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K BOITPOCY O IIOCTAHOBKE 3AJAYHU OIITUMU3AIIUU ITPOEKTHBIX
IMAPAMETPOB PAKETHOI'O IBUT'ATEJISI HA TBEPJIOM TOILJIUBE

CdopmynupoBaHa 3a/ja4a ONTUMH3ALUHN POCKTHBIX [IAPAMETPOB PAKETHOTO JIBUTATENS HAa TBEPJIOM TOILIH-
Be (PATT) xak 3agaya HENMHEHHOTO MAaTEMaTUYECKOrO IPOrPaMMHUPOBAHHUS C OrPaHUYEHUSIMH TUIIA PAaBEHCTB U
HepaBeHCTB. [IpuBeneHsl aneMenTbl MareMaTudeckod monenu PATT u anroputm, no3BossIOIIME HA HAYaIbHOM
9Tare NPOCKTHPOBAHHS ONPEeNATh KOHPUTYpaIHIoO B rabapuTHBIE pa3Mepshl 3apsijia C MIeICBEIMH IPOTOUYKaMU B
obyacTu mepesHero JHHINA KaMmephl cropaHus. B cocraB ontumusupyemsix napamerpoB PJITT BkioueHsl reo-
METpUUYECKHE MapaMeTphl, XapaKTepU3yoIllue HadalbHyI0 KOHQHUIYPAIHIO 3apsija, YTO MO3BOJHUT B pe3yabTaTe
pelieHust 3aa4n BBIOpaTh Takyro KOH(HUrypauuioo, Kotopas B mpouecce pabotsl PITT obecrieunt Tpebyemyro
TIpOrpaMMy H3MEHEHHS BO BPEMEHH TATOBBIX XapaKTEPHCTHK ABUTAaTeNs.

CcoopmynboBaHa 3amada ONTHMi3amii MPOSKTHHX IapaMeTpiB PaKeTHOrO JIBHTYHA HAa TBEPAOMY INalHBi
(PATII) six 3agava HeMiHIHHOIO MATEMATHYHOTO POrPaMyBaHHs 3 0OMEKCHHSAMH TUILY PiBHOCTEH i HEPiBHOCTEH.
IIpuBeneni emementn MateMatnunoi mogeni P/ITII i anropuTM, IO [O3BOJNSIOTH BH3HAYHTH HA MOYaTKOBOMY
eTari MpOeKTYBaHHs KOH(Irypauito i rabapuTHi po3MipH 3apsiay i3 IUTHHHAMU MPOTOYKAMU B 00JACTi mepea-
HBOTO JHMINA Kamepu 3ropsHHS. Jlo cximangy mapamerpiB PJITII, sixi onTuMi3ylOThCS, BKIIIOYEHI I€OMETpHUYHI
rmapaMeTpH, LI0 XapaKTepU3yIoTh MOYAaTKOBY KOH(Irypaiiio 3apsay, i 1e J03BOJIUTh y pe3yibTaTi po3B’si3aHHS
3ama4i BUOpatu TaKy KoHQirypauiro, sika y nporeci poootu PJITII 3a0e3neunts HEOOXiAHY Mporpamy 3MiHH B
4aci TArOBUX XapaKTePUCTUK ABUTYHA.

The problem of the optimization the design parameters of the solid rocket motor as a nonlinear mathemati-
cal programming problem with equality/inequality constraints is formulated. The elements of a mathematical
model of the solid rocket motor and an algorithm for the determination of the configuration and overall dimen-
sions of the charge with the slotted ductules in the front bottom of the combustion chamber at the initial design
stage are presented. The structure of the optimized parameters of the solid rocket motor includes geometric pa-
rameters characterizing the initial charge configuration resulting in the selection of such a configuration, which
will provide a required program of variations in time of a thrust performance of the motor during the solid rocket
motor operation.

Knrouesvie cnosa: Paxemuulii Osueamens Ha meépoom moniuee, npoekmusvie na-
pamempol, ONMUMUZAYUS

Beenenue M3 BceX TUIIOB PAaKETHBIX ABUIATENIEH, IPUMEHSIEMBIX B Ka4eCTBE
JIBUTATEIbHBIX YCTaHOBOK (/YY) 00bexToB pakeTHO-KOcMHuueckoil TexHuku (PKT)
Pa3IMYHOTO Ha3HAYeHHWs, pakeTHble aBurarenu TBEpaoro Torwmea (PUATT) sBms-
I0TCS, HApSAy C JKMJIKOCTHBIMH PaKETHBIMU JIBUTATENIIMH, OJHUMHU M3 HauOoJjee
pacrpocTpaHeHHBIX. DTO MOATBEPKAaeTCs mupokuM npuMmenernem PITT B kade-
ctBe MapiieBbix JIY B 00bekTax PKT OT oneparnBHO-TAKTUYECKUX PaKeT JI0 pa-
ker-Hocutenel (PH) pasznumaneix kimaccos, ucnonb3oBanuem PIATT mias Topmoxke-
HUsl 0TpaboTaBIIMX cTyneHer PH, a Takke )i JOTIOJIHUTEIBHOTO Pa3roHa KOCMH-
YEeCKHX allapaToB MPH MEPeXoax C MEePexXOHbIX OPOHUT Ha TpeOyeMble KOHSUHBIC
opoutsl. Kpome toro, /1Y Ha ocHoe P/ITT Hanumm mmpokoe MpuMEHEHUE B Kade-
CTBE YCKOPHUTEJEN C LIENbI0O TMOBBIICHUS 3HEPreTUYECKUX Bo3MmoxkHocTedl PH u
paclupeHus Kpyra pelaeMblX MU LEJIEBbIX 3a/1ad. BellleckazaHHOE ONpeessieT
aKTyalbHOCTh HCCIICJIOBAHHIA, KOTOpBIE CBS3aHBI C Pa3pabOTKONH COBPEMEHHOTO
METOANYECKOTO 00ECTICUeHH sI, BKIIFOYAIOIIETO MOCTAaHOBKY 3ajiay, CO3/IaHhe MaTe-
MAaTUYECKUX MOJEJEH, AITOPUTMOB U IPOrpaMM JUIsl peIIEHUs 3aa4 Ha4aJIbHOIO
aTamna npoekTupoBanus 00bekToB PKT U, B 4acTHOCTH, paKeTHBIX IBHUTATEIEH Ha
TBEPJOM TOILIMBE.

B crarbe, NpUMEHHTENLHO K HAYAILHOMY 3Taly MPOEKTHUPOBaHUS, CPOpMY-
JIMPOBAHA 3a/1a4a ONTHUMM3ALMU IPOEKTHBIX I1APaMETPOB U OCHOBHBIX XapaKTepu-
ctuk MapmeBsix PJITT B coctaBe TBEpmoTOIIMBHOM pakeThi-Hocutens (TPH), a
TaK)Ke TPHUBEICHBI OTACIbHEBIC dIeMeHTHl Maremarndeckor moaenmu PITT, HeoO-

© B. C. CenbkuH, 2014
39

Texu. mexanuka. — 2014, — Ne 4.



XOJIUMBIC IS PEIICHIS pacCMaTPUBAEMO 3a a9,

IHocTranoBka 3agaun. OgHON U3 MpoOIeM, pelraeMbIX Ha HA4aJbHOM JTare
npoektupoBanus TPH, siBngercs: onpenesieHUe pallMOHAIbHBIX 3HAYEHUNA MPOEKT-
HBIX TIApaMeTPOB W OCHOBHBIX XapakTepucTuk mapmieBbix PJTT. Cnexyer otme-
THTH [1, 2], 9TO 3amada ONTUMHU3AINNA OCHOBHBIX IPOEKTHBIX MapaMeTpPOB U MPO-
rpamMMm ympasienuss TPH cymiecTBEHHO OTIMYaeTCss OT aHAJOTHYHON 3amaqn [3]
utst kunKocTHRIX PH. OcHOBHOE OTNIMYHE 3aKITI0YAE€TCS B TOM, YTO JIJISL AKHUIAKOCT-
HbIX PH TpeOyembie mporpaMMbl H3MEHEHHUS TAT MapIIeBhIX BUTATENEH B MOIETE
MOTYT OBITh 0OECTIEYeHBI COOTBETCTBYIOIIEH PETYIMPOBKON CEKYHIHOTO pacxoaa
MPOJYKTOB CropaHusl pakeTHOTO ToruiuBa [4]. PerynmpoBka ke TAT MapIIeBBIX
PATT TexHu4eCcKU TPYOHO peau3yeMa, a U3MEHEHUE TAT BO BPEMEHH B 3TOM CIIy-
Yae OTpeAeNsseTcs] HaYallbHBIMA KOH(PHUTYpAIUIM 1 3apsI0B U XapaKTePUCTHKAMHU
TBepAbIX pakeTHbIX TorumB (TPT). Oto mpuBoAMT K HEOOXOIUMOCTH OCYIIIECTB-
JIATHh ONTUMU3ALMIO MPOEKTHBIX MapamerpoB TPH u mporpamm ymnpaBieHust ABU-
’)KEHHEM COBMECTHO C IPOEKTHbIMHU MapameTpamu MapuieBbix PTT. IIpu sTom B
COCTaB ONTHUMH3UPYEMBIX TapaMETPOB JOJHKHBI OBITh BKITFOUEHBI T€OMETPHUIECKIE
MapaMeTpsl, XapaKTepU3ymIllne HadalbHble KOHQUTYpAllMU 3apsAloB MapIIeBBIX
PATT [1, 2].

BxiroueHue B cocTaB OCHOBHBIX HPOEKTHBIX napameTpoB TPH mapamerpos,
ONpeaeNsoIuUX OCHOBHbIE XapakTtepuctuku MapuieBsix PJITT, mpuBogut, oco-
O6enHo s MHOTocTyreH4Yareix TPH, k cymecTBeHHOMY yBETMYEHHIO KOJMYECTBA
ONTHUMHU3HPYEMBIX MMapaMeTpoB. DTOT (PaKTOp 3HAYUTEIHHO OCIOXKHSET pelieHUe
KOMIUTEKCHON 3a/laydl ONTHMH3AIMA OCHOBHBIX MPOEKTHBIX MapaMeTpoOB U MpPO-
rpaMm ympasieHus apwxenuem TPH.

OnHrM M3 BO3MOXKHBIX IyTeH pelIeHHs YKa3aHHOU MPOOJIEMBI SIBISIETCS Jie-
KOMITO3UIIHSI KOMIUIEKCHOM 3a7]aui Ha JBe OoJiee POCThIE 3a[]a4i C MEHBIITUM KO-
JUYECTBOM OINTUMHU3UPYEMBIX TMapameTpoB. Tak, B mepBoil 3amaue (manee 3ama-
4a 1) B KauecTBe L1eIeBOro (pyHKIMOHAIA BbIOpaHa Macca IOJIE3HOTO Ipy3a My, ,

BBIBOJIMMAs Ha 3aJJaHHYIO0 OpOHTY, a pe3yiabTaT PEeIIeHUs — COBMECTHAs ONTHMHU-
3alUsl OCHOBHBIX NPOEKTHBIX napameTpoB TPH, nmporpamm ynpasiieHHs ABUXKEHU-
€M U 4acTH HapaMeTpoB, Xxapakrepusytomux mapuiessie PITT [2]. Bo BTopoii 3a-
nade (manee 3ajada 2) B KauecTBe IeJieBOW (YHKIMH BBIOpaH KBagpaT CpeIHEHH-
TETPAIIBHOIO OTKJIOHEHUS! PACUETHOM NPOTrpaMMbl U3MEHEHHS TATM MaplIeBOTO
PATT ot TpebGyemoii mporpaMMel, MOIy4eHHON B pe3ysIbTaTe peleHus 3a1a4u 1, a
pe3yibTaT pelIeHUs] — ONTUMHU3alUs T€OMETPUUECKUX MTapaMEeTPOB, XapaKTepU3y-
IONIMX HavajbHbIe KOHQHUrypanuu 3apsaoB Mapmesbix PIATT. Ipu atom crexyer
OTMETHTB, 4TO 3a/1a4a 2, Mpu cPOPMUPOBAHHBIX B 3a/1a4e | 3HAYCHUSX ONTHMHU3HU-
pPyEeMBbIX MapaMeTpoB U TpeOyeMoil mporpaMMbl H3MEHEHHA TATH MapIIeBOTO
PATT, MoxeT ObITh pelieHa OTAeIbHO yisi Kaxaoro mapmeoro PIATT i -ii cry-
nenu TPH.

KommuiekcHas 3amaga COBMECTHOM ONTHMM3AIMA OCHOBHBIX IPOEKTHBIX Ia-
pamerpoB TPH, nporpamMm ympasiieHHs ABMXEHHUEM WU IPOEKTHBIX I1apaMETPOB
mapmieBbix PJITT (3amaua 1) chopmynmpoBaHa B [2], rie MpeUIoKeH METox e
peuIeHus, a TakKe IPUBEACHBI JIEMEHTHI MaTEMaTHUYECKOH MOJENH, MO3BOJIIO-
e chopMHUPOBaTh B 3aBHCHMOCTH OT OCHOBHBIX IPOEKTHBIX MapaMeTpPOB MpPO-
rpaMmbl ynpasieHus aBwxeHueM TPH, Bkirouaromue nporpaMMy U3MEHEHHs BO
BPEMEHH yIJIa TaHTaXa W MPOrpaMmbl u3MeHeHus Tsr MapiieBsix PIITT i-x cry-
nenen TPH.
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Janee paccmaTrpuBaeTcsl IOCTAaHOBKA 33Jja49i ONTHMH3AINHA T€OMETPHIECKUX
napameTpoB 3apsgoB MaprieBsix PJITT (3amada 2) mis ciydas, KOTZIa W3BECTHBI
wi ¢OpMHPOBAHBI OCHOBHBIC MTPOEKTHBIC MmapameTpsl TPH u onTumu3upyembie
COBMECTHO C HHMMH MapaMeTpsl, xapakrepusytoune MmapuieBsle PITT, a taxxe
oTpezieNieHbl TpedyeMble MPOrpaMMbl U3MEHEHHSI BO BPEMEHH TST MapIIeBhIX JIBH-
raTenei.

3amaga chopMynupoBaHa Kak 3afjadya HEIMHEHHOTO MAaTeMaTHYeCKOTO IPo-
rpaMMHpPOBaHUS C OTPAaHMYEHUSMHU B BHJE PAaBEHCTB M HEPaBEHCTB. B kaudecTBe
neneBoit pynkmuu | =1 (EPH P v, ,)T), KaK y’Ke€ OTMEYaJIoCh paHee, paccMaTpH-

BaeTCs KBaJpaT CPETHEHHTETPATbHOTO OTKIIOHEHHUS MPOTPaMMbl H3MEHEHHS TATH
mapmeBoro PJITT Ha ocHOBHOM pexnMme paboTBl OT TpeOyemoil mporpammel,
OTIpeZIeTIIEMOM B 3aBHCHMOCTH OT OCHOBHBIX MPOEKTHBIX MapaMeTPOB KOHKPETHOM
crynenu TPH

toci 2
| (Bowt Py, %)= [[P(Pon - Pay, X t)~Prp 1 (Be X 1) dt o min, (1)
0 i

rae Pey =(pij ), j =1,N — BeKTOp OCHOBHBIX NPOEKTHBIX NapamerpoB TPH,

KOTOPBIM Mpenmnoaraercs 3aJaHHbIM JHO0 c(hOPMHPOBAH MOIYJIEM, PEaIU3yIO-
IIMM HCHOJIb3YEMBbIH METOA ONTHUMHU3ALUK IPU BEIOOPE OCHOBHBIX MPOEKTHBIX I1a-

pametpos TPH;  Pye, ={Pio, j=1m, i =Z|.,_NCm — BEKTOP ONTHMU3HPYE-
MbIX mapamerpoB MapuieBoro PITT i -t crynenn TPH; N, — koaudecTBo cTy-
nemeit TPH; X =(Xj ),j =1r —BEKTOp  MCXOIHBIX  JaHHBIX;  {oej —
MPOIOJKUTENBHOCTS OCHOBHOTO peskuMa padotsl MmapmeBoro PATT j -if ctynenu
TPH; P(PPH, Pio: )T,t), Prrpi(F_)PH X ,t) — pacuéTHas ¥ TpeGyeMas mporpaMMmebl

usMeHenus: taru MapmeBoro PJITT ! -it crynenn TPH Ha ocHOBHOM pexuMe pa-
0OTBHI.
3aBucHUMOCTD LesieBoM GyHKIUH (1) OT BEKTOpa OCHOBHBIX NPOEKTHBIX Mapa-

metpoB TPH Pp,, ¥ BEKTOpOB NMpPOEKTHHIX HmapameTpoB mapiieBblx PJTT i-x
CTyneHell Pse JaeT BO3MOXKHOCTh B KOHCYHOM HTOTE PEIIHTh KOMIUIEKCHYIO 3a-
I

Jlady COBMECTHOM ONTHMHU3ALMH OCHOBHBIX MPOEKTHHIX nmapamerpoB TPH u mpo-
EKTHBIX TapaMeTPOB MapIIEBbIX IBUTATEIICH.

B kauectBe OCHOBHBIX NpoeKTHbIX napamerpoB TPH [1, 2] u ontumusupye-
MBIX COBMECTHO ¢ HUMHU mapameTpoB MapuieBbix PITT paccmarpusarorcs: koag-
(UIMEeHTHl HAYaJbHBIX TATOBOOpYXKEHHOCTeH i-x crtynenedr TPH B mycrote

Vpirl =L Ny koddoummentsr §;, ompenensiomue 3aBUCHMOCTh TPeOyeMbIX

3HayeHui Tar mapueBblx PIITT oT BpeMeHH; OTHOCUTENIbHBIE KOHEYHBIE MACCHI
i -x cryneneit TPH p;; naBnenust B kamepax cropanus mapiesbix PATT py;;

auaMeTpsl cpe3oB comen Dy .
Koadduiuuentsl HayaabHBIX TATOBOOPY)KEHHOCTEH V,; M OTHOCHUTEJIbHBIE
KOHEYHBIE Macchl L |-X cryneHeil TPH onpenensiercs W3BECTHBIMH COOTHOIIIE-

ausmu [ 1, 2]:
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Jo Mg My
Vi = = (2)
OCH i Mo

rIe (g — YCKOpEHHE CHIIBI TSKECTH y TOBEPXHOCTH 3eMIH; Mg, My —

CTapTOBasi M KOHeUHast Macchl i -if crynenu TPH; PL,,; — Tsra B mycroTe Mapiie-

Boro PITT i -it crymenu TPH B Hauae OCHOBHOTO PEXHMa pabOTHI.

[Tpu ¢popmupoBanuu nporpamm usmeHenus Tsr mapuessix PATT i -x cryme-
Heit TPH Ha ocHOBHOM peskuMe paboThl MpeanoiaracTcsl JUHeWHas 3aBUCUMOCTD
TAT OT BpeMeHH [1, 2], koTopas xapakTepusyercs NpoekTHbIM napamerpoM TPH —
k03 dunuentoM (;, onpenensieMelM 1o Gopmyiie

H

=2, ®

OCH i

rne Pk, ; — mycrotnas tsara mapmesoro PJITT i -if crynenn TPH B KoHIE OCHOB-

HOTO peXXrmMa paboTEhI.

C yuéroMm cooTHOMIeHn# (2) Tpedyemas mporpaMma U3MEHEHUS TATH Mapiie-
Boro PATT i -it crynenn TPH Bo BpeMeHH Ha OCHOBHOM peXHME pabOThI JBHUra-
TEJsI MOXET OBbITh ONpeieIeHa COOTHOIIEHUEM

_ 1-¢.
P i (pPH ,x,t)= Pocki * 1+—C"t . 4)
Gi toci

Beenenue B cocTaB OCHOBHBIX HMPOEKTHBIX napamerpoB TPH wactu ontumu-
3upyeMbIxX napameTpoB mapieBblx PJITT, Takux kak gaBieHUs B KamMepax cropa-
HUS, IUAMETPBl CPEe30B COMel, BBI3BaHO TeM (PAKTOM, YTO STH HapameTpsl B KO-
HEYHOM WTOI€ BIMAIOT Ha BEIMYMHY LEJIeBOro (PyHKIHOHanIa M., 3amga4u 1, a

TaKXe Ha BHELIHEOAJUIMCTHYECKHE, SHEPTeTHYECKHEe, radapuTHO-MaCCOBbIE Xapak-
tepuctuk TPH, 4TO cOOCTBEHHO M BBI3BIBAET HEOOXOJMMOCTb MX COBMECTHOM
ONITUMM3ALMHI OJTHOBPEMEHHO C OCHOBHBIMH ITPOEKTHBIMH Napamerpamu TPH.

IIpu ganpHEWIIEM WM3JI0KEHUU MaTeprana, CBsI3aHHOTO ¢ MOCTaHOBKOM 3a1a4n
ONTUMHM3AIUK MPOEKTHBIX MapameTpoB MapiieBoro PJITT i-it crymenu TPH, B
COOTHOIICHUSAX U (opMynax uHaekc i OyneT omylleH, MOCKONbKY 3anava Gop-
manuzyetcs ana MapuieBoro PIITT koukpernoit ctynenn TPH.

OntumusnpyemMble napaMeTpsl ABUraTess B GopMyIHpyeMOH 3a1ade Leneco-
00pa3HO pa3/eUTh HA [BE TPYNIbLl Py = {(_:, §} [1, 2]. K nepBoii rpymnime [BeKTOp
C= (Cj ), j =1,m ] OTHECEeHBI CTPYKTYpHbIC apaMeTPbl, U3MEHSIOIINECS AUCKPETHO
U OTIpeNeNsone 00JIUK, CTPYKTYPY, COCTaB M KOHCTPYKTHBHO-KOMITOHOBOYHYIO
cxeMy asuratens. Ko BTopo#i rpyrmire oTHeCeHbl OCHOBHBIE TPOEKTHBIE MTapaMeTPhI
apuratens [Bektop S =S ) =1,1 ], uamensitornecss HEMPEPbIBHO, KOTOPBIE M03-
BOJISIIOT OIIpeNeNsiTh: HaualbHylo KoH(purypamuro 3apsaa TPT, a takxe, ¢ Ucmonb-
30BaHMEM HM3BECTHBIX MaTeMaThieckux moxenei [1, 2, 5—9 u ap.], sHeprerude-
CKHE, TSATOBbIE, PACXO/HBIC, IPOYHOCTHBIE M Ta0apUTHO-MACCOBBIE XapaKTepUCTHU-

ku PIATT. [lockonpKy 4acTe mapameTpoB, XxapakTepusyromux mapmesslid PUTT,
ONTUMHU3UPYETCS] COBMECTHO C OCHOBHBIMM NPOEKTHBIMM napamerpamu TPH, To
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(akTHUUECKU B Ka4eCTBE OCHOBHBIX MPOCKTHBIX IMapaMeTPOB JBUrATENs B Mpeia-
raeMoi MOCTaHOBKE BBICTYNAIOT IMapaMeTphl, XapaKTepU3yIOIIie Ha4YalbHYIO KOH-
¢durypanumro 3apsaa TPT. C ucnonb30BaHHEM 3THX HApaMETPOB MOTYT OBITH OIpe-
JIeIeHbl 3HadYeHne meneBoi pyHkuuu (1), xapakTepu3yromei KauyecTBO MPOEKTH-
pOBaHUsl, a TaK)K€ OCHOBHbIE XapakTepucTuku PITT.

C y4eToM BBIIIEH3I0KEHHOTO, 33/]a4a ONTUMHU3AINHN MTPOEKTHBIX ITapaMeTpOB
mapmeBoro PJITT B cocrae TPH dopmynupyercs cienyrommm odpazom. Heob-
XOJIUMO OTIPEAETUTh ONTHMAaIbHbIe 3HAYCHHUS TE€OMETPUIECKIX MapaMeTpOB 3apsi-

_*
ma PIATT (Bexktop S ), obecrneumBaromniie MpU 3aJaHHBIX 3HAYCHHUSIX OCHOBHBIX
npoekTHbIX napamerpos TPH (Bektop Ppy ), mpoekTHbIx napamerpos PTT, omn-

TUMH3UPYEMBIX COBMECTHO ¢ mnapamerpamu TPH, u BekTopa C MHUHUMAaIbHOE
3HAaYCHUE CIIEeTYIOIeH 1eeBor HYHKIUH

|(c,5,%)= jc[P(ppH €,8,5,t)= Py (Pow X, t)f -dt — mn ()
0

IpU OIPaHUYCHHUSX:

ceC",C"c=C",

§€§|,§ICSI,

)TeXr,)ZrCXr,

= = n (6)
Per € Fpns Fpy < Fpys

Vi <Voops

F=R(Z),Z=C"xS'xX"xPJ,,

rne C™ —s3amkHyTas o61acTh B JMCKpPETHOM BeKTOpHOM mpoctpanctee C", B

KOTOpPOH MOXET MPUHUMATh 3HAYEHUs] BEKTOp C ; SI , X', P,QH — 3aMKHYTbIE

o0jacTu B JeHCTBUTEIHHBIX BEKTOPHBIX MPOCTPAHCTBAX s, x', Py , B KOTOpBIX
MOIyT HpPUHHMMATh 3HAYEHUs BEKTOPbl S,X, Ppy, COOTBETCTBEHHO; V) —
pacu€THasi CKOPOCTb Ia30BOr0 IOTOKA Ha BBIXOJE M3 KaHaua 3apsana; Vg, —
3HA4YE€HHUE TIOPOTOBOM CKOPOCTH T'a30BOI0 MTOTOKA, IPH KOTOPOH BO3HUKAET 3PO3H-
onnoe ropenne TPT; F = R(Z) — oreparop ¢ 00JaCThIO ONPEICIICHHS Ha MHOXKe-
crBe Z=C"xS'xX" xP%, u o6nactbio 3HaueHuii Ha MHOKeCTBe F , como-
CTaBJSIIOIIMN KaXXJOMY 3JIEMEHTY MHOXXECTBA Z(E,§,)T, Pey )e Z MHOXECTBO BBI-
XOIHBIX XapakTtepucTuk PATT FcF.

Hanuune B orpanndeHnsx (6) HepaBeHCTBA V| < Vg, JaT BO3MOXHOCTb B

pe3yabTaTe ONTUMHU3AIMU 11eJeBOH (QyHKIMK (5) MOIYYHUTh TaKyl HAdalbHYIO
koH(urypanuto 3apsana PATT, nmpu koTopoit obecrieunBaeTcss MAaKCUMAIBHO JOITY-
CTUMOE IO YCJIOBUSIM HE3PO3MOHHOTO TOPEHUs 3aIlOJHEHHE KaMephbl CropaHHs
PATT tomnmBom. Ilpn ganpHeimeM HM3I0KEHUN MaTepHaia yKa3aHHOE HEpaBEH-
CTBO 3aMeHsieTcs paBeHcTBOM fy -V =V, , B KOTOpOM K03hPHIMEnT GesonacHo-

CTH I10 CKOPOCTH JIBHKEHHMS TPOIYKTOB cropanus f, >1.
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Bxongmas B nieneByro dbyHkimo (5) TpedyeMas mporpaMMa U3MEHEHHSI TATH
mapuresoro PATT B, (f)pH X ,t) B 3aBHCHMOCTH OT OCHOBHBIX IPOEKTHBIX ITa-

pametpoB TPH omnpenensiercst mo cooTHomeHuo (4).

Pabouwuii 3amac TomMBa mnﬂi(EPH ), pacxonyeMblii Ha OCHOBHOM PEXHME
paboThl ABUraTels, BEpXHUN Mpelesl UHTErpUpoBaHusl ty.; B LEIEBON (QyHKIUU
(5), paBHBIH MpoIOIKUTEILHOCTH PaboThl MapiieBoro PJITT Ha oCHOBHOM pexu-

Me toc i Ppy ) i -if crynenu TPH B mpeanono)xeHuu, 4To yaenbHas Tsra JBUTaTe-

J B IyCTOTE P%‘fm Ha OCHOBHOM pEXHME pabOThl MOCTOSIHHA, MOTYT OBITh
Ompe/iesIeHbl B 3aBUCUMOCTH OT OCHOBHBIX MPOEKTHBIX MapaMmeTpoB TPH 1o coot-

HOIICHUAM

mnr')li(r)PH):mOi'(l_Hki)’ (7
2-mp; - PR -G
tOCi(r)PH )= mH . (]}-/j_ C )C’ (8)

[IpenBaputensHBIN aHAMW3 1eNeBON GyHKIHHA (5), a TaKKe HATUYAE OTPaHU-
YCHMsI Ha CKOPOCTh ABWKEHUA IPOAYKTOB cropanus TPT Vv, Ha BeIXoIe U3 KaHaja
3apsia, TAe OHA NMPUHUMAeT MaKCHMalIbHOE 3HAa4YeHUe, JENAI0T 1eNeco00pa3HbIM
pasfesieHne BEeKTOopa IeOMEeTpUYEeCKHX MNapaMeTpoB 3apsAja Ha YeThlpe TPYyIMIbI:
5={8.5.%.5%/.

IlepBas rpymnmna (BeKTOp §S;) BKIIOYAaeT IapaMeTpbl, KOTOPBIE OKa3bIBAIOT
HaunOoJiee CyIeCTBEHHOE BIUSHHE HAa U3MEHEHHUE MOBEPXHOCTH T'OPEHUS 3apsijia
TPT BO BpeMeHH U, COOTBETCTBEHHO, TSATH M PACcX0/ia MPOAYKTOB CTOPAaHUS B IIPO-
necce paboThI ABUTaTeNs. DTa rpyMIa napaMeTpoB ONpeAessieTCsl U3 YCIOBUS MU-
HUMyMa LeneBoi GyHkuuu (5). Bropas rpynna (BekTop S, ) BKIIIOYAeT IapaMeT-
PBI, 3HaYEHHs KOTOPBIX HE OKAa3bIBAIOT CYIIECTBEHHOI'O BIIMSHUS HA XapakTep W3-
MEHEHUS TIOBEPXHOCTH T'OPEHUs U rabapuTHbIE pasMepsl 3apsga. JTa Ipymnna mna-
paMeTpoB OOBIYHO 3a4aéTcs MO0 CTATUCTUKE WJIM ONPEHENSeTCs U3 TEXHOJIOTHYe-
CKHX COOOpa)KEHHH ¢ MCIOJIb30BaHHEM HMH(OPMAIMH 10 MPOTOTHIIAM paHee pas-
pabGorannbix 3apsnoB TPT. Tperbs rpynna (BekTop S;) BKIHOYAST IapaMeTphl
3apsifia, ONpeneNnseMble B 3aBHCHMOCTH OT OCHOBHBIX IPOEKTHBIX IapaMeTpOB
TPH u reomeTrprueckux napameTpoB 3apsja NepBod U BTOpoil rpymi. Yersepras
rpynna (BEeKTop S, ) BKJIIOYAET MapaMeTpbl, BBIOOP KOTOPBIX OCYLIECTBISETCS M3
ycIoBHsL 00ecrieueHus] HE3PO3UMOHHOTO TOPEHHsI B KaMepe CropaHus B Ha4aJIbHbIH
nepuoj paboTbl JBUTATENS.

JaemenTbl MaTeMaTnueckoid moaeau PIATT. Jlanee mist ogHOM U3 THIOBEIX
¢dbop™m 3apsna [5, 8] ¢ YeTHIPbMS MIENEBHIMA MPOTOYKAMHU B 00JaCTH TEPEAHETO
JTHUIIA, IPUBEICHHON Ha puc. 1, paccMaTrpuBaeTcs onpeeieHue BCeX KOMIIOHEH-
TOB BEKTOpa §:{§l,§2,§3,§4}, XapaKTePU3YIOIIEro HAaYaJbHYI0 KOH(HTryparuio
3apsna.
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S

—

Puc. 1
B nepByto rpynmy (BexTop S; ) BKJIOUEeHBI mapaMmeTpsl hg u |g, onpenensio-

M€ TEOMETPUIECKYI0 KOHPHUTYpaLHrIO IIENeBOH NPOTOKH, KOTOphIe (POPMHUPYIOT-
Csl METOJIOM ONTHUMH3AIMK B Mpollecce MUHUMH3aUUH 1eieBoi pynkuuu (5). Ko
BTOpOM Irpynrne (BEeKTOp S, ) OTHECEHBI MapaMeTp Oy, 330U IIHPHHY IIeNe-
BOU MIPOTOUKH, a TAKKE PAAUYC Iy OKPYKHOCTH, (GOPMUPYIOLIECH NpU BpaILleHUH
e€ BOKpYT MPOJIOJIbHOM OcH 3apsiia Z 4YacTh NMOBEPXHOCTU FOPEHUS B MepeaHel u
3agHell TopreBbIx dacTax 3apsna TPT. Kak ykassiBanock paHee, 3TH MapaMeTpsl
3a7af0TCsl JTUOO MO CTATHCTUKE, JINOO ONMPENEISIOTCS M3 TEXHOIOTUYECKUX CO00-
paxenuil. K Tperseii rpynme (BekTop S; ) OTHeCEHBI JiIMHA |, ¥ HapyXHBII aAna-

metp 3apsana d, . K gerBeproii rpynne (Bektop S,) otHecéH quamerp d, KaHana

3apsja, ONpelesieMblil U3 yCIOBUAS He3po3uoHHOro ropenus TPT B kamepe cro-
panus PITT.

Takum oOpa3om, Ui ompeesieHUs] HauadbHON KoHGuUrypanuu 3apsaa TPT
npu cPOPMUPOBAHHBIX 3HAYCHHUSAX T'€OMETPHUYECKHX MapaMeTpOB, OTHECEHHBIX K
nepBoil S; M BTOpoil S, rpymnmnam, HEOOXOAUMO ONPENEIUTh NapaMeTPhbl TPEThEH
S; M 4eTBEPTOH S, IpyMIL

YMeHbIIEHHE IUIOIAAU MPOXOJHOIO CEUEHHUs KaHalla 3apsja, JUKTYyeMOoe
TpeOOBaHNEM MaKCHMAIILHOTO 3allOJHEHUS IBUTATENS TBEPIBIM PaKeTHBIM TOILIN-
BOM, TIPUBOJUT K YBEJIWYEHHUIO CKOPOCTU JIBHKEHHS MPOIYKTOB CTOpaHUs, KOTO-
pas NpUHUMAaeT MakCUMAaJlbHOE 3HAYCHME Ha BBIXOJAE U3 KaHaya 3apsana. Ilpu no-
CTH)XEHMH CKOPOCTBIO IIOPOTOBOrO 3HA4eHHUs Vi = Vg, BO3HUKACT PO3HOHHOC

roperne TPT, oCHOBHbIMU ITPUYMHAMM BO3HUKHOBEHHSI KOTOPOTO SIBIISIOTCS PE3-
KO€ BO3pacTaHue TEIUIONOABOJIA K ITIOBEPXHOCTU T'OPEHMSI, aKTUBU3UPYIOLIETO XU-
MHUUYECKUE PEaKIMH, a TaKKe CAyBaHHE KHJKUX M MEHOOOpPa3HBIX YacTHI] C IO-
BEPXHOCTH TOPEHHUSI BBICOKOCKOPOCTHBIM Ta30BBIM IMOTOKOM [8, 9]. Yka3aHHble
(hakTOPBI BHI3LIBAIOT PE3KOE BO3pacTaHue JaBjicHus B kamepe cropanus PJITT u B
KOHEYHOM MTOr'€ MOTYT IIPUBECTH K AaBApUIHON CHTyalMu Ha HAYaJIbHOM JTalle
¢yakunonupoBanus PATT. B cBsi3u ¢ 3THM MHHUMalbHOE 3HAYCHHE IUAMETpPa
KaHasia 3apsja d, JODKHO ONpENeNaThes C y4ETOM MEpPEYHCIICHHBIX BbIIIE (ak-

TOpPOB, @ UMEHHO, M3 YCJIOBHA 00ECHeueHHs HE3PO3MOHHOTO TOPEHHUSI B Kamepe
cropanua PJTT. Ilo mepe pasropanus 3apsga TPT u yBenudenus 3a cué€r 3toro
IUIOIA/IM TMPOXOJHOTO CEYEHUs KaHajla CKOPOCTb 00/yBa MOBEPXHOCTH TOPEHHS
YMEHBIIAETCS U 9PO3NOHHOE TOpeHue npekpamaetcs [8].

TeueHne MPOAYKTOB CropaHusi B KaHaje 3apsa MOXET ObITh ONMCAHO CUCTE-
MOW ypaBHEHUI ra3oBoi AMHAMUKH B YaCTHBIX MPOU3BOJHBIX [8]. OxHako e€ nc-
M0JIb30BaHUE HAa HA4YaJIbHOM JTarne npoektuposanus TPH nHarankuBaeTcs Ha 3Ha-
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YHUTENBHBIC TPYIHOCTH, CBS3aHHbBIE C (POPMYIUPOBKOW IpaHUYHBIX yCIOBUH, HEOO-
XOJUMOCTBIO PElIeHHs KPaeBOW 3aJayuu IS ATOH CHCTEMBI, a TAK)KE OTCYTCTBUEM
HEOOXOUMBIX UCXOIHBIX JaHHBIX. B OONBIIMHCTBE MPAKTHYECKH BAKHBIX CITyda-
€B CHCTeMa ypaBHEHHI Ta30BOM JMHAMHUKH MOXKET OBITH YIpOIIEeHa Ha OCHOBE T'H-
MOTe3bl KBAa3WCTAIMOHAPHOCTH, T. €. MPEAINONIOKEHNUS O TOM, YTO HEOTHOPOIHO-
CTH, OOYCIIOBJICHHbIE HEYCTAaHOBHUBIIUMCS TeueHHeM NpoaykTos cropanus TPT,
npereopekumo maisl [6, 8, 10]. Mcmonb30BaHue 3TOM TMIIOTE3bI IO3BOJISIET OIIPE-
JENUTh W3MEHEHHE Ta30IMHAMHYECKHX MapaMeTpoB MOTOKAa B KaHajle 3apsaa B
pe3ynbTaTe pelieHus CHCTEMBI OOBIKHOBEHHBIX MU((hepeHInaIbHbIX YPaBHEHUN
[8]. OmHako B 3TOM CiIy4ae BOHHUKAIOT TPYAHOCTH, CBSI3aHHBIE C MHOTOKPATHBIM
pelieHreM KpaeBor 3a7jaud B MpOIlecce ONTUMHU3AINN TeOMETPHUECKUX IapameT-
pos 3apsiga TPT.

C y4€ToM BBHIIEN3NIOKEHHOTO MPAaKTHYECKUH WHTEepEeC MPEICTABIAET Mpea-
raeMblil Jaee MoIXO0J], TTO3BOJISIONINNA B TIEPBOM MPUOIMIKCHUN TSI HAYAIIBHOTO
stana npoektupoBanus TPH ompenennTs MUHHMAaabHO ONMYCTHUMYIO ILIOIIAIb
MIPOXOHOTO CEYEHHs KaHalla M HAYaJIbHYI0 KOH(QUTYpALHIO 3apsiaa, Ipyu KOTOPOit
B kamepe cropanus PIITT He Bo3HuKaeT 3po3uoHHOro ropeHust TPT B HayanbHbIN
repro paboThI ABUTATEIS.

B npennonoxxeHnu, 9To B KaHalle 3apsAAa OTCYTCTBYET 3PO3HOHHOE TOpeHue
TPT, cymMMapHBIii CCKYHIHBIN IA30IPUXOA My, C IIOBEPXHOCTH TOPEHUS 3apsijia B

Haydaje OCHOBHOTO peXxuMma paboThl IBUTaTelNsi MOXKET ObITH ONpenes€éH Mo COOT-
HOILICHHIO

m —PLHH— .V .n.dl§+ -u ( )VS (9)
np = P,-,gcm = Pkan " Vk 4 Pm U -P K 1
Y

TI€ Pyan » Vk — IUIOTHOCTH U CKOPOCTb MPOJYKTOB CrOPaHHs HA BBIXOJE U3 KaHa-
J1a 3apsna; py, — wotHocts TPT; Uy, v —mapamerpsl 3akoHa ropenus TPT, p —

JIaBJICHHE B TIPE/ICOMIIOBOM 00bEMe Kamepsl cropanus PIITT.
s HadanpHOTO dTana npoektuposanust PITT B mepBom npuOimxeHnn 1aB-
JIEHHE B TIPEJICOMIIOBOM 00BEME MOXKET OBITh MIPHHATO PABHBIM JABJICHUIO TOPMO-

*
KEHUs P = Py, A€ Py — JaBICHUE B KaMepe CropaHus, ONTUMU3UPYEMOE COB-

MECTHO C OCHOBHBIMH IPOEKTHbIMU nlapameTpamMu TPH.
Bxonsamas B cooTHomenue (9) cyMMapHas IUIOIMIa[b MOBEPXHOCTH TOPEHHUS
TOPLIEBON 4acTH 3apsaia, oOpalléHHON K COILIOBOMY OIOKY Sy, MperoaaraeTcs

COCTOSIIIEH M3 ABYX YacTel, OfHa U3 KOTOphIX — S, (opmupyercs BpalieHueM
YEeTBEPTH OKPY>KHOCTH

@)% +ly - (r, —rg)f =r& (10)

BOKPYI' IPOJOJIBHOM OCHU 3apsiia Z, a BTOpas 4acTh MOBEPXHOCTH TOPEHUS Sy

HpEeACTaBIsAeT COOOH IUIONIAAb KOJbIA, BHEIIHUH JHAMETP KOTOPOro paBeH
d, =d, —2-ry, a BHyTpeHHHUI — TnamMeTpy KaHana 3apsana d

S =S, +S,. (11)

Bxonsmas B cootHomenue (11) miomans koapla Sy, ompenensercs mo cle-
IyIOIIe 3aBUCUMOCTH
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Sa =7-|(r, ~1e)? 2], (12)

rae I, —HapyHbli paguyc 3apsana TPT; r, — panuyc xaHana 3apsza.

YacTh miomaa TOpoBOi MOBEPXHOCTH, 00pa3yomiell TOBEpXHOCTh TOPEHUS
B TOPLIEBOW YaCTH 3apsi/ia, ONpeneisieTcs Kak MIomagb MOBEPXHOCTH BPALEHUS 110
COOTHOLIECHHIO

Sm:2-n-rck-[g-rz+rck-(l—gﬂ. (13)

Hapyxusiii panuyc 3apsna TPT r,, Bxogsmuii B popmyist (10) — (13), onpe-
JeInsieTcs 3aBUCHMOCTBIO

r; =I +€nax- (14)

MaxkcumanbHas TOJNIIMHA CrOPAIOLIETO 3a MEPHOJL MOJHOIO BPEMEHH PabOThI
PATT cBona 3apsna €, MOXKET ObITh ONpEEIeHa CAEAYOINM 00pa3oM.

B cnydae ecnu HavanbHas koHpurypanus 3apsga TPT BeiOupaercs u3 ycio-
BUsl obecrieueHHs OJM3KOTO K MOCTOSHHOMY JaBJICHHSI B KaMepe CropaHusl B IPO-

riecce paboOTHI ABUTaTENs Py (t)z CoNnst, To MakcuMalbHas TOJIIIUHA CTOPEBIIErO

CBOJIa onpeaensieTcs: opMyon

emax:ul'(pk)v'toc' (15)

Ecnu nauanenas xondurypanus 3apsga TPT BeiOupaercs u3 yciosusi obec-
ImeueHusi OJIM3KOT0 K HHHCﬁHOMy HN3MCHCHUA HaBJICHUA B KaMEpC CropaHus BO
BPEMEHH pk(t)z K-t + Py, TO MaKCHMasbHas TOJNIIMHA CTOPEBIIETO CBOJA €,y

OIpeaACIUTCA COOTHOIICHUEM

ul'[(pkn +K 'toc " _(pkn)v+l]
K-(v+1)

tOC
\%
€max = J-ul'pk(t)'dt: ! (16)
0
IJle BEPXHUI Mpenesl WHTerpUpoBaHUs .. ONpedessieTcss B 3aBUCUMOCTU OT OC-
HOBHBIX MPOEKTHBIX NapameTpoB TPH o gopmymnam (7), (8).
JlaBieHHe B KaMepe CropaHusi Py, IpH 3aJaHHON BEIMYHMHE TATHU B Hadaje

OCHOBHOTO pekuMa pabotsl PIITT onpemessierTcs o COOTHOIIEHHUTO [6, 9]

pkn = 1
P Ao

rae y — koadduiment terionoreps B kamepe cropanus PITT, 3amaBaemsbrii Ha

HAYaJIbHOM 3Tare MPOEKTHPOBAaHMUs B MCXOIHBIX JaHHBIX; R —ra3oBas mocrosH-
Has npopykros cropanus TPT; T, — temneparypa ropenus TPT: K, — mnomans

KPUTUYECKOTO CEYEHHS COILIa.
Koa¢pdunnent ucreuenust A, B cootHomeHnd (17) naeTcst 3aBUCUMOCTBIO

(18)
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rae K — mokaszareib H303HTPOIIBI TPOAYKTOB CTOPAHHS.
Bxopsmmii B cootHomenue (16) mapamerp K ompenensiercs mo gopmyie

K = Pin (1_C)
C'toc

HapaMeTpLI Ta30BOI'0 MOTOKAa Ha BBIXOAC M3 KaHaJIa 3apsaJia — IJIOTHOCThb pkan

(19)

" CTaTHYCCKOC JAaBJICHUC pkan — MOT'yT OBITH OIpEACIICHBI C ITIOMOLIBIO U3BECTHO-

T'0 W3 ra30BOW MuHAMUKHU UHTerpana Jlarpamka—bepuymm [8, 9] u razonnHamude-
ckux Qynknui [10]:

k_1 k/(k-1)
= J1=2 =2 ,
pkan pkn ( k+1 j
k P
T 4 Mkan
Pran = k=1 _, (20)
ke
kel LT aT
M=o =
<" V.R-T.
K+1 X ¢
CKOpOCTh TIPOAYKTOB CrOpaHMs Ha BHIXOJE W3 KaHama 3apsafa B (opMmyrax
Vnop

(20) npuHUMaeTcs paBHOH V| = , IPH KOTOPOU Ha BBIXOJE U3 KaHaja 3apsaa

Vv
HE BO3HHKAET 3p03uoHHOr0 ropenus TPT.

C ucnonb3oBanueM cootHomenuit (9) — (20) MoryT ObITh ONpeAeICHbI PaIH-
yC KaHaja I, U Hapy»KHbIH paauyc 3apsja I, .

[Monnas umHa 3apsaa |, npu chOpMHPOBAHHBIX 3HAYEHHSX OCHOBHBIX IIPO-
eKkTHbIX mapameTpoB TPH, mapamerpoB mepBoil S; u BTOpoil S, TPy U pajuy-
COBI, U [, OHpeneNseTcs Jajee U3 yCIOBUS pa3MelleHHs pabouero 3amaca TOII-
suBa B kamepe cropanust PATT. [{ist 3Toro Heo0X0AUMO ONpeAeIuTh CBOOOAHBIN
(ue 3anaTeiil TPT) 00béM V,, B 0011aCTH LIENEBBIX IPOTOYEK

VCV=(2-hs-83—8§)-ls+4-[Fk—%-(b—a)]ls, (21)

IJIe IePBOE cjlaraeMoe OIpelessieT CBOOOHbIH 00BEM B 00J1aCTH IIEIEBBIX MPO-
TOYEK, a BTOPOE ClIaraeMoe — OCTaJIbHOW 00BEM, CO3/1aBacMbIil KaHAJIOM 3apsi/ia.

Bxomsimue B cootHomenue (21) BenuunHbl @ U b onpenensoTes cooTHOIIIe-
HUSIMHA

.0
a=—=, Db=r.-cosa, a=arcsin——. (22)
2 21,

OpnHa gyeTBépras 4acTh IUIOLIAAU [IPOXOJHOTIO ceueHus F, , KoTopas HaxoauT-

o 2 2
Cs ITOJ, AYTOH OKPYIKHOCTH Y = 4/ — X" , OIpEeACIASTCS 110 3aBUCHMOCTH
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, (23)

b
2 2 1 2 o2, .2 X
Fo=|rS—Xx“-dXx==-| X415 —X° +r/ -arctg] ———
k k 2 k k 2 2
a e =X

B KOTOPO#1 TIpeIe)ibl MHTETPUPOBaHUs & U b 3amat0Tcs cooTHOImEHusIMH (22).
O0BéM V,,, u Macca TOIIUBA My, gy, PACIONAraeMoro B 00JIACTU PACIIOIIO-

a

JKCHHUS HICIJICBLIX ITPOTOYCK, OIIPCACIIAIOTCS 11O CIICAYIOIIUM 3aBUCUMOCTAM!

Vm = Vckr + Vcil _ch ) (24)

M sh :Vm “Pm> (25)

rae Vg, —00BEM Tena BpallleHHs, CO37aBacMblii BpallleHHEM BepxHeil uacTu
OKPY>KHOCTH, omnpenensieMoit popmynoit (10), Bokpyr npoaoapHO# ocu 3apsiaa Z;
V.| — 00BEM IMIMHAPUYECKON YaCTH 3apsia B 00JIaCTH LIETEBBIX IPOTOYEK.

OO0BEMBI Vi, U V| OHpenensoTcs COOTHOIECHUAMU

lek

2
Ve =n-J‘(b+,/rczk—x2j -dx:n-(bz-rck+g-b-r§k+§-r§’kj, (26)

0

ViI =Tc'r22'(|s_rck)’ (27)

C

b=r, —rg. (28)
O0béM V,,, u Macca M,,, TOIUIMBA, PAcIOIaraéMoro B CKpyIJiI€HHOI yacTu
3apsiaa, 0OpaléHHOM K COINIOBOMY OJIOKY, BBIYUCISIOTCS 10 (hOpMyIIaM:
2
Vinz =Vekr =TTk Tekr+ Mmz =Vinz Pm- (29)

O0BEM V¢ ¥ Macca My, TOILIMBA, PACcIOIAraéMoro B LIINHIPUYECKON

YacCTH 3apiaa, ONpCACIIA0TCA aHaJIOTHYHBIMHA 3aBUCUMOCTIAMU

Vincil = Tf'(rzz —r¢ ) lgit v Mmcit =Vl "Pm - (30)

C yuérom cootHomienuit (29), (30) MoryT ObITH B KOHEYHOM HTOTE OIpeese-
HbI JUIMHA UINHIPUYECKON YacTh | W moiHas anuHa 3apsija |,

p
Mm

ﬂ3'pm'(r22_rk2) ,

—-m m

msh ~ ''Imz

IciI = Iz :|s+|cil +rg- (31)

PaGounii 3anac TormBa MY B coorHomenuu (31) B 3aBUCHMOCTH OT OCHOB-
HBIX TPOEKTHBIX MapameTpoB | -ii crynenn TPH onpexpenseTcs mo cOOTHOIICHHIO

().

C wucnonbp3oBaHWEM NPHUBEICHHBIX JJIEMEHTOB MaTEeMaTHYECKOH MOAEIn
PATT na HauanesHOM 3Tane npoextupoBanust TPH mMoxxeT ObITH MOTHOCTBIO Onpe-
JiefieHa HavajbHas KOH(GUIypaLus 3apsaa ¢ YeTHIPbMS IIENEeBBIMU IPOTOYKaMH B
o0nacTy mepeaHero AHUINA, 00eCHeynBaromas MakKCUMalbHOE M0 YCJIOBUSIM He-
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3PO3MOHHOI0 TopeHus 3anoyiHeHue MapiieBoro PIITT TBEpAbIM pakeTHBIM TOTUIH-
BOM.

AJroput™M omnpeneneHuss HavyajabHOl kKoHurypaumu 3apsiga PIATT.
OO600ImENHBIA aNTOPUTM OMpEEIeHNs HadallbHOW KoHpuryparun 3apsaa TPT ¢
IIeJIEBBIMI TIPOTOYKAMH B 00JIACTH TIEpEIHETO JHUIIA MOYKHO TPEACTABUTH B Clie-
IYIOIIEM BHJIE.

1. ®opMupYIOTCS UCXOAHBIC TaHHBIC, TIPY 3TOM 33/Ial0TCS;

ycm
— OCHOBHBIE XapaKTEPUCTHKH mOi,P}’}ai

yF¢ »X ¥ TIpOEKTHBIE IapaMeTpbl
i -it crynenn TPH v i, i Pei G

— xapakrepuctuku TPT pp,,u;,v u npoaykros cropanust R, T, K, a tawxke
BEJIMYMHA [IOPOTOBOM CKOPOCTH V,

nop °
nue TPT;

— k03¢ GHUIMEHT 6e30MaCHOCTH MO CKOPOCTH IBMYKEHUS MPOIAYKTOB CrOPaHHSI
Ha BBIXOJIE M3 KaHana 3apsgaf, >1;

IPY KOTOPOH BO3HHUKAET HPO3HOHHOE TOpe-

— 3HAa4YeHUsI TapaMeTpoB MepBoil Ny, | 1 BTOpOit dg, I, IPYNH, XapaKTepH-

3yI0lHMe Ha4albHY0 KOH(GUTYPAIHIO 3apsfa;
— TpebyeMasi TOUHOCTh € PELICHHUS TPAHCUEHICHTHOTO ypaBHeHus (9);

2. OmpeenseTcst ¢ UCMOAB30BaHUuEeM cooTHotnenuit (2), (17), (18) maBnenue B
KaMepe CropaHusi Py, M Tara B mycrote mapmeoro PJITT i-it crynenn Pl
TPH B Hauane ocHoBHOTO pesknma padoter PJITT.

Vnop

3. ITo coornomenusm (20) mpu Vv = OTIPEAETISIOTCS Ta30INHAMUYECKHE

\
HapaMeTpsl IOTOKa MPOJYKTOB CTOPaHHs Ha BBIXOJE U3 KaHala 3apAaa Pran s Pkan -

4. 1o cootHomeHMIO (8) ompenemnseTcss MPOAOKATENEHOCTh PabOTHI Mapiie-
Boro PITT t,, Ha OCHOBHOM peXHME.

5. [IpousBonutcs cpaBHenue mapamerpa (; ¢ 1. Ecim §; =1, To Makcu-
MaJIbHas TOJIIIMHA CTOPEBILErO CBOAA €., OIpENenuTcs cooTHoueHueM (15), B

MIPOTUBHOM CiTy4ae — cooTHoeHueMm (16).
6. 3agarorcss HavalbHOE 3HAYEHHME pajuyca KaHala 3apsna [l U BeJIMYMHA

[IpUpaLIeHus pajuyca KaHaja 3apsiaa Ary .
7. Ilo cootnomenusim (11) — (14) ompenensroTcs MIOMAAb MOBEPXHOCTH TO-
pEHUs TOPLEBOH 4acTH 3apsaa, 0OpalEHHON K COITIOBOMY OJIOKY Sy, M HapyX-

HBIH paamyc 3apsga TPT r, .
8. C ucnonp3oBaHueM cooTHoleHus (9) ompenensercs npu r, =r,, HeBs3Ka
01 110 3aBUCUMOCTH

H
I:)OCH

2
81 = Pyan Vi "7 Tk +Pm'U1'(Q<i)V‘Sk—Pnycm : (32)
y0
9. Onpenensercs paauyc y, 1m0 GopMmyme o =TIy q + Al .
10. C ucnonb3oBaHueM cOOTHOIICHUS (32) onpenensieTcs Npu I, =, HEBA3-

Ka 0.
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11. Onpenensercst 3Hak npoussenenns (8;-8,). Ecmu (8, -8,)>0, 10 ocy-
IIECTBJIAETCA NIEPeX0o Ha 1. 12, B IpOTHBHOM ciiydae — Ha 1. 13.
12. IlponsBoauTcs cpaBHEHUE BETHYMH |81| u |62| :

Ecmn |61| >|82|, TO Iapamerpy O, IpUCBAUBAETCs 3HAUY€HHE O, , ApaMeTpy
My — 3HAUYEHHUE I, M OCYIIECTBISIETCA Mepexon Ha 1L 9.
Ecnu |81| <|82|, To TlapameTpy Arj NpHCBaWBaeTCs 3HaueHue (—Ary ) u ocy-

IIECTBIIAETCS Mepexoa Ha 11. 9.
13. Onpenensiercs napamerp r, no Gpopmyne

MNe2 — T

Mee =Ta =871 ° :
8y =9

14. Tlo cootnomenuro (32) npu I =TIy, ONPEAENIeTCs HEBA3KA O, .

15. [IpousBoauTcs cpaBHEHNE BETHIUH |8r| ue€.

Ecmn |8,| > €, TO mapameTpy O; MIPHCBAMBAETCS 3HAYECHUE O, , HAPAMETPY [y g
— 3Ha4yeHue [y, , napamerpy O, IpUCBAUBAETCs 3HAUCHHUE O, , apaMeTpy [y, —
3HAa4eHUE [, M OCYILECTBIAECTCA Iepexo Ha 11.13.

Ecnn |8r | <€, TO pauyc KaHana [, IPHUHUMAETCA PaBHBIM 3HAYECHUIO I, U

OCYILIECTBIISIETCS epexo Ha 11.16.

16. Tlo cooTHomIeHUAM (22) ONPeNeNsIOTCs mapaMeTpbl a u b.

17.Tlo cootHommeHuto (23) ompexdensercss OIHA YETBEPTasl YACTh ILIOIIATH
IPOXOJHOro ceyeHus Fy .

18.Tlo cootnomenuto (21) ompexpensiercsi cBoOOAHBIN (He 3aHaTeid TPT)
00BéM V,, B 001aCTH LIENEBBIX IPOTOYEK.

19. Tlo cootHommenusM (26) — (28) onpenensrorcst 00bEMBI Vi, U V)
20. ITo coorHomenusM (24) — (25) onpenenstorcs 00bEM V,,, ¥ Macca My, gp

TOIIMBA, PACIIOIAraeMoro B 00JaCTH PacHONOKEHHs IEJIEBbIX IPOTOUEK.
21. Ilo cootHomeHusM (29) ompenemnstorcst 00bEM V,p,, U Macca My, , TOIN-

JIMBa, PACIoaraeMoro B CKPYIJIEHHOW YacTH 3apsiaa, oOpaméHHONW K COIUIOBOMY
OJI0KY.
22.Tlo coorHomenusam (30) ompexpenstorcss 00bEM Vi, i U Macca My, G

TOIUTHBA, PACIIOJIATaeMOTO B IMIMHIPUICCKON YacTH 3apsija.
23. Tlo cootHomeHusiM (31) ompenensroTcs IIMHA MHJIUHAPHYESCKONH YacTh
| ¥ monHas juMHA 3apsana |, .

Pa3paboTaHHbIl aITOPUTM MO3BOJSET C TOYHOCTBIO, HEOOXOMUMOW ISt
HaYaJIbHOTO JTarna MPOCKTHPOBAHHS, ONPEACIUTh HAuallbHYI0 KOH(UTYypaIuio 3a-
psaa TPT ¢ wmieneBsIMH MPOTOYKAMH B OOJIACTH MEPEIHEr0 THHIINA MapIIeBOIO
PATT i -it crynenu TPH.

BeiBoasl. ChopmynupoBaHHas 3aa4a ONTHMU3ALIH [IPOSKTHBIX TapaMEeTPOB
mapiueBoro PATT i -it crynenn TPH, pa3spaboraHHbIe 3JIeMEHTBI MaTEMaTHYECKOM
MOJIENIM U AJITOPUTM OIpeaeNieHus HauaidbHOl KoHpurypanuu 3apsiga PATT c me-
JIEBBIMH POTOYKAMH B 00JIaCTH MEPEAHEro AHUIIA KaMEphl CTOPaHHs MOTYT OBITH
UCIIOJb30BaHbl Ha HAYaJIbHOM 3Tale MPOSKTUPOBAHUS NPH ONTHMHU3ALUU OCHOB-
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HBIX MPOEKTHBIX IMapaMeTPOB U MPOTPaMM YIPABICHHUS TBEPAOTOILTUBHBIX PAKET
Pa3TMYHOTO Ha3HAYEHUS, MPEeTHA3HAYCHHBIX IS PEIICHHS IHPOKOTO KpyTa Iee-
BBIX 33]1a4.
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