during
its forcing by scavenging air on the repetitive test bed,
have created for selected load the proposed scavenging
air constant pressure in scavenging air receiver by any
external source, for example from starting air bottles
via reducing valve;

c) After expected positive result to calculate an
estimated scavenging air constant pressures, has
created by the same external source in the scavenging
air receiver and estimated VIT racks for parts of load
sequence and to carry out the trial tests for selected
sequence;

d) Inall likelihood VIT system to be operated by
inverse proportionality dependence of the load, i.e. VIT
index decreasing at the load increasing, in contrast to
classical dependence — VIT index increasing at the load
increasing from 0 up to 75%, and its further decreasing
at the loads more then 75%.

e) To test the engine operation with already
known manufacturer shop trial test results (to prove the
stated idea) during its forcing by scavenging air on the
repetitive test bed, have created by any external source
(for example from starting air bottles via reducing
valve) the proposed scavenging air constant pressure in
scavenging air receiver equal to scavenging air pressure

fuel oil quantity reduction are involving in mixture
formation and mixture combustion and at constant
combustion gases quantity (constant indicator diagram
area and mean—indicated pressure), a combustion
efficiency increases, exhaust gas temperature comes
down, and that and other has bring to reduction of CO»,
CO & NOx emissions to atmosphere. A prove of the
above saying is indicated power equation at the engine
constant load condition:

Gro = Qpxy = Qew — Qi = const

at MCR (100% of load) and keep it pressure at all parts
of loads. In that case at any part of load scavenging air
pressure, thereafter cylinders compression pressures
and maximum combustion pressures will be constant,
but the engine load will be changed by changing the
fuel oil injection end, thereafter by changing the fuel
injection length (due to constant fuel injection timing),
by changing the fuel oil cycle dosage and consumption.
Assumed that the VIT system will be not required for
this particular case. How to operate the engine at this
particular expected measure:

— to develop the highest capacity TC for
achievement the proposed scavenging air constant
pressure in scavenging air receiver equal to scavenging
air pressure at MCR (100% of load), i.e. to 2.75 bar for
this particular engine (for our presented engine
6S50MC) and to install it on engine;

— to fabricate the engine TC air inlet filter easy
moved flap and keep it closed for all parts of load till
NCR (85% of MCRY);

— to change the fuel oil injection timing from
12.59 before TDC to 12.5° after TDC (for our presented
engine 6S50MC);

— to set the VIT system rack to «0» in constant
bases;

— to create by any external source (for example
from starting air bottles via reducing valve) the
proposed scavenging air constant pressure in
scavenging air receiver equal to scavenging air pressure
at MCR (100% of load), i.e. to 2.75 bar (for our
presented engine 6S50MC);

— to start, reverse, maneuver and run-up the
engine till the NCR (85% of MCR) with closed TC air
inlet filter flap (for avoid the TC heavy surging) and
created scavenging air constant pressure is 2.75 bar in
scavenging air manifold;

— at the engine reaching a NCR (85% of MCR)
to reduce the created scavenging air pressure in
scavenging air manifold down to value is less then
pressure at NCR (from manufacturer shop trial test
results) by reducing valve (for avoid the TC heavy
surging) and to open the TC air inlet filter flap;

— atthe last to close the reducing valve totally.

Conclusions:

Have submitted to your attention CO and CO;
emissions reducing measure is required theoretically
calculated and experimental confirmations. Last can be
carry out at availability of Diesel Engine laboratory —
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mini ER or by association with Diesel Engines
manufacturer.
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Introduction

Currently on the worldwide fleet motor—vessels
and shore diesel power plants for internal combustion
engines—diesel engines indication and performance
data measurement readings carrying—out the micro-
processing gauging and systems, such as Doctor—
Engine, Diesel-Doctor and Electronic indicators
(different kind of brands and manufacturers) are used
in most of cases. However, actually they are not
carrying—out the functions of the engines technical
condition (cylinder tightness, fuel injection equipment
condition and turbocharger system condition)
diagnostic and analysis, overload/download analysis
and load distribution between the cylinders analysis,
but they are electronic gauges for compression
pressures Pcom, maximum combustion pressures Pmax
measurement by open indicator diagrams (Fig.1) and
closed indicator diagrams (Fig.2) for each cylinder and
for engine speed measurement at each cylinder
indication. All others values are required for the engine
technical condition diagnostic and analysis has
determined by calculation from indicator diagrams or
entered manually to the electronic equipment tables.

Examine the engine indication results from
Electronic  indicator type HLV-2005 MK
(Praezisionsmesstechnik Beawert GMBH, Germany):

1) The values are calculated from the indicator
diagrams:

—  Cylinders indicator diagrams area Ap (mm?);

— Cylinders mean—indicated pressure Pm "
(bar) (Fif.3);

— Cylinders mean—effective pressure Pmet""
(bar);

— Cylinders indicated power Ninp®™t (IKW)
(Fif.3);

—  Cylinders effective power NegeeCYh (EKW);

— Engine average mean—indicated pressure
PwENG (bar) (F|g3),

— Engine average mean—effective pressure
PmeENG (bar);

— Engine indicated power NinofNC (IKW)
(Fif.3);

— Engine effective power NereEN¢ (EKW);

— Engine mechanical efficiency nmec (%).

2) The values are entered manually to the
electronic equipment tables (Fig.3):

— Scavenging air temperature after turbocharger
or before scavenging air cooler TscB¢ (°C);

— Scavenging air temperature after scavenging
air cooler Tsc”° (°C);

— Scavenging air pressure after scavenging air
cooler Psc”C (bar);
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Exhaust gas temperature after turbocharger
TEXHATC (Oc);

Turbocharger speed nrc (rpm);

Cylinders exhaust gas temperatures Texn®""

(°C);

— Cylinders fuel rack position FRP (fuel pump
index FPI) (mm);

Note: However, the mentioned above values are
not enough for the engine technical condition full
diagnostic and analysis (cylinder tightness, fuel
injection equipment condition and turbocharger system
condition).

In completion of indication data entering to the PC
without TDC correction the engine average mean-—
indicated pressure & indicated power calculation can
give tolerance up to +10%, while the same values
calculation from indicator diagrams are taken by
mechanical indicator with usage of computerized
technology gives tolerance up to +0.5% only.

The engine average mean-indicated pressure and
indicated power calculation tolerance up to +10% is not
satisfactory for the engine technical condition (cylinder
tightness, fuel injection equipment condition and
turbocharger system condition) diagnostic and analysis,
overload/download analysis and load distribution
between the cylinders analysis.

Thereby we suggest the engine (4—stroke engine)
indicated power accurate calculation procedure,

afterwards it is possible a TDC accurate correction for
each cylinder, and then a cylinders mean-indicated
pressure Py ©Y%, cylinders indicated power Ninp®'t &
engine average mean—indicated pressure Py EN¢ same
accurate calculation within tolerance +0.5%.

Work object

The high accuracy obtaining in the indicator
diagram treatment and as results high accuracy in the
cylinder power calculation, determination of load
distribution between cylinders and cylinders/engine
condition diagnostic & analysis without engine
dismantling.

Ways of investigation

Investigations has carried out on the vessel's and
shore engines (with effective power from 300 EKW up
to 6600 EKW) with different kind of micro—processing
gauging and systems (Doctor—Engine, Diesel-Doctor
and Electronic indicator) & with mechanical indicators.

Investigation results and discussion about

1. The indicator diagrams TDC correction and
each cylinder/total engine output data calculation after
the 4-stroke Generator Engine MAN-B&W type
6L.23/30 indication by Electronic indicator type HLV—
2005 MK.

1) The Generator Engine performance data some
measurement readings are taken at each cylinder
indication and its average values calculation (table 1):

Table 1
CYLINDER No. 1 2 3 4 5 6 [
FW TEMPERATURE C 72 73 73 73 74 745 | AVERAG 733
TEMPERATURE C IN 70,5
EG TEMPERATURE C 320 353 342 350 380 337 AVERAG 347
FUEL PUMP INDEX mm 20,5 21,5 19,5 19 20 20 AVERAG 20,1
COSINUS PHY (-) 0,66 0,66 0,66 0,66 0,66 0,66 AVERAG 0,664
FREQUENCY Hz 60 60,1 60 60 60 59,8 | AVERAG 59,98
CURRENT A 1040 1030 1030 1030 1025 1025 | AVERAG 1030
VOLTAGE Vv 440 443 442 440 438 438 AVERAG 440,17
ACTIVE POWER kw 528 512 522 524 524 517 AVERAG 52172

2) The generator calculated active load by the
average values of voltage V, amperage A and power

p_Ym- V- A-cosp V3 -440.17 - 1030 - 0.664

factor cosp measurement readings at each cylinder
indication from the table 1:

= 521.17KW

1000

where: m = 3 — NOs of phases.

3) The generator active load by the Kkilo-
wattmeter measurement readings at each cylinder
indication from the table 1:

Q=P - tg(arccos(cosp) =521.17

5) The generator calculated total load by the
average values of voltage V, amperage A and
measurement readings at each cylinder indication:

_Vm VA V344017 - 1030

1000

P=521.17 KW

4) The generator calculated reactive load by the
average values of active load P and power factor cos@
measurement readings at each cylinder indication:

- tg(arccos(0.664)) = 587.39 KVAr

= 785.26 KVA

1000

1000
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g S=P Q= V521,172 + 587.39% = 785.26 KVA

6) The Generator Engine measurement readings
data are taken from the shop trial test results (table 2):

Table 2

Alternator frequency F Hz by observation 60 60 60 60 60
Alternator current | A by observation 1323,26 | 1204,1 | 903,72 | 599.8 [ 29252
Alternator voltage U V by observation 450 450 450 450 450
Alternator active load P KW by observation 825,1 750,8 563,56 374 182,4
Alternator reactive load Q KVAr Q=P -tgo 618,825 | 563,1 | 422,625 280,50 | 136,8
Alternator total load S KVA |s=m®-U-1/10° | 1031,38 | 938,503 | 704,38 | 467,50 | 228,0
Alternator total load S KVA S = (P? + 0})°° 1031,38 [ 938,5 | 704,375| 467,50 | 228,0
Alternator power factor COSQ - by observation 0,8 0,8 0,8 0,8 0,8
Engine indicated power NinD IKW by indication results| 887,2 809,2 614,2 419,2 2242
Alternator total load factor Fati IKW Fart =Nppo /S 0,86021 | 0,86223 | 0,87198 | 0,89668 | 0,98333

7) Draw the diagram of alternator total load results table and found its dependence function by the
factor dependence of total load from shop trial test trend line (Diagram 1):

Diagram 1
The alternator total load factor F,1. dependence of total load S diagram
0,99

Far.=5,551340-10%-8%1,871722-10°-S%+2,403963:10°%-S%-1,432312-103-S+1,205615 1

0,98 N

0,97

V4

0,96

7

0,95

0,94

>

Py

0,93

p

0,92

0,91 ™

0,9

Alternator total load factor - Far,

77
J
J

0,89

0,88 r

i
iy

0,87

0,86

200 300 400 500 600 700 800 900 1000 1100
Alternator total load - S (KVA)

8) The alternator calculated total load factor by
the function is founded from the diagram 1:

Fap = 5.551340 - 1073 S*- 1.871722 - 107+ S3+2.403963 - 107%- S>- 1.432312- 107>+ S+
+1.205615 = 5.551340 - 10713+ 785.26*- 1.871722 - 107°- 785.26° +
+2.403963 - 107°- 785.26°- 1.432312 - 107+ 785.26 + 1.205615 = 0.868

9) The engine calculated indicated power by the
engine & alternator performance data results:

10) Enter the engine indication and performance  we have seen from the Fig.3 the engine indicated power
data to the PC (Fig.1, Fig.2, Fig3): is 719.02 IKW instead of calculated in item 9 — 681.6

Conclusion: As we have seen from the Fig.1 and  IKW, that is become 5.5% tolerance, which is not
Fig.2 the engine all cylinders indicator diagrams acceptable for the engine technical condition diagnostic
compression lines are in different position (arrow 1), and analyses. We have to correct the engine cylinders
that is what can not be for the same designed cylinders.  TDC totally.
They are should be in one line, that is can be adjusted 11) The engine cylinders TDC angles (Fig.1) in
by cylinders TDC correction individually (arrow 2). As  degreases of crank angle CA:
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Cylinder 1 TDC = 0 © CA; Cylinder2 TDC =1°
CA,; Cylinder 3 TDC =1 ° CA;

Cylinder 4 TDC =0 © CA; Cylinder 5 TDC =0°
CA,; Cylinder 6 TDC =2 © CA;

12) Correct the engine cylinders TDC first of all
individually for making the diagrams compression lines
in one line (arrow 1), then totally for making the engine
indicated power same as calculated in item 9 (arrow 2),
(Fig.4, Fig.5, Fig6):

Cylinder 1 TDC = 2 © CA; Cylinder 2 TDC =2°
CA; Cylinder 3 TDC = 1 ° CA;

Cylinder 4 TDC = 1 © CA; Cylinder 5 TDC =2°
CA,; Cylinder 6 TDC =2 © CA;

Conclusion: As we have seen from the Fig.4 and
Fig.5 the engine all cylinders indicator diagrams
compression lines are in one line (arrow 1) after TDC
correction (arrow 2), that is what to be for the same
designed cylinders. As we have seen from the Fig.6 the

engine indicated power is 674.06 IKW and almost the
same with calculated in item 9 — 681.6 IKW, that is
become — 1.1% tolerance, which is perfect for the
engine technical condition diagnostic and analyses.

13) The Generator Engine mechanical
pressure from shop trial test results:

loss

neng = 720 rpm — Py = 0.68 bar

14) The  Generator mean—effective

pressure calculation;

Engine

PME :PMI - PMEC =15.69 - 0.68 =15.01 bar

where: Pwi = 15.69 bar — from the engine
performance data results table (Fig.6);
Pmec = 0.68 bar — from item 13).
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Figure 1. Cylinder open indicator diagrams before TDC correction
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Figure 2. Cylinder closed indicator diagrams before TDC correction
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Meazuring Diagrams T Stalistics T

Engine type: BL2330 Stroke: 4 ) =
Cylinder Count: 5 Swept Volume [emi]: 11928 ;'"_"_I i
Lenght of Con.rod [mm]: B00  Half stroke [mm]: 150 i
bore [mm]: 225 Compression room [cmi]: 760 i
T before cooler 1 [°'C]: 153 T after Cooler 1 [°C]: 335 i
P after cooler 1 [bar]: 1079 Blower revs [rpm]: 42460 S
T after blower 1 ['C] 395

Cylinder n [rpm] pmax [bar] pi [bar] Power [kW] Rack Set [mm] | T.exhaust [°C]

1. 09.07.12 14:40 7205 108,66 18,22 130,51 205 320,0

2. 090712 14:42 7208 106,08 16,78 120,20 215 353,0

3. 090712 14:43 720,7 104,58 15,19 108,79 195 3420

4. 090712 14:44 720,3 106,85 16,36 117,11 19,0 350,0

5. 09.07.12 14:45 7209 104,70 18,18 130,28 20,0 380,0

6. 09.07.12 14:47 7189 104,87 15,69 112,13 20,0 337,0

07204 0 105,96 016,74 X 719,02 0 20,08 0 347,00

Figure 3. Cylinders indication & performance data results table before TDC correction
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Figure 4. Cylinder open indicator diagrams after TDC correction
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Figure 5. Cylinder closed indicator diagrams after TDC correction
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teazuring Diagrams T Stalistics T Table
Engine type: 6L23 30 Stroke: 4 D %
Cylinder Count: & Swept Volume [cmi]: 11928 ;'ll_"_l i
Lenght of Con.rod [mm]: G600 Half stroke [mm]: 150 i
bore [mm]: 225 Compression room [emi]: 760 i
T before cooler 1 [°C]: 153 T after Cooler 1 [°C]: 335 i
P after cooler 1 [bar]: 1079 Blowerrevs [rpm]: 42460 .
T after blower 1 [°C] 395
Cylinder n [rpm] pmax [bar] pi [bar] Power [kKW] Rack Set [mm] | T.exhaust [°C]

1. 09.07.12 14:40 7205 108,66 16,11 11541 205 3200

2. 090712 14:42 7208 106,08 15,73 112,68 215 3530

3. 09.07.12 14:43 720,7 104,58 15,19 108,79 19,5 3420

4. 090712 14:44 720,3 106,85 15,31 109,60 19,0 350,0

5. 09.07.12 14:45 7209 104,70 16,11 115,46 20,0 380,0

6. 09.07.12 14:47 7189 104,87 15,69 112,13 20,0 337,0

07204 0 10596 015,69 I 674,06 020,08 0 347,00

Figure 6. Cylinders indication & performance data results table after TDC correction

15) The Generator Engine effective power
calculation:

Ngpp =k - Pyg - - i = 0.0099357 - 15.01 - 719.8 - 6 = 644.1 EKW

where: k=1.3084 - D? - S - m=1.3084 - 0.225% -
0.3 - 0.5 =0.0099357 — cylinder constant;

D =0.225 mtr — cylinder diameter;

S = 0.3 mtr — piston stroke;

m = 1 — stroke factor (for 4—strike engine m = 0.5;
for 2—stroke engine m = 1).

Conclusion

As we have seen from mentioned above
information for Diesel Generators indicator diagrams
TDC correction the generator unit (alternator) electric
performance data measurement readings to be taken,
recorded & output data are effected to the TDC
correction to be calculated.
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The present publication illuminate the tasks as follows: Electronic indicator proper usage at four—stroke
internal combustion engines (diesel engines) indication; Indication results & diagram proper transfer to PC;
indicator diagram top dead center TDC correction and engine performance data output values such as Pyi—mean
indicated pressure, Pme—mean effective pressure, Ninp—indicated power and Nerr—effective power proper

calculations for each cylinder and engine total.

Keywords: Engine indication, performance data, electronic indicator, mean—indicated & mean—effective

pressure, indicated & effective power.

Introduction

Currently on the worldwide fleet motor—vessels
and shore diesel power plants for internal combustion
engines—diesel engines indication and performance
data measurement readings carrying—out the micro—
processing gauging and systems, such as Doctor—
Engine, Diesel-Doctor and Electronic indicators
(different kind of brands and manufacturers) are used
in most of cases. However, actually they are not
carrying—out the functions of the engines technical
condition (cylinder tightness, fuel injection equipment
condition and turbocharger system condition)
diagnostic and analysis, overload/download analysis
and load distribution between the cylinders analysis,
but they are electronic gauges for compression
pressures Pcom, maximum combustion pressures Pmax
measurement by open indicator diagrams (Fig.1) and
closed indicator diagrams for each cylinder and for
engine speed measurement at each cylinder indication.
All others values are required for the engine technical
condition diagnostic and analysis has determined by
calculation from indicator diagrams or entered
manually to the electronic equipment tables.

Examine the engine indication results from
Electronic  indicator type HLV-2005 MK
(Praezisionsmesstechnik Beawert GMBH, Germany):

3) The values are calculated from the indicator
diagrams:

—  Cylinders indicator diagrams area Ap (mm?2);

— Cylinders mean—indicated pressure Pm "t
(bar) (Fif.2);

— Cylinders mean—effective pressure PmeCY-
(bar);

— Cylinders indicated power Nip®Y- (IKW)
(Fif.2);

—  Cylinders effective power NereCY- (EKW);

— Engine average mean-indicated pressure
PwmiENC (bar) (Fig.2);

— Engine average mean—effective pressure
PmeENC (bar);

— Engine indicated power NinoENC (IKW)
(Fif.2);

— Engine effective power NereENG (EKW);

— Engine mechanical efficiency nmec (%).

4) The values are entered manually to the
electronic equipment tables (Fig.2):

— Scavenging air temperature after turbocharger
or before scavenging air cooler TscB¢ (°C);

— Scavenging air temperature after scavenging
air cooler Tsc”¢ (°C);

— Scavenging air pressure after scavenging air
cooler Psc”° (bar);

— Exhaust gas temperature after turbocharger
TEXHATC (Oc),

— Turbocharger speed ntc (rpm);

— Cylinders exhaust gas temperatures Texy'"
(°C);

— Cylinders fuel rack position FRP (fuel pump
index FPI) (mm);

Note: However, the mentioned above values are
not enough for the engine technical condition full
diagnostic and analysis (cylinder tightness, fuel
injection equipment condition and turbocharger system
condition).

In completion of indication data entering to the PC
without TDC correction the engine average mean—
indicated pressure & indicated power calculation can
give tolerance up to +10%, while the same values
calculation from indicator diagrams are taken by
mechanical indicator with usage of computerized
technology gives tolerance up to +0.5% only.

The engine average mean—indicated pressure and
indicated power calculation tolerance up to +10% is not
satisfactory for the engine technical condition (cylinder
tightness, fuel injection equipment condition and
turbocharger system condition) diagnostic and analysis,
overload/download analysis and load distribution
between the cylinders analysis.

Thereby we suggest the engine (2—stroke engine)
indicated power accurate calculation procedure,
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afterwards it is possible a TDC accurate correction for
each cylinder, and then a cylinders mean-indicated
pressure Py ©Yt, cylinders indicated power Ninp©Yt &
engine average mean-indicated pressure Py N same
accurate calculation within tolerance +0.5%.

Work object

The high accuracy obtaining in the indicator
diagram treatment and as results high accuracy in the
cylinder power calculation, determination of load
distribution between cylinders and cylinders/engine
condition diagnostic & analysis without engine
dismantling.

Ways of investigation

Investigations has carried out on the vessel's (with
effective power from 736 EKW up to 11900 EKW)
with different kind of micro—processing gauging and
systems  (Doctor-Engine,  Diesel-Doctor  and
Electronic indicator) & with mechanical indicators.

Investigation results and discussion about

1. The indicator diagrams TDC correction and
each cylinder/total engine output data calculation after
the 2-stroke Diesel Propulsion Engine MAN-B&W
type 6S50MC-MKk indication by Electronic indicator
type HLV-2005 MK.

1) The Diesel Propulsion Engine performance
data some measurement readings are taken during the
indication (table 1):

Table 1
Engine indication start Ths hrs by observation 13
Engine indication start Tums min by observation 45
Engine indication stop The hrs by observation 14
Engine indication stop Tme min by observation 42
Engine indication period Tinp min Tino = (The — Thg) - 60 + Tye — Tus 57
Eng.revolution counter at start Rcs  [revoluton by observation 20344122
Eng.revolution counter at stop Rce  [revoluton by observation 20344788
Engine speed Neng rpm Neng = (Ree — Res) “ 10/ Tino 116,80
Engine FO flowmeter at start Qros Itrs by observation 1711963
Engine FO flowmeter at stop Qroe Itrs by observation 1713290
Engine FO consumption Qro Itrs / hr Qro = (Qroe — Qros) 60/ Tnp 1396,762
FO temperature inlet flowmete| Tgo oc by observation 130,3
FO specific gravity @ 15 °C Peo kg / Itr from FO bunker specification sertificate 0,9672
FO expansion factor Keo | kg/ltr.°C Keg = 0,00183224 — 0,00131724 - peg 0,00056
FO specific gravity at flowmet! p.o' | kg/ltr Peo’ = Peo = Keg * (Teg — 15) 0,9028
FO sulfur content S % from FO bunker specification sertificate 1,86
FO lower calorific value LCV | LCV | kcal /kg|[ LCV =12900— 7095 - S /100 — 3162 - peg 9710
Engine FO consumption Gro kg / hr Geo = Qo “ Peg 1261,051
Engine average fuel rack posit| FRP mm by observation 64,3
Turbocharger speed N+c rpm by observation 11000
Scavenging air pressure Psc kg / cm? by observation 2,08
Air temperature air filter inlet TinL Sc by observation 38,4
Scav.air temp.air cooler inlet | T..*¢ °c by observation 177
Scav.air temp.air cooler outlet [ T..A¢ °c by observation 41,8
Scav.air temp.in scav.air maniff Tgc °c by observation 42,5
Exhaust gas temp.turbine inlet| Tz,,° ©| °C by observation 393
Exhaust gas temp.turbine outle] T, | °C by observation 263
FW temp.scav.air cooler inlet TFWBC Sc by observation 30,5
FW temp.scav.air cooler outlet] Tg,°C °c by observation 44
Air cooler termoefficiency Ny oc N = (Tec T = Ts™0) - 100/ (T = Ty o0) 92,29
Atmospheric pressure Parm | kq! cm? by observation 1,037

2) The Diesel Propulsion Engine ambient
(reference) conditions and FO data from shop trial test
results (table 2):
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Table 2

Engine Room temperature Ter °c from shop trial test results 23,9
Atmospheric pressure Parv | kg /cm? from shop trial test results 1,035
SW temp.scav.air cooler inlet | Tg,%° °c from shop trial test results 18,1
FO temperature inlet flowmete| T..>" °c from shop trial test results 34,3
FO specific gravity @ 15°C | psr™ | kg/ltr from shop trial test results 0,9136
FO expansion factor Keo™' [ kalltr.C Keo>" = 0,00183224 — 0,00131724 - por™ 0,000629
FO specific gravity at flowmet! po,' | kg/ltr Pt = psr = Kego ! (Teg' = 15) 0,9015
FO sulfur content Ssr % from shop trial test results 0,26
FO lower calorific value LCV | LCVsr | keal / kg| LCVgr = 12900 — 7095 - Sqr /100 — 3162 - per> | 9993

3) The Diesel Propulsion Engine FO
consumption Gro correction to the shop trial test
reference conditions:

Gpo =
Gro - LCV 1261051 - 9710 12253 ke /b
LCVer 9993 s e el
4) Draw the diagram of the engine indicated 5) The engine calculated indicated power by the

power dependence of FO consumption from shop trial ~ function is founded from the diagram 1:
test results table and found its dependence function by
the trend line (Diagram 1):

Npp' =—8.379938 - 107 - Gpo® + 1.881655 - 107 - Gpo® + 6.772031 - Gpo + 355.0778 =
=—8.379938 - 107 - 1225.3% + 1.881655 - 107 - 1225.3% + 6.772031 - 1225.3 +
+355.0778 = 9937 IHP

6) The Diesel Propulsion Engine turbocharger
speed Nrc correction to the shop trial test reference

conditions:
(273 + Tiny) (273 +38.4)
Ny ST = C == = 11000 - [————<2 =112
e’ =Nre / Q3 T 100 1535 66 rpm

7) Draw the diagram of the engine indicated 8) The engine calculated indicated power by the
power dependence of turbocharger speed from shop  function is founded from the diagram by item 7):
trial test results table and found its dependence function
by the trend line (in the same way as Diagram 1):

Nip? = — 141411647 - 1072 - NST* 4 5.25309184-10% - NST '~ 62157409 - 10 - NST;” +
+3.79006967 - NST 1 - 5945.706 =
= 141411647 - 1072 - 11266* + 5.25309184-10% - 11266> - 6.2157409 - 10 - 11266> +
+3.79006967 - 11266 — 5945.706 = 10195 THP

The Diesel Propulsion Engine multiply FRP - ngnc
correction to the shop trial test reference conditions:

FRP - npng - LCV - ppo” _64.3-116.8-9710-0.9028

ST " MENG LCVgr - pst” 9993 - 0.9015

=7303 mm - rpm

9) Draw the diagram of the engine indicated 10) The engine calculated indicated power by the
power dependence of multiply FRPsr - neng from shop  function is founded from the diagram by item 10):
trial test results table and found its dependence function
by the trend line (in the same way as Diagram 1):
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Ninp® = 248249632 - 10712 - (FRPgy - npng)*- 6.76738036 - 10 - (FRPgp - npng)? +
+6.18921346 - 10™ - (FRPs7 - npng)2- 0.769905624 - (FRPgp - Npng)+2042.11999 =
=2.48249632 - 10712 - 7303*- 6.76738036 - 10" - 73033+ 6.18921346 - 10" - 73032
—0.769905624 - 7303 +2042.11999 = 10132 IHP

11) The Diesel Propulsion Engine scavenging air
pressure correction to the shop trial test reference
conditions:

PscST=Pg+0.002856 - (Tin.— Ter) - (Parn*Psc)-0.00222 - (Ti ® - Tow®®) - (Paru*Psc) =
= 2.08 +0.002856 - (38.4-23.9) - (1.037 + 2.08)-0.00222 - (30.5- 18.1) - (1.037 + 2.08) =
=2.123 kg / cm?

12) Draw the diagram of the engine indicated
power dependence of scavenging air pressure from
shop trial test results table and found its dependence

Ninp* = 44.4567458 - PST,.

function by the trend line (in the same way as Diagram
1):

13) The engine calculated indicated power by the
function is founded from the diagram by item 13):

~527.060152 - PSTy.? +5032.75628 - PSTgc + 1441.75234 =

= 444567458 - 2.123% —527.060152 - 2.123% + 5032.75628 - 2.123 + 1441.75234 =
=10177 IHP

14) The engine average
calculated by the indirect values:

indicated power is

Ninp' +Ninp HNinp HNipp? 9937+10195+10132+10177

=10110 IHP =

N =
IND 4

4

=7436 IKW

15) Enter the engine indication and performance
data to the PC (Fig.1, Fig.2):

Conclusion: As we have seen from the Fig.1 the
engine all cylinders indicator diagrams compression
lines are in different position (arrow 1), that is what can
not be for the same designed cylinders. They are should
be in one line, that is can be adjusted by cylinders TDC
correction individually (arrow 2). As we have seen
from the Fig.2 the engine indicated power is 6464 IKW
instead of calculated in item 15 — 7436 IKW, that is
become 13.1% tolerance, which is not acceptable for
the engine technical condition diagnostic and analyses.
We have to correct the engine cylinders TDC totally.

16) The engine cylinders TDC angles (Fig.1) in
degreases of crank angle CA:

Cylinder 1 TDC = — 1.5 © CA; Cylinder 2
TDC =-1.59CA; Cylinder 3TDC = -2.5° CA;

Cylinder 4 TDC = — 2 © CA; Cylinder 5
TDC =-2509 CA; Cylinder 6 TDC = -4 ° CA;

17) Correct the engine cylinders TDC first of all
individually for making the diagrams compression lines
in one line (arrow 1), then totally for making the engine
indicated power same as calculated in item 15 (arrow
2), (Fig.3, Fig.4):

Cylinder 1 TDC = - 4 © CA; Cylinder 2
TDC =-3.5° CA; Cylinder 3 TDC = -4 ° CA;

Cylinder 4 TDC = — 4 © CA; Cylinder 5
TDC =-4° CA; Cylinder 6 TDC = -5.5° CA;

Conclusion: As we have seen from the Fig.3 the
engine all cylinders indicator diagrams compression
lines are in one line (arrow 1) after TDC correction
(arrow 2), that is what to be for the same designed
cylinders. As we have seen from the Fig.4 the engine
indicated power is 7431 IKW and almost the same with
calculated in item 15 — 7436 IKW, that is become —
0.007% tolerance, which is perfect for the engine
technical condition diagnostic and analyses.
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Diagram 1
Engine indicated power dependence of FO consumption diagram

Ninp = - 8,379938107-Gpo’ + 1,881655:107-Gpo? + 6,772031-Gpg + 355,0778 V4
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Measuring Diagrams T Statistics T Table
plhal _
150 - 3 T
autom. TDC-Corr.
angle = 0.00°
120 - | Result of the actual TDC-carection. —
Please fill in your manual data by / Cyl: 1: 10746 bar
clicking the rezpective cylinder Cyl: 2 105,98 bar
7 Cyls 3 10363 bar
no- =~ w Gyl 4 10471 bar
? Cyl: 5 103.73 bar
- Cyl: B 103,96 bar
100 - 1.
A5
Cylinder3 = 2,5°
0 f (Cylinder4 = 2,0°
Cylinder5 = 2,5°
Cylinder6 = 4,0°
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&0 -
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50 - ! \&
40 - j \
30 - /F
20 - /
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Fi?;ure 1. Cylinders open indicator diagrams before TDC correction

file engines loaddata basic settings help

= | Enginediagnosticsystem - Initial ME-26.05.12.eng

Meazuring Diagrams T Statistics T Table
Engine type: BS50MC Stroke: 2 Ci
Cylinder Count: £ Swept Volume [cmil: 375021 ;'"_"_I
Lenght of Con.rod [mm]: 2170 Half stroke [mm]: 955
bore [mm]: 500 Compression room [emi]: 21447
T before cooler 1 [°C]: 177 T after Cooler 1 [°C]: 418
P after cooler 1 [bar]: 2,01 Blower revs [rpm]: 11000
T after blower 1 [°C] 2586
Cylinder n [rpm] pmax [bar] pi [bar] Power [kW] Rack Set [mm] | T.exhaust ['C]
1. 27.0212 13:54 1168 124,27 16,22 118383 64,0 3395
2. 270212 13:58 1169 121,91 14,73 1075,76 65,0 3308
3. 27.0212 14:00 116,1 120,21 14,52 1053,50 65,0 3481
4. 270212 14:03 116.4 120,82 15,11 1099,90 655 3395
5. 271.0212 14:.07 1156 122,99 14,26 1030,10 63,0 3258
6. 27.0212 14:10 118,3 118,20 14,06 102141 63,0 3376
01163 012140 014382 % 60464, 51 064,25 0 336,88

Figure 2. Cylinders indication & performance data results table before TDC correction
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Measuring Diagrams T Stalistics T T able
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F-igure 3. Cylinders open indicator diagrams after TDC correction

= | Enginediagnosticsystem - ME-26.05.12.eng,

Fle engines load data  basic settings  help

teazuring Diagrams T Statiztics T
Engine type: 5S50MC  Stroke: 2 D =
Cylinder Count: 6 Swept Volume [cmi]: 375021 ;'"_"_l i
Lenght of Con.rod [mm]: 2170 Half stroke [mm]: 955 i
bore [mm]: 500 Compressionroom[cmi]: 21447 i
T before cooler 1 [°C]: 177 T after Cooler 1 [°C]: 41,8 i
P after cooler 1 [bar]: 201 Blower revs [rpm]: 11000 —]
T after blower 1 [°C] 2586
Cylinder n [rpm] pmax [bar] pi [bar] Power [k'\W] Rack Set [mm] | T.exhaust ["'C]
1. 27.02.12 13:54 116,8 124,27 19,34 141145 64,0 339,5
2. 270212 13:58 116,9 12191 17,15 125304 65,0 330,8
3. 27.0212 14:00 116,1 120,21 16,30 118265 65,0 3481
4. 27.0212 14:03 116,4 120,82 17,52 127476 655 3395
5. 27.0212 14:07 115,6 122,99 16,04 1159,06 63,0 3258
6. 27.0212 14:10 116,3 118,20 15,82 114982 63,0 337,86
01163 0 121,40 017,03 X 70430,79 064,25 0 336,88
Figure 4. Cylinders indication & performance data results table after TDC correction
18) The Diesel Propulsion Engine mechanical loss a) ME Turning Gear technical data from

pressure calculation:

instruction manual (Table 3):
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Table 3

Turning gear electromotor amperage |ELM A from turning gear technical data 4,9
Turning gear electromotor voltage yEM \% from turning gear technical data 440
Turning gear electromotor phases Nos m - from turning gear technical data 3
Turning gear electromotor active load pELM HP from turning gear technical data 3
Turning gear electromotor total load gEM HP  [sP"M=13506 . m®° - UF*M - *M/10° | 5,077
Turning gear electromotor power factor | cose=-"" - cos=M = pEM j gEHM 0,59088
Turning gear electromotor frequency FELM Hz from turning gear technical data 60
Turning gear electromotor pole's pairsNg P - from turning gear technical data 3
Turning gear electromotor speed ntM rpm n"M =60 . FF™M/p 1200
Turning gear electromotor speed ntM rpm from turning gear technical data 1155
Turning gear speed n'® rpm from turning gear technical data 1,04
Turning gear angular velocity ®'° 1/sec ®°=m-n"°/30 0,10891
Turning gear output shaft torque M™© | N-mtr from turning gear technical data 15696
Turning gear output shaft power N'® HP N™®=1.359-M"-®»'°/1000 2,32414
Turning gear mechanical loss power Nyec © | HP Nyec © = Pey— N 0,67586
Turning gear mechanical efficiency Nuec - Nye ©=N"°/p=M 0,7747

b) ME mechanical loss pressure calculation by
the turning gear operation data at ME opened indicator
cocks (Table 4):

Table 4

Turning gear electromotor amperage I A by observation 2,75
Turning gear electromotor voltage U \Y by observation 446
Turning gear electromotor active load P HP | P=1.3596 -m"® U -1-cosg/10° 1,707
Turning gear output shaft power N HP N=P— Ny © 1,031
ME turning time for 1 rev.by turning gear t sec by observation 298
ME speed by turning gear nMEe rpm n"E=60/t 0,20134
ME mechanical loss pressure Puec'” | kg / cm? Puec= N/ (K - nVE i) 1,024
ME mechanical loss pressure Pyec 't | bar Py R = Pyec/ 1.0197 1,004

or trial test results table and found its dependence function

c) Draw the diagram of the engine mechanical by the trend line (Diagram 2):
loss pressure dependence of the engine speed from shop d) The engine calculated mechanical loss

pressure by the function is founded from the diagram 2:

Pyre = 1.15598 - 107 - npyg? = 1.96628 - 107 - npyg + 1.13493 =
=1.15598 - 107 - 116.8% - 1.96628 - 107 - 116.8 + 1.13493 = 1.063 kg / cm?® =
=1.0425 bar

19) The Diesel Propulsion Engine mean—
effective pressure calculation:

where: Pwi = 17.03 bar — from the engine 20) The Diesel Propulsion Engine effective power
performance data results table (Fig.4); calculation:

Pmec = 1.0425 bar — from item 19), sub—item d) or
1.004 bar from table 4.

Nipp =k - Py -1 - i = 0.624761 - 15.9875 - 116.8 - 6 = 7000 EKW
where: k = 1.3084 - D? - S - m = 1.3084 - 0.52 - S = 1.91 mtr — piston stroke;

1.91 - 1=0.624761 — cylinder constant; m = 1 - stroke factor (4-strike engine
D = 0.5 mtr — cylinder diameter; m = 2, 2-stroke engine m = 1).
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Diagram 2
Enaine mechanical loss pressure dependence of enaine speed
1,08
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Conclusion V.I. Korolev, A.G. Taranin, Unattended machine

As we have seen from mentioned above
information for Diesel Propulsion Engines indicator
diagrams TDC correction the ME indirect values
measurement readings to be taken, recorded & output
data have effected to the TDC correction to be
calculated.
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AHHOTALUA

PaCCManI/IBaeTCSI 3aJa4a OINTUMAJBHOI'O YIHOpaBJICHHUA C (1)8.30BLIMI/I OrpaHUYCHUAMHU, COACPIKaIasa
YIPABISOIIUE TApAMETPhl KaK B IIPABBIX 4aCTAX YIPABISAEMOM CHUCTEMBI, TAK U B HAYAJIBHBIX YCIOBUsX. i
peuicHus 3TOM  CJIOKHOM 3aJa4yu  Opeaiaracrcd CHaydajla peaAykKnus K - 3alad€ MaTeMaTH4CCKOTO
NPOTPaMMHUPOBAHUsS, @ 3aT€M JUIsl [OUCKA ONTHMAIBHBIX 3HAYEHUH MapaMeTpoB M YNPaBISAIONMX (QYHKIMH -
NMPUMEHEHUE MHOTOMETOAHOI'0 ajiropuT™Ma, COCTOAMICTO M3 MCTOJAOB JIMHEApu3alvuu, METOJa MNPHUBCIACHHOTO
rpagucHTa U ME€TOJla CIIPOCKTUPOBAHHOT'O JIaIrpaHXHaHa.

Abstract

An optimal control problem with phase constraints is considered, which contains control parameters both in
the right-hand sides of the controlled system and in the initial conditions. To solve this complex problem, it is
proposed first to reduce to a mathematical programming problem, and then to find the optimal parameter values
and control functions, we use a multi-method algorithm consisting of linearization methods, the reduced gradient

method, and the designed Lagrangian method.

KiroueBble cjI0Ba: 4YHCICHHEBIC MCTOMbI; 3aJa4a OINTUMAJIBHOI'O YIIPABJICHUA C MDapaMeTpaMu; METON
MPUBEJICHHOTIO TpagneHTa; MouduiupoBanHas GyHkuus Jlarpanxka; MHOTOMETO/IHAsI ONTHMH3ALHSL.
Key words: numerical methods; optimal control problem with parameters; reduced gradient method;

modified Lagrange function; multi-method optimization.

1. BBEJIEHUE

I[Ipu mnocTtpoeHuM MareMaTU4ecKol MOJENIn
CJIOXHOI'0 JIMHAMUYECKOT0 Ipolecca, a TaKxkKe Mpu
CO3JJaHUHM CHCTEM C JKEJIaeMBIMH CBOMCTBAMH H
MOBEJICHUEM HEpenKo HCIOJIb3YETCS
NapaMeTpUuecKUil CHHTE3 yNpaBiIeHUs B BHIE
(GYyHKIMA  W3BECTHOH  CTPYKTYpHI OT  (Pa30BBIX
KOOpAMHAT, HO C HEHU3BECTHBIMU 3HAYEHUSIMHU
napameTpoB. Torga mpobiema CHHTE3a YIpaBIICHHUS
CBOJAUTCA K 3ajJadye ONTUMHU3AIMU [polecca C
napametpamu [1,2].

B wumxeHepHOW mpakTUKe U3-3a OOJBIION
TPYAOEMKOCTH pPAacue€TOB Ha TMOJHOM MOJAENUu WU
TPYJIHOCTEH, CBSI3AHHBIX C €€  TEeXHHUYECKOM
peanu3anueii, 9acTo BOZHUKACT MPOoOieMa MOHUKCHUS
MOpsJIKa CUCTEMBl, OMNMCHIBAIOLIEH JAUHAMUYECKUN
MIPOILIECC, C COXPAHEHUWEM NOBEACHUS HEKOTOPBIX
MIEPEMEHHBIX COCTOSHUS. DTa Mpo0JIeMa TakK e, Kak U
psAA APYTHX mpoOiieM u3 00JIacTH MOJCIHPOBAHUS U
uACHTH(DHUKAITNY TUHAMUYECKHUX TPOIECCOB, CBOJIUTCS
K 3ajJja4ye ONTUMU3alUK MapaMeTpoB. B gaHHOM craTthe
paccMarpuBaeTcs 3ajjaya ONTUMAJILHOTO YIIpaBJIeHUs,
KOTJla B MpaBble YacCTHU CUCTEMbI BXOASAT HE TOJBKO
mapaMmeTpel, HO H yHpaBisdiomme QyHKIUW, a
HayallbHbIE YCJIOBHUSl CUCTEMBI TaKXe 3aBUCSIT OT
MapaMeTpoB, BEIOOPOM KOTOPBIX 0OECIIEYHBACTCS
ONTHUMAajbHas CTapTOBas TOYKa I TPAcKTOPHUHU.
3ameTuM, 4YTO Takas 3aJaya HEpPeAKO BO3HUKAET B

JUHAMUKE  TI0JIeTa  JIeTaTelIbHBIX  aIllapaToB.
Hanpumep, Hamumume B OGOpPTOBOM  KOMIIBIOTEpPE
HEMWIOTHPYEMOT0 KOCMHYECKOro ammaparta bypax
MIPOTrpaMMbl BBIOOpa ONTUMAaJIbHONW HayaJlbHON TOYKH
Hapsily C aIrOpUTMaMH pacueTa ONTHMAaJbHON
TPACKTOPUH TIOCAIKH O00ECIEeUYHIO €My YCIICIIHOE
TOYHOE  TpH3EMJICHHE. 3aJadyd  ONTHMAJIBHOTO
yIOpaBIEHUs ¢ IMapaMeTpaMy B HadalbHBIX YCIOBHUIX
BO3HHKAIOT  TaKkXke TIpH  pacuere  Hauboiee
3G QEKTUBHBIX MAaHEBPOB, OOECIIECUMBAIONIMX 3aILUTY
3a7Hel norycdepsl caMoiieTa OT PakeT Kiacca «BO3AyX
— Bo3ayx» [3,4]. Ilpu mnpoexTupoBaHHMH camoJjeTa
maroro moxoseHust CY-57 — mupoBoro nmumepa Mo
MaHEBpPEHHOCTH - ObLIa pelieHa menas cepus 3ajgady
tTakoro Ttuma B wmoHorpadusax [5-6], mnpuBeneHb!
pe3yIbTaThl 6outbIIOro qHca YHCIIEHHBIX
9KCIIEPUMEHTOB, BBINIOJIHEHHBIX 10 MHOTOMETOIHBIM
QITOpPUTMaM Ul JIpYTMX TPAKTHYECKHX 3a/1ad M3

obnacTu SHEPTEeTHUKH, MPOEKTHPOBAHUS
pPOOOTOTEXHUYECKUX  CHUCTEM M KOCMHUYECKHUX
ammaparos.

2. IOCTAHOBKA 3471491
OIITUMAJIPHOI'O VIIPABJIEHUA C
THAPAMETPAMH

PaccMoTpuM 3a1ady ONTUMAIBHOTO YIPABICHUS
c (a3oBBIMH OTpaHMYEHHSIMH, KOTJa IpaBas dYacTb
CHCTEMBI 3aBHCUT HE TOJIBKO OT YNPaBJIEHHH, HO U OT
apaMeTpoB.
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Ilycte 3agan  ympaBisieMblil  mpouecc ¢
YOPaBIAOMUMY MapaMeTpaMU KaK B MPaBbIX YacTsIX
TaK ¥ B Ha4aJbHBIX YCIOBUSIX

x = fl,u,w,t),x(t) € EMu(t) € E",t €T = [ty t;],

x(ty) = 0(v),w € R?,v € R" (2.1)
C TCPMHUHAJIBHBIMHU YCIIOBUSAMUA

;(w) = hi(x(t) = 0,i = L,m, (22)
u (l)aSOBLIMI/I OTpaHUYCHUAMU

Ji(u,v) = g;(x(t),t) =0,t € T,i = 1,5. (2.3)

praBJ’IeHI/Ie 1 mapaMeTpbl CTECHCHBI CJICAYIOINMU OTPAHUYCHUAMMU:

¢(u,t)=0,teT,i=1,1, (2.4)

ut(t) <u(t) <ub(t),t €T, (2.5)

vy < v wt < w S wh, (2.6)

rme  ¢;(u,t), i=11 —  HenpepbBHO TpeOyercst cpexm ymnpaBieHHI W IapaMeTpoB,
muddepeHIIpyeMble T0 U ¥ KyCOYHO-HENpephiBHEIe ~ YAOBJICTBOPAIOMNX OTPaHHICHUSAIM (2.4)~(2.6), naiitn
mo t ¢ymkmma;  O(v)  —  HempepeiBHO — TAKHE, KOTOPBIC 00CCTICUMBAIOT BBIMOJTHCHHUE YCIOBHI

muddepenunpyemas Bektop-¢yHKIus. OTHOCHTEIBEHO (2.3) ansa ynpapmsemoro mpouecca (2.1) i mpUBOAAT
dyHkumil, ompenemsommx  yeaosus  (2.1)—(2.3),  €ro B TOUKy ($a30BOro NpoCTPaHCTBA, IAE C 3aaHHOI
CIIPaBeUTUBHI TIPE/IMOI0KEHHUS, OTOBOPCHHBIE paHee, Kk 1OTHOCTBIO OyIyT BBINONHEHBI ycaoBus (2.2), a
KOTOPBIM  [TOOABISIETCS TakXKe WX HEMpepbIBHAS yHKIHOHAT

muddepeHInpyeMoCTb M0 ITapaMeTpam.

Io(w) = ¢p(x(t1)) 2.7)

JIOCTUTHET HAUMEHBIIIETO 3HAUYEHUS.
Jl1g mocTpoeHus annpoKCUMUPYIOIIEH 3a1aul Ha
3aJaHHOM UHTEpBAJIE T BBOJUTCS ceTKa

JUCKPETHU3aLUHU C y3JIaMH ), tl, . tN TaKUMU, YTO
to=t’<tl<--<tV=t,. (2.8)
Ota ceTKa MOXXeT ObITh U HEpaBHOMEPHOH. UCIIOJIb3YETCS 00 KyCOYHO-IIOCTOSIHHAsI

Vrpapnsiomue dyakuun u(t), i = 1,7, uuryTes  AlIPOKCHMALHs
Tompk0 B y3max (2.8), a 1 TOJMy4YeHHUs

. i LR — (1)) — 2y J o4+l
NPOMEXYTOUHBIX  3HaueHmid  u'(t), i=1,r, W@ =uw' @) =, tet), 7],
160 KYyCOYHO-JTMHEHHAsT
; It u 4 (et )u; o
ul(t) — [( )uj ( )u1+1],t € [t],t]+1]. (29)

Gy

Torna KOHEYHOMEpHast 3ajaya,
annpokcuMupyomas 3agady (2.1)—2.7), Oyner umersb
CIIEAYIOIIHM BUA:

x = fl,uwt),t €T = [t t,],x(t,) = O(v),

hi(x(V)) =0,i =1,m,

O,N,

gilx(®), ) =0,i=T1,5,j
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ci(u,tV)=0,i= 1,1,j=0,N, (2.10)
v < v < v, wi <w < wk,
¢(x(t”)) - min, W' < <up,j= 0,N,
rae
u = ut(t)), w=u*(t)), j=0N
3amMeTuM, YTO B aNIpPOKCHMHUpYIOMIEH 3amade 3. YUCJIEHHOE PEIIEFHUE
(2.10) ympaBnsemsbrii  mpomecc (2.1) ocraercs  AIIIIPOCUMHPYVIOIEN 34/JA49U
HEMPephIBHBIM, a B IPOIIECCE cueTa OH ¢ Tpedyemoi 3.1. Juneapuzauyusn ozpanuueHui.
TOYHOCTBIO (IOCTATOYHO BEICOKOW) Mozenupyercsi Pacuem fAkobuana.
YHCJIEHHBIM METOJIOM HUHTEIPHUPOBAHHUSI.
I'panuentsr pynkimonanos [;(u), j = 0,m, ¢ nomousio GyHKImit HI (1/)j,x, u, t) == 1/)]’- O fCe,u,t) m

CONPSIKEHHOM CUCTEMBI

¥ = —f(,u, 0P ), ¥;(t) = _¢;(x(t1))

TPaIMLHOHHO ONPECISAIOTCS 10 HopMyIam:

VI,w) = —Hl (P x,ut),j =0,m.

Jns kaxoro t € T MOXKHO aHAIOTMYHO BBIYMCIUTH TpagueHTs J;(u, t), j = 1,s:

VI(ut) = —I-_Il{(dy,x,u, t,r), ty<t<t<t,

rae I:Ij(d)j, x,u,t, T) = d>jf(t, Df(x,u,1), ¥i(t,1),j = 15— PELICHUSI COTIPSKEHHON CUCTEMBI

09;(t,7) - _ af (x,u,t)

at ox

C KpaceBbIMHU YCJIOBUSAMU

Jluneapuzyem OTpaHUYeHUs B
anmpoKCUMUpYIOMIeH  3amade.  MaTpura-skoonan
JMHEAPU30BAHHBIX OTPAHWYCHUN COCTAaBIICTCS U3

rpaguentoB VI, i =1,m, u V];(t), j = 1,s, teT.

_agi(x(®)

D;(t, 1), T € [ty t]

o v J=1,s.

Tak Kak mpaBbIC YaCTH U HAYAJIBHBIC YCIOBUSI CUCTEMBI
(2.1) 3aBucHAT emie ¥ OT MApaMeTPOB, TO HEOOXOUMO

UMETh TaK)Xe IrpaJiueHTsl GyHKIHMoHanoB I, i = 1,m,
u/i(t),j =1,s,t €T, 0o >TumM napameTpam:

Vvli(uk'wk'vk) = _lpi(to)’@v(vk))i =1m,

v, I; (uk, wk,vk) = —

rae Y, (t) — perreHus CONpsHKEHHON CHCTEMBI,

, j
Bui G, wh vk, ) = — [ (0, Ok uk, wh, e,

v, J;(uk, wk, vk t)) = —d,(t,) 0(w*),i =1,5,j =1,N.

ITycTb Teneppb Ha K-i UTepaluy BHEITHETO METO 1A
Ha cerke (2.8)  maiimeno uf(t)) wu emy
cootBercTBytomee x*(t/), j = 1,N.

Jis pacdera rpaJueHTOB MO ympasieHuo V,1;,

i = 1,m, cucrema (2.10) m pa3 unrerpupyercs ot t;

S i) i G, uk, wh, D), (2.11)

(2.12)

(2.13)

10 ty ¢ pa3HBIMH HadalbHBIMH ycioBusMH. [lomyTHO
BBIYHMCIISIOTCST TpagueHTsl (2.11) ¢ ucronb3oBaHrEeM
KBaJpaTypHBIX (HOPMYJ U pacyeTa HHTETPaIoB.
Jlanee umtytcs rpaguenTsl GyHKIMoHanos J;(t/),
j= 1,_N, i = E J1st 9TOr0 Hy»XHO S pa3 peLuTb
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3agauy Komm nns xakporo ysma cerku (2.8), T.e.
IPOUHTETPUPOBATH CHCTEMY S+ N pa3 B cpeJHeM Ha
oJioBUHE oTpe3ka T

Ha momy4yeHHBIX pEIICHUSX  BBIYUCISIOTCS

KOMIIOHEeHTHI TpaauentoB V,I;, i =1,m; Vu]i(tj),

i=1s, j=1,N; ¢ yuyeToM anmpoKCUMAIUH
YIPABJICHUS UX 3HAYECHUS PABHBI
t)
j+1 i )
t] - t] t]

LT RO G w0, W O - ]

— B CJIly4ae KyCOYHO-JIMHEHHOM anmpoKcUMaluu
(2.9). TIpu stom @* (t) BeuMcaseTcs mo hopmye (2.9)
_ .k _ .k
pu u]' = uj y u]-+1 = uj+1.
M3 mnony4eHHBIX 3HA4YEHUN TIPAJUEHTOB IO
ynpasnenmoVl;, i = 1,m,uVJi(t),j=1,s,t €T, n

tj'H
k@) £, (%, uk, wk, t)de
u ]
t)
— B
arrpoKCUMaluu u

ciydae KyCOUYHO-TIOCTOSIHHO

YE@) f (K, ak (@), wk, ) (t — /7 Ddt +

(2.14)

BBIYHCIICHHBIX o dbopmynam (2.11)—(2.13)
IPaJMCHTOB MO TapaMeTpaM COCTABISETCS MaTpuiia
K03((HUINEHTOB TMHEAPU30BAHHBIX OTPAaHUYCHHH.

BBoxs BekTopHBIE 0003HAYCHNUS IS paBeHCTB (2.2)—(2.4), mocTponM MOAUDUITNPOBAHHYO (PYHKITHIO
Jlarpamxka asst 3agaqu (2.1)—(2.7):

L =¢(x(t)) — 2 [n(x(t) — h*] + 2 [r(x(e)) = AT [R(x(t) — R*] -

tr ty
- [ W Ol @, 0 - g1de + 4 [ To©,0 - g9, 0) ~ g1de -

0

— [V ®leu,©) — lde +£ [ e, ©) — ¢ [e(u, ©) — e-]d, (2.15)
rae ht = h(x*(t,)) + he(x*(t))6x(t1), §* = g(x* (), 1) + g (x* (1), D)x (1),
¢t = c(uk(),t) + c, Wk (@), Hou(t), su=u—u*, 6x=x—xk
Hanee nuneapusyem orpanudenus (2.2), (2.3) Ha k-M npuOamKeHun:
I+ SV (9 (w — ub) + B 1% (w = wh) + F,1¥ (v = v) = 0, (2.16)
Jj
JE+ D (RO (= k) + B () v = wh) + B A () (0 = v9)] = 0,
i=0
j=0,N. (2.17)
Bnecy [ =y, 1, ...,L,), J=UiJz.,Js). TpudeM BMecTO paBeHCTB (2.3), 3aMaHHBIX JUIA
CnenoBarenpHO, mMeeM m orpaHmdeHnid (2.16) m  kaxkgoro MomeHta t €T, umeeM N paBeHCTB,
(N+1)s OorpaHUyYeHui (2.17), KOTOpBIE  OIpPEACICHHBIX B y3/1ax ceTkH (2.8).

NpeCTaBISIOT co00i sBHYIO GopMmy (depes u, w, v)
JIMHEApU30BaHHBIX (h’“, g]L) orpanuueHuit (2.2), (2.3),

ek ) + Vue@h, /) (uj —uf) =0,j =

rae ¢ = (¢q, ¢y, .., C;). IIpsAMBIE OTPaHUYEHUS HA
YHOpaBJICHUE U TTApaMETPBI OCTABUM 0€3 H3MCHCHHUIA:

-

H
vj < v

IA
\‘dw

Hnst muHnMm3anun  ¢yHKuoHana (2.15) npum
JMHEHHBIX orpaHudeHusx (2.16)—(2.20) npumensiercs

B » _
u' <w <ul,j=1N,

'lj = 1!nlWiH

Jluneapuzyem Taxxe ycinous (2.4):

O,N, (2.18)
(2.19)
<w; <wli=1p. (2.20)

METOJI NPUBEJIEHHOro rpaaueHTa [7]. 3ameTum, 4TO
¢ynkiuonan (2.15) mnpennonaraer HMCHOJIb30BaHHE
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UCXOJHOW cucteMbl (2.1) Ui pacuera TPaeKTOPUH
{x(t), x(t?), ..., x(t")} mo 3amaHHBIM DapamMeTpaM v,

w u ynpasnenuio u(t®), u(tl), ..., u(tV), 1.e. nonuas
MOJIC)Ib  BCIIOMOTATENIbHON — 3a1ayd  OIHCHIBACTCS
coortHomeHusmu (2.1), (2.15)—(2.20).

3.2. Anzopumm Mmemooa

CHPOCKMUPOBAHHO20 NAPAHICUAHA.

PaccMoTpuM Tenephb MOJHBIA alNrOpUTM PELICHUS
ucxoaHoi 3amaun (2.1)—(2.6).

1. C 3amaHHBIM yHpaBICHUEM uk, Jj= (),—N,
uHTerpupyercsa cucrema (2.1), u B ysznax cetku (2.8)
3alIOMUHAIOTCA  TOYKM  (a3oBOM  TpaeKTOpuu
x}‘, j = 0,N.3necs k — HOMep uTepartiu (TIepBEIii pas
k =0).

|Ii(uk+1,wk+1,vk+1)|

(1+ak+1)

|]i(uk+1,wk+1,vk+1)| <

(1+ak+1)

rae

Ha mnomy4yeHHOM pelIeHWH JIMHEAPU3YIOTCS
OTrpaHUYECHUs 3a1a4u (2.10) u CTPOUTCS
BCroMoraresbHas 3anaqa (2.15)—(2.20).

2. MeToJ10M NPUBEICHHOTO I'PaIUCHTa PEIaeTCs
BCIIOMOTaTesbHAs 3agaya MHHUMH3AIIH
MoaudummpoBanHon ¢ynkmun Jlarpamxka (2.15) npu
JMHEHRHBIX orpanndeHusX (2.16)—(2.20).

B  pesymerare  OyayT  HaliieHBI  HOBBIC
npuGmkenns  ams  ynpasmenms  uftt, j=0,N,

j
k+1 g p*+1 3 taroke M1t IBOMCTBEHHBIX

nepemennbx AT pktt, j = O,N.

3. Ilpoepsercs  KpUTepHil  OKOHYAHHS
HTEPaIOHHOTO Mpolecca KaK 10 MpPSMBIM, TaK H IO
JBOHCTBEHHBIM MIEPEMEHHBIM:

apameTpoB W

<gi=1m

<egi=1,s,

a**t = max{|[uf*],j = 0,N; lw;l,i = L,p; Iv|, 1 = Ln};

5-1

st

(1+ek+1) —

<g,

WS gj=1m;

i=1,5j=0,N;

Pkl = max{|/1}‘+1|,j =1,m; |u§‘j+1|,i =1,5j=0N}

IMpu HapymieHun XOTS OBl OJHOTO M3 3THX
YCIIOBHI BBITIONHsIETCS HOBast kK + 1-s murepanus ¢ 1. 1.
Ecnmu ke 5TH HepaBeHCTBA BBINOJHAIOTCA IS
3amaHHoro € >0, TO WTepalMOHHBIN mpoIecc
IpeKpalaeTcs, a HaiieHHbIE u}‘*l, j=0,N, wktt g
v¥*1 BRITaroTCs B KauecTBe MPUOTHKEHHOTO PEIIEHNS
3a/1a4d ONTHUMAJIBHOTO YIPaBICHHUS.

3AKJIIIOYEHUE

UznoxeHHble B JaHHOH CTaTbe YHCIICHHBIC
METOBI ONTHMH3AIUH MAapaMETPOB H YIPABISIOMINX
(GYyHKIMHA ~ KOHCTPYKTHBHO — YYHTBHIBAlOT  (ha30BEIC
OTpPaHUYCHUS TyTeM MNpUMEHeHUs 3(P(QEeKTUBHBIX
QIrOpPUTMOB  JIMHEHHOro [8] ©  HeJIMHEHWHOTro
[IPOrpaMMHUPOBAHHUS [7] JUISL pelieHus
BCIIOMOTATENbHBIX 3a/1a4 OONBIION pa3MEepHOCTH.
CoBpemMeHHBIE HWH(QOPMAITMOHHBIE TEXHOJOTHH U
MHOTOIIPOIIECCOPHAsT ~ BBIUMCIUTENbHAS  TEXHHUKA
JIOTTYCKAIOT JIOCTaTOYHO 3(PPEKTUBHYIO peaTu3aIinio
CJIOYKHBIX aITOPUTMOB, HAIPUMED, ITyTEM IPUMEHEHUS
napannensHslx  BbraucneHuil  [9].  IIporpammuoe
obecrieueHre, pa3pabOTaHHOE Ha OCHOBE JaHHOTO
NOAX0Aa U peanusyrolee  MHOTOMETOAHYIO
TEXHOJIOTHIO [6] pacyeTa ONTUMANTBEHOTO YIPABICHHUS H
ONTUMAJIFHBIX IAPaMETPOB, YCIENIHO IPUMEHSICTCS
JUIL  pEUICHHUS  CJIOKHBIX  NPUKIATHBIX  337ad

ONTUMAJIFHOTO YIPAaBICHUSA U3 Pa3IM4YHBIX OO1acTeit
HAYK{ M TeXHUKH [3-6].
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JAUCHEPCHOHHBIE YPABHEHUSI HOTEHIIUAJIBHBIX KOJIEBAHUI NOHO-
MATHUTOC®EPBI, TIOMEIMEHHOU B TIOCTOSAHHOE MATHUTHOE U CBY-
SJIEKTPUYECKOE ITOJIE
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B naHHOU cTaThe NPUBOIUTCS TECOPETUUECKOEC OOOCHOBAHHUE JMCIICPCUOHHOIO YPABHEHUS MOTCHIIMATBHBIX
KOJICOAHUH HOHO-MarHUTOCQepsl. ITO ypaBHEHHUE HEOOXOIUMO JJIsl PEIICHUS aKTYalbHOM HAyYHO-TEXHHUYSCKOU
3aJayd 10 pa3paboTke BEPOSTHOCTHO-CTATUCTUYECKOTO METO/a MOJICIUPOBaHHS SIBICHUH MepeHoca B
MHOTOKOMTIOHEHTHOM, oMenieHHo# CBY-anexTpudeckoit mose.

Abstract

This article provides a theoretical justification for the dispersion equation of the potential vibrations of the
ion-magnetosphere. This equation is necessary for solving the urgent scientific and technical problem of
developing a probabilistic-statistical method for modeling transport phenomena in a multicomponent, placed

microwave electric field.

KaioueBble ci10Ba: noHo-MarauTocdepa, mapaMmeTpbl HOHO-MarHUTOC(EPHI, PAIHOIOKAIIMOHHBINH HMITYJIbC,

aBpOPAJIbHBIC HECOAHOPOAHOCTH.

Keywords: ion-magnetosphere, state ion-magnetosphere parameters, radar pulse, auroral inhomogeneities.

Pacmmmpenne wmacmtaboB 3amad, pemiaeMbIxX
obecreynBarOMMH  KOCMUYECKMMH CHCTEMaMH, a
TaKk)Xe MEPCHEeKTHUBHBIC IMJIaHBI MIUPOKOMACIITAOHOTO
WCIIONIb30BaHUsI KOCMOCa JUIs pa3MeINeHus] yAapHBIX
CHUCTEM, pEeIIAloIIUX 3aJa4d TOPAKEHUS HA3eMHBIX,
BO3AYIIHBIX ¥ KOCMHYECKHX OOBEKTOB TpPEOYIOT
COBEpIUEHCTBOBAHHUS  METOAOB M  aJNTOPUTMOB,
UCTIONB3YEMBIX I 00pabOTKH  TPaeKTOPHBIX
M3MEpEHUH ¢ LIEIbI0 NOBBILIEHUS UX JOCTOBEPHOCTH U
TOYHOCTH OTPEJENICHUsI TPAEKTOPHBIX IapaMeTpoOB
JIBIDKEHHSI 1€ BEAET K PEIICHUI0 Pa3IUYHbIX
HAyYHO-TEXHUUYECKUX 3ajad.

OcoObIif MHTEpEC MPEACTABISIET COOON pelIeHre
aKTyaJlbHOM  Hay4YHO-TEXHHYECKOW  3ajayu 1o
pa3paboTke BEPOSTHOCTHO-CTATHCTUYECKOTO METOa
MOJICTTUPOBAHUS SIBIICHUT nepeHoca B
MHOT'OKOMIIOHEHTHOM, ITOMEIIEHHOH CBUY-
9JIEKTPUYECKOHM TM0Jie, TOCTPOEHUIO U aHalu3y Ha
OCHOBE TMOJYUYEHHBIX PE3yJbTaTOB MaTEMaTH4YECKOU
MOJETH BIIASIHUSA HOHO-MarHuTochepsl Ha
XapaKTepUCTUKU CHUCTEM JJIEKTPOHHOM TEXHUKH,

UMEIOIIeH CYIIeCTBEHHOE 3HAu€HHE JUIsl MOBBIIICHUS
3¢ PpeKTUBHOCTH (bYHKIMOHUPOBAHUS PJIC,
HIMPOKOMACIITaOHOTO HCIIOJIB30BaHUS KOCMOca st
pelIeHus] pa3lIMuHbIX 3aJa4y CBS3M, a TaKKe JUIst
00paboTKM TPAeKTOPHBIX H3MEPEHUH C  1ENbI0
MOBBILICHUSI HMX  JOCTOBEPHOCTH ¥  TOYHOCTH
ONIpeNIeNICH!s] TPACKTOPHBIX NapaMeTPOB IBHIKCHHUS
Pa3IHYHBIX JICTATEIBHBIX AMApaToB (LEJH).

OZ[HI/IM M3 OJTallOB PCHICHUA IIOCTaBJICHHOMN
3aJa4n SABIIACTCA TEOPETUYCCKOC 000CHOBaHHE
JUCTICPCUOHHOT'O YpaBHCHUA NMOTCHIIMAJIbHBIX

KoylebaHUNl HMOHO-MarHUTOCQEphl, MOIYYEHHBIX H3
OecKoHEeUHO! CHCTEMBI ypaBHEeHHUH Tra Boxprepa s
CBEPX-BbICOKOYACTOTHOI'O 3JIEKTPUYECKOTO IO C
YaCTOTOW TPEBOCXOMASAIIEH COOCTBEHHBIE YAaCTOTHI
Cpelpbl.

Jnst 000CHOBaHHMSI JTUCTIEPCHOHHOTO YPaBHEHUS
MOTEHIMAJIBHBIX ~ KOJEOaHWT MHOTOKOMITIOHEHTHOH
HMOHO-MarHUTOC(Epsl B KayecTBE HCXOJIHOTO ITyHKTa
ucnonb3yeM ypasHeHue Ilyaccona.

divdE = 4m Y, dnyg, 1)

r7e B IpaBoil 4acTu (UTypHpYyeT BO3MYIICHHE
IUIOTHOCTH 3apsDKEHHBIX 4YacTUL, a B JIEBOH -
BO3MYIIECHHE IOTEHIUATIBHOIO 3JIEKTPUYECKOTO II0JIA.
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6E = —i Yiwn ks ™ exp{—i(w + nw,) + iﬁ?} )
e 5™ -ammmTya BO3MYIICHHS Bo3MylleHHE TUIOTHOCTH 3apSHKEHHBIX YaCTHIL

OJIEKTPUYECKOT'O IMMOTEHIIHUAJIA.

Mo BO3JECUCTBUEM MTOTCHLUMAIBHOTO IOJIS BOJIHBI

e onsY = — 5l T2 o0 s (a5) 5O 3)
e by = —deg o™ )
Jns  3nekTpoHOB (6n( )) U HOHOB (6n(n))

HOJIy4EeHHBIE BO BTOPOM Pa3zielie, a TaK e HCIIOIb3YyeM
ypaBHenue Ilyaccona (1)

12 Jnes (@)@ = (e, 675 + T12 0 )5 (ag)eqdns)) ()

3allMCaHHBIC OTHOCHUTCIIBHO BO3MYIICHUSA
notennmana 6P ™npencrasnser coboit  cucTeMy
OIHOPOIHBIX YPaBHCHHM, YCIOBHE pPa3peIIMMOCTH
KOTOPO#1 OIpeAesieT AUCIIEPCHOHHOE yPaBHEHUE ISt

_ 6 ~(TL)
~(n)

rae 6P, = e,01, BO3MYIIICHAE IUIOTHOCTH
3apsna HOHOB, §p, = €,0M, - BO3MYLICHHS UNIOTHOCTH
3apsI0B HOHOB COPTA X.

Takum ob6pazom (6) mnpexacraBmseT coOoi
OECKOHEUHYIO0 CHCTEMY aireOpanuecKux ypaBHEHUit
Ttuna Bonbrepa.

~(8)el” + LI o D Jns (@p)pSY
—(8)edV (B o0 Js-n(@p))SFS + Xo 5p5Y

NOTEHIMAJIbHBIX KOJeOaHuil MOHO- MarHutocdepe B
CBU — snexTpuyeckoM noie.

Yopoctum cucremy (3.) — (5), moacraBum
3Ha4YEeHHUS AJIs BO3MYIIEeHU noTeHuana us (3), (4)

(6)

PaccMOTPUM CBEPXBBICOKOUACTOTHOE ote E(t),
cuMTas, YTO 4YacTOTa Wy MHOIr0 OOJIbLIE BCEX
XapaKTEPHBIX  IUIA3MEHHBIX  4acToT.  IlooToMy
08¢0, (@ + nwy) = 0 mpu n # 0. [Tostomy cucrema (6)
IUISL CIIyYast JIBYXKOMIIOHEHTHOM CHCTEMBI CBOJIMTCA K
JIBYM ypPaBHEHUSIM

p” = =66l + Jo(ar)py”
p® = —8e[p + Jolag)pl”] @)

MIPECTABIISAIONINX coboit
ypaBHEHHE ANEKTPOCTATHYECKUX
TIa3MEHHON CpeJIbl BO BHEITHEM II0JIC.

B BbICOKOUacTOTHOM Ipezese, Korna ¢asoBas
CKOPOCTh KoJeOaHui HamMHOTO OOJbIIE TETUIOBBIX

JIICIIEPCHOHHOE
KoaeOanuit

ckopocreil Hocureneit (w >> kVy,) aucnepcrnoHHOE
cooTHomeHue (7) MPUBOIUT B clydae cpenbl 0Oe3
MarHuTHOTO TIONIE K OHMKBagpaTHOMY YPaBHEHHIO
OTHOCHTENILHO W, COJEPIKAIIEMY TBa KOPHS

wi = wfe + wis(ag)

0} = wf;(1-J§(ar) @)

[1epBrIit N3 HUX MpecTaBIsieT caboe HCKaKeHHE
CIIEKTpA BBICOKOYACTOTHBIX 3JIEKTPOHHBIX
JIEHTMIOPOBCKUX  KOJICOAHMH  XOJIOAHOW  TUIa3MBbl;
BTOPO! OIMCHIBAET HOBBIM CIEKTP, KOTOPBIN MOJIy4HI
Ha3BaHME NIEKTPUUECKUH 3BYK.

B ciy4ae TPEXKOMIIOHEHTHOI HUOHO-
MarHuToc(epsl, COCTOSMIEH M3 3JIEKTPOHOB M IBYX
COPTOB HOHOB [HWCIIEPCHOHHOE YpaBHEHHE OyJneT
HUMETh CIIeTyIOLIUN BUI:

(14662 + 6ei(lo) + 65520)) + 639)(651-(10) + 581-(20))(1 —J2(ap)) =0 9)

689, 681-(10), 651-(20)
KOO(QPHUINEHTHI AWAIEKTPUYECKON IPOHHIIAEMOCTH
HIIEKTPOHOB (€) ¥ ABYX COPTOB MOHOB (i W i3).
[TpuBeneHHOE TEOPETHYECKOE HCCIIEIOBAaHUE B
JlaTbHEHIIEM TT03BOJISIET PELIUTh CIEAYIONUE 3a/1auH:

3[[60]: napnuajibHbIC

paccunrtaTh BiIusgHUE cHuibHOT0 CBY - anekTpuyeckoro
noJIst Ha NIOTEHIMAJIbHBIE Kose0aHus
MHOTOKOMIIOHEHTHOH TOpsiueil MOHO-MarHUToc(hepsl,
NOJIyYUTb CHEKTPbl U  JEKPEMEHTBl 3aTyXaHUs
MOTCHLMANBHBIX ~ KOJNeOaHuid B  HHM3KOYAaCTOTHOM
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00acTH CHEKTpa KOJICOAHWH, PacCUYUTATh BIHMSHUC
CBUY-a5eKTpuuecKkoro ImoJis Ha MOTEHLHUAIbHbIE
KoJieOaHUss MHOTIOKOMIIOHEHTHOM XOJIOJHOM HMOHO-
MarHuToC(ephl, MONYyYTh COOCTBCHHYH YacTOTy U
JIEKPEMEHTHI 3aTyXaHUS B BBICOKO- U HU3KOYACTOTHOM
o0NacTsaX CHeKTpa, YTO TPUBEACT K PEIICHHIO
aKTyaJIbHOM  HAy4YHO-TEXHHYECKOM  3ajayd 1O
pa3paboTke BEPOSTHOCTHO-CTATHCTHYECKOTO METOAa
MOJICITUPOBAHS SIBJICHHI mepeHoca B
MHOT'OKOMITOHCHTHOM, MOMEIEHHONH CBY-
3JIEKTPUUYECKO MoJIe.
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