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ANFOPUTM NMNAHUPOBAHWUA MEPOMPUATUN MO
NnoaroToBKE KOCMOHABTOB MKC!

Jlazapes A.A.2
(Vupeoicoenue Poccuiickoti akademuu nayk Mncmumym npobnem
ynpaenenus um. B.A. Tpaneznurxosa PAH, Mockea, Mockogckuil
Tocyoapcmeennviii Ynusepcumem um. M.B. Jlomonocosa, Mockesa;
Mockosckuil puzuko-mexHuyecKutl UHCIMUmMym 20¢y0apCmeeHHblil
yHugepcumem, Mockea, Bvicwias wikona skonomuxu Hayuonanvhoiu
uccieoogamenvckuti ynugepcumem, Mockea.)
Couoryd A.A.°
(Mockoeckuii Tocyoapcmeennwiti Yuusepcumem um. M.B.
Jlomonocoea, Mocksa; Yupesxcoenue Poccutickou akademuu Hayk
Hncmumym npobnem ynpasnenus um. B.A. Tpanesnuxosa PAH,
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B pabome paccmompena 3adaua no naanupogaHuio Meponpusmul
nod2omoexku Kocmonasmos. Paspaboman nooxoo ons cocmaenenuis
naana sanamuil. Tlposedena oyenxa npumMenuMocmu papabomano-
20 nooxooa.

KnroueBble ciioBa: Teopus paclMCaHHiA, ONTUMHU3AIINS, )KATHbIC aJro-
PUTMBI, TTaHupoBanue, N P-TpyaHOCTS.

BeedeHue

[Tpu nnanupoBanuu meponpustuil Ha MKC Ba)XHBIM dTanom siB-
JSIETCST TIPOIECC TOATOTOBKA KOCMOHABTOB K ToneTy. Ha aTtom sTame
HEOOXOIMMO BBIOPaTh, KaKue PadOTHI MOPYUUTh KaXKIOMy KOCMOHAB-
Ty. MI3B€CTHO, CKOJBKO BpEeMEHU HEO0OXOIUMO MJISl MOATOTOBKHU Kax-
JIOTO M3 KOCMOHABTOB IO Ka)KAOH M3 padOT, TaKkKe U3BECTHO, CKOJIBKO

! Mexcoynapoonas Kocmuueckas Cmanyus.
2 Anexcanop Anexceesuu Jlazapes, npogpeccop (jobmath@mail.ru).
3 Anexcanop Anexcandposuy Conozyd, cmyoenm (sologubl10@gmail.com).
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3aliMeT TPEHUPOBKA, YTOOBI MUJIOT OB TOTOB BBHIOJIHUTE PaboTy MpH
JIOITyCTUMOM HJTH CpeHeM KauecTBe. BaXHBIM rmapaMeTpoM Tako 3a-
Jlau SIBISIETCS. BpeMsl, KOIia TOJDKHA 3aKOHYMTHCS TIOATOTOBKA M BCE
JOJDKHO OBITH TOTOBO K TIOJIETY.

1. NocmaHoeka 3adaqyu

[lycte moneTHOE 3allaHME COCTOUT W3 MHOXKECTBA OIeparui
N = {1,...,n}, KOTOpBIC HY)XHO PACIPEACIUTH MEXKITy KOCMOHABTa-
mu M = {1,...,m}. I3BecTHO BpeMmsi, KOTOPOE HEOOXOIMMO IS IO/
TOTOBKHU KOCMOHaBTa j € M must paboTsl ¢ € N, B 3TO BpeMs paBHO
p(%,74,q), toe q € {0, ..., k} — Ka4ecTBO, C KOTOPHIM KOCMOHABT CMO-
KET BBIMOJHUTH JaHHY0 padotry. O4eBHIHO, YTO BCSI TPEHUPOBOYHAS
IporpamMma J0JDKHA 3aKOHYUTHCS 0 MOMEHTa CTapTa KOCMHUYECKOTO
kopabnst C. TpeOyercsi Tak OpraHM30BaTh TPEHHUPOBOYHOE pacCIHCa-
HUE, 9TOOBI Pa3dpOC MEXy OKOHYAHUSIMH TPEHUPOBOK KOCMOHABTOB
ObUT MHHHMAJICH.

minimize ¢

(1) SUb_]eCt to C— Zzp i .7 q (Za.ja Q) < 57 .]: 17"'7m7

q=1 i=1
m k
2) ZZx 1,7,q) =1, 1=1,...,n,
j=1q=1
3) (i, j,q) = {0,1},

rne x(i,j,q) — OuHApHas TepeMeHHasi, paBHast 1, eciu i-Tas pabora
Ha3Ha4YaeTcss KOCMOHABTY j, a MOArOTOBKA HJIET MO Ka4eCTBY ¢, W
paBHasi 0 B IPOTHBHOM CITyYae.

Jannas 3anada sigisiercss N P-TpyAHOU B CHIIBHOM CMBICIIE, 110~
ATOMY J1t000M anroput™ OyAeT MPHUBOAUTH K SKCHOHEHIIHAIBHO pac-
Tywiel TpynoeMkocty [3], mpu npeznonoxkenuu, uto P # NP.

2. Anzopumm

Beenem BciomoraresnbHy O (YHKIHIO 5{ ,1E€EN,j€ M.
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Omnpenenenne 1. Qyuxyusi 67, i = 1,...,n, j = 1,...,m, onu-
cvisaem omcmyn om épemeny OKoHYanus obuyeli no020mosKu j Koc-
MoHasma, npu dobasnenuu emy obyueHus no i pabome.

“)

' &, —p(i,j), ecnu mor 2omosum j kocmonasma no i pabome;
5=
/L‘ - .
J
51, 8 NPOMUBHOM ClIyHae. ‘
B rxauecmee nauanvnoco yciogus ons eécex j = 1, ..., m gozomem 5(3) =

C.

3ameuanue 1. OynknU0 517 MOKHO 3amucarb B BHIE (55 =
&7y — p(i,§)x (i, 5).

Jnst ka0l paboThl ¢ OyaeM MOCIEABATENBHO MCKaTh Pa3HOCTh
MEXy MHHEMAIBHBIM M MaKCHMAIbHBIM 3HaueHHeM QyHKIUU & U
BBIOMpaTh TaKyl0 IOACTAHOBKY paOOTBl KOCMOHABTY, IIPH KOTOPOM
3HaueHue (4) sBIgeTCs] MUHUMAaIbHBIM. TakiuM 00pa3oM CBOAKM HaIly
3a7a4y K CIeAyroeii:

minimize maxd! —mind), i=1,...,n,
jEM JEM

subject to (1), (2), (3).

Jis perieHust 3a1a4M MOXKET OBITH IPUMEHEH KaIHBI allTOPUTM.
Kanuelit anropuT™ siBIIAETCS MPUOMIKEHBIM [ 1, 2].
AaroputMm 1 (Pacnpenenenne paboT Mex a1y KOCMOHABTAMH).
. 3amaem p(i,j5),i € N, j € M;
. 3anaem C}
. 5{) =C,je M,
.x(i,j) =0,i€ N, j € M,
.fora< 0Oton
.lock =0
.for b < 0 tom
.forc <+ 0tom
9.if b = lock
10. 015 = C — p(i, 7),
11. else 017 = 05_;;
12. endif
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13. endfor A A

14. dev[b] = max; 617 — min; 017;

15. lock++;

16. endfor

17.i* = arg(min; dev|j]);

18. for i< 1tom

19. 6, = 615.;

20. endfor

21. 2t =1,

22. endfor

Ha »rame nHMIIMAaNMM3auy 3aaeM HadajJbHbBIE YCIOBUS IS 66 B
cooTBeTcTBHUE ¢ OnpenencaueM | u 3amoaHsIeM MacCUB OMHAPHBIX TIe-
PEeMEeHHBIX 2 (1, j ) HyIeBbIMH 3HAYCHUSIMH. BHEIIMHIT LUK 110 cueT4n-
Ky a OTBEYaeT 3a MPOJABIDKEHHE 10 MHOXKeCTBY pabor N = {1,...,n}.
B Tene oCHOBHOTO MHKJIA TIPOUCXOIUT IOCIEIOBATEIBHAS IMOJCTA-
HOBKa Pa0OThI C MHIIEKCOM ¢ KaXXJAOMY M3 KOCMOHABTOB, IUISl 3TOTO
BBOJIUTCS BCIIOMOAreabHas (QyHKIus § 1?, KOTOpasi XpaHUT 3HAYCHIS

(GyHKIMM &7, U1 BCEX BO3MOXKHBIX MOJICTAHOBOK PaOOTHI & KOCMOHAB-
tam. Jlanee HaxomuTca mepeMeHHash dev, B KOTOPYIO 3allHCHIBAETCS
Pa3HOCTh MEXJYy MaKCHMAIIbHBIM ¥ MUHHMATBbHBIM 3HaYCHUSMH 1.
Takum 00pazoM MBI HaxoguM pa3dpoc GyHKUMHM 1 TpU Ha3HAYECHUU
paboTHI @ KaXXIOMY M3 KOCMOHABTOB. B mTore pabora a HazHadaeTcs
TOMY KOCMOHABTY, Y KOTOPOTO 3HaYCHHE dev MUHUMAIBHO. Tpynoem-
KOCTh TaKoro anroputma coctasiser O(m?n). B cinyuae 3aiay, cBs-
3aHHBIX C TUIaHUpoBaHueM orepanuii Ha MKC, uncio kKocMOHaBTOB
ropas3 0 MEHbIIEe Yncia paboT, KOTOpble UM IPEACTOUT BHITIOIHUTE.
[TosTOMyY anropuTM MOXKHO CUHTATh JHHEHHBIM I10 YUCITy padoT [2].

3. Job6aesneHue donosiIHUMesbHbIX ycroeull npu
cocmaeJsieHuUU pacnucaHusi

PaccmoTpuM ciyyaif, Koraa Hy»KHO YYUTBIBaTh €Il€ U JONOIHH-
TEeJbHBIE YCIOBUSA (K MPUMEPY 3TO MOXET OBbITh yCIIOBHE Ha CTPOTOE
He3alas3AblBaHUE IOJIHOIO BPEMEHM IIOATOTOBKH KaXJIO0I0 W3 IHIIO-
ToB). Bynem neficTBOBaTh 10 ONMMCAaHHOMY paHee alTOPUTMY, IPH ITOM
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YUHTBIBAs BBIIIOJIHEHUE JOINOIHUTENIBHOIO YCIOBUSA 5{ > 0. Ecin Ha
KaKOM-HHOYIb IIare 3TO YCJIOBHE IEPECTAaeT BBHITOTHATHCS, TO 3aIlH-
ChIBaGM HOMEp JaHHOTO IIara B MamsTh Kak b = ¢, T.e. Kak 3HaUCHHE
TpaHUIBI BHITOJHEHUS JaHHOTO ycnoBus. Jlns mara b ctaBum mon-
TOTOBKY 110 pabote Gosiee HU3KOTO KauecTna, T.€. TAKYI0, II0 KOTOPOH
HOATOTOBKa UzeT ObicTpee. Jlanee paboTa anropuTMa IIpojioKaeTcs B
npexxHeM pexume. Ecian Ha kakoM-u00 1mare JoNnoTHUTEIbHOE YCIIo-
BH€ HE MOXET OBITh BBIIIOJHEHO HU NMPH KAaKUX BPEMEHaX MOJTOTOBKH,
TO BO3BpallaeMcs Ha mar ¢ = b — 1 ¥ cTaBUM Ha HEM IOATOTOBKY
C XyALIMM KayecTBOM M MPOJOKaeM alroput™. TakuM oOpa3om, Mbl
HOJTy4uM, TM00 MOAXOAsIIee PEIeHHE, TU00 MOIHYI0 HEBO3MOXHOCTD
COCTaBJIEHHUS paclUCaHus NpU TaKUX HadallbHBIX IapameTpax.

4. Pe3ynbmamsbi U 8bi800blI

Ha ocrHoBe Anropurma | OblTa HampcaHa IMporpaMMa Ha S3BIKE
C++, KoTOpasg NPUHUMAET B Kaue€CTBE BXOAHBIX JaHHBIX MAacCUB 3Ha-
uenuii p(i,J) ¥ BpeMs okoH4aHus Bcex pador C. Urorom momydaer-
sl MaTpuiia 3HaYeHHH OuHapHOU QyHKIMK x (i, j), KOTOpas OTBEYaeT
3a Ha3HadeHne paboThl ¢ KOCMOHABTY j. M3-3a Toro, 4To anmropurm
9BPUCTUYECKHUH, UTOTOBBIM PE3yJabTaT 3aBHUCUT OT BHJAa HAYaJbHBIX
naHHbIX. [{ng mpoBepkn paboTOCIIOCOOHOCTH U MPUMEHUMOCTH TIPO-
rpaMMbl OBUIM IPOBEAEHB! NPOBEPKH HA PEAbHBIX JAHHBIX, B3ATHIX
u3 Llentpa ympasnenus moneramu MKC. MtoroBerit pazdopoc He mpe-
BBIAET 5% OT CPEAHETO 3HAYEHUS] CYMMapHOH BPEMEHH MOTOTOBKH.
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PLANNING ALGORITHM FOR TRAINING
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Abstract: In this paper we consider the problem of the planning of
training cosmonauts. An approach to plan lessons. An assessment of
the applicability of the developed approach.
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