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PakeTHO-KOCMHYECKHUN KOMILIEKC
KaK CJOXHasd TexXHHYeckad

CHCTEMA

CnoxHas TexHH4YECKasi CHCTEMa NnpeAcTaBiseTr coloi
COCTaBHOM OGBEKT, YaCTH KOTOPOI'0 MOXHO PaCCMaTpHBAaTh KaK CHCTEMH,
3aKOHOMEPHO 00bEAMHEHHHE B I[€JIO€ B COOTBETCTBHH C ONpEJEJIEHHHMH
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Puc.1.] CTpykTypHeq cxema CJI0XK-
HOR TexHHMYecKoR
CHCTEMH

[IPHHLMIAMH M NMOAYMHEHHHE Nend (PyH-
KI{THOHHPOBaHHS BCEH CJ0XHOHM CHCTEMH.

OCHOBHHIMH NMPH3HAKAMH CJIOXHON TEX-
HHYECKOM CHCTEMH SBJISIOTCH:

1. Hanmmune Gosibmoro xoJM4ecTBa B3a-
HMOCBSI3aHHIEIX H B3aUMOEHCTBYIOIMHX MEX-
Ay cofoM MOJACHUCTEM, KAXAYI0 H3 KOTOPHX,
B CBOIO o4epeb, MOXHO pac4eHHATbh Ha 60-
Jiee MeJIKHe NMOACHCTEMH H T.[., BIUIOTh [0
MOJCHCTEM NEPBOr0 YPOBHS — 3JIEMEHTOB.

2. C/I0XHOCTh BHIIOJIHIEMON CHCTEM-
HOM (PYHKIMH, HAPABJIEHHONW HA JOCTH-
XeHHe 33a/JlaHHOM IeJIH.

3. Hannune ynpasjieHus (49acTo HMme-
IOIMEro MepapxXmuecKyio CTPYKTypy), pas-
BETBJEHHON MHPOPDMANHOHHON CETH H
HHTEHCHBHHX ITIOTOKOB HHOPMAIHH.

4. BzanMoaeHCTBHE C BHEIIHEN cpe-
a0 H PYHKIHOHHDOBAHHE B YCJOBHSAX
BO3/efcTBHS CayYalHHX PaxTOpoB.

Ha puc. 1.1 nmoxa3aHa cTpyKrypHasi cxe-
Ma CJIOXKHOM TEXHUYECKOH CHCTEMH.

DYHKIIHOHAJIBHO CBS3aHHHE 3JIEMEH-

TH, COEJJHHEHHHE MeXay co6oil, 06pa3yl0OT MOHTAXHHE Y3JH, KOTOPHE
NOJIHOCThIO COOGHPAIOTCS BHE H3JEJIMS M MCNHTHBAKTCY HAa CNELHAIbHEX
CTEHJAaX, a 3aT€M MOHTHUPYIOTCS B arperarn. M3 arperartos, B CBOIO oue-
peab, 06pa3yioTcs NMOACHCTEME 6oJjiee BHICOKOTO YPOBHS — CaMOCTOSITE/b-
HO (DYHKIIHOHHDPYIOI{HE YaCTH CHCTEMH.




[image: image2.png]Beujgy cioxHOCTH ¥ HOBH3HH coBpeMeHHHX PKK B HacTosmee Bpems
HeJ b3 TOYHO PAaCCYHTATH AMHAMHYECKHE NPONECCH, MPOUCXOASIMHE B
KOMILJIEKCE, H HAAEXHOCTb €0 QYHKIIHOHHPOBaHHUS. JTO 0OBbICHIETCS He-
NOJIHOTOH MCXOAHHX JaHHHX O JEACTBHTE/bHHX peXHAMax paGoTH CHCTe-
ME B HATYDHHX YCJIOBHSX: O BHE38IMHHX PE3KHX MEpenafgax TeMnepaTypH,
0 BHOpAllHOHHHX, YRAPDHHX M APYTHX BO3AecHCTBHSX, 8 TaKXE€ O CJOXHHX
C/TydaiHHX B3aEMOAECHCTBHIX MOJACHCTEM, B OCOGEHHOCTH Ha MePEXOAHHX
HEeCTAlHOHAPDHHX pexuMax mycka JIA, BKJOYEeHHS H BHKJ/IIOYECHHUS [BHra-
TeJIbHHX YCTAHOBOK H JP.

Ilpu co3gaHuy KOMIJIEKCOB HEOOXOAUMO YYHTHBATh HE TOJILKO Xapak-
TEPHCTHKH OTAEJbHHX MOACHCTEM, HO H 0COGEHHOCTH HX B3aMMOAEHCTBHS.
Jlaxe eCJIH onpeje/icHHas MOJCHCTEMa caMa 110 ce6e 06J1agaeT HECOMHEH-
HHMH AOCTOMHCTBAMH, OT Hee€ NPHIETCH OTKAa3aThCH, €CJIH OHa HECOBMe-
CTMMa C APYI'HMH MOACHCTEMaMH M yXyalnaeTr ofmiue xapaktepucTuku JIA.

1.1.1.
Buam B3auMoaedcTarit
B CIOXHOMN cHCTEeMe

PaccMoTpuM OpHMepH BO3MOXHHX B3aMMOJEUCTBHA B
CHCTEMAX H MEX]y CHCTEMaMH B COCTaBE KOMILJIEKCa.

B o6meM ciiyuae Bo3eACTBHE MOXET COCTOSTh B IIepejade BENIECTBE,
3Heprud, HHpopmanuu. TunoBuMHU B3amMoAeHcTBHIMHE B JIA MoryTr GHTB
MEXaHH4YeCKHe, 3JICKTPHYECKHE, 3JIEKTPOMArHATHHE, B3aMMO/ICHCTBHS B
CHCTEME «Y€JIOBEK — MAMHUHA» K T.[.

MexaHnueckue B3aMMOJCHUCTBHS BO3HHKAIOT B TOM CJiydae, KOrga oT-
AeJIbHLHE 3JIEMEHTH COEJHHEHH APYT C APYI'OM MEXaHMYECKON CBSI3bI0O HJIH
ynpyrou cpemou, Korja OHH N€HEPDHPYIOT HJIH NEPEAANOT MEXAHUYECKHE
MM aKyCTHUYECKHE KojeOaHus.

HanGonee cnoXHLMH SBASIOTCS B3aHMOAECHCTBHS NDH HECTAl[HOHAP-
HHX, CJTYYaRHHX Mponeccax, BAGpalMOHHHX U YAAPHHX HarpyskKax, CBsi3aH-
HHX C H3MEHEHHMEM peXHMOB noJjera. Jlyumum cnoco6oM H3y4eHHS MeXa-
HHYECKHX B3aUMOXEHMCTBHM SBJISETCH CO3XaHHE HATYPHHX CTEH/[OB.

B cioxHHX cHcTeMax 3JIeKTpHYecKasi Heprus, npefgHa3HauYeHHas A
NMHUTaHUS MJH Nepegayd ynpasasiomero HH(GOpMaHOHHOrO CHrHAaja oOT
OJHOTO 3JIEMEHTAa, MOXET OHTh OMHUOOYHO, CJIY4aiiHO MOJABEJEHA K APYro-
My 3jieMeHTy. Takas omin6Ka Hau6oJiee BepoITHA NPpH c60pKe O4YeHb 60JIb-
LIOT0 YKCJ1a pPa3BETBJIEHHH 31IeKTPOKAaGE/JbHON CETH, H B OCOGEHHOCTH IIpH
HaJWYMKd pa3bpeMOB 6JIOKOB M MTeKKepoB KaleabHo# ceTH. OGHYHO B
NPAKTHYECKUX YCJAO0BHUSX DJEKTPHUYECKHE CHCTEMH H3O0JMPYIOT APYr OT
Apyra. OgHako 3TO He BCErja JIerko OCyH|eCTBHTb, MO3TOMY CXEMH 3JIEK-
TPOCHCTEM HYXHO TIIATEJ/IbHO MCCJIEA0BaTh, YTOOH BHISIBHTb CJHy4YalHHE




[image: image3.png]ODapa3sMTHHE CBA3H, HapYINIEHHE H30JISIIHM C 3aMHKAHMEM Ha KOPHYyC H C
APYro# CHCTEMOH, a TaKXe T€ 3JIEeMEHTH, KOTOPHE NPH HE3HAYHTEAbHLIX
H3MEHEHHUSEX NapaMeTpPOB UMM MOTYT BHATH K3 CTpos. CymecTBYeT Takxe
CBE3b MEXAY O00G0ODYAOBAHHEM [Ji F'€HEPHPOBAaHHS HMJIH Npeolpa3oBaHHS
9JICKTPHYECKOM IHEPrUM H Pa3HOI'o POoAa 3JIEKTPHUYECKHMH Harpys3KaMH.
OueBHHO, 9TO 3TO 06OPYAOBAaHHE M HArpy3KH JOJIXHH GHTh COBMECTHMH.
Bo3aMoXHH TakXxe ciydan, KOrga ABa pa3sHHX HOTPeGHTENS HE NOJIXHH
NOAKJIIOYATLCHS K OAHOH M TOH Xe 3JIeKTpHUeCKOo# nend. Jas npoekTupo-
BAHUS U OTPAGOTKH 3JIEKTPHUYECKHX CHCTEM HEOoOXOAHMO CO3/AaBaTh 3JIEK-
TPOMOJ EJIUPYIOIHE CTEHAH.

KJIA, pakeTa-HOCHTE/Ib, Ha3€eMHOE MCHHTATEJBHO-ITyCKOBOE 060pyI0Ba-
HHE U KOMaHAHO-M3MEDHTE/IbHHN KOMNJIEKC OOHYHO 3aII0JJHEHH 3JIEKTPOH-
HHM OGOpYAOBaHMEM Pa3/IMYHHX THNOB. BeaeacTsue 3TOro BO3MOXHO BO3-
HHKHOBCHHE CJIOXKHHX MHIYKTHBHHX H 3JIEKTDOMAarHMTHHX CBSfi3eil NMpH CO-
BMECTHOM paboTe pajHOTEXHHUYECKHX, HABHIal[MOHHKIX, KOMaHAHO-HCIOJIHHU-
TEJbHHX, H3MEPDUTEJILHHX K APYrHX CHCTeM. IIpaBHIbHHNA BHOOD KOHCTPYK-
I{HH ¥ pa6OYHAX YaCTOT, U30JISLHS H 3KPaHHPOBAHHE 3JIEKTPOHHOIO 060pYyAO-
BaHHS MO03BOJIMIOT YMEHbIIUTh HHAYKTHBHHE H 3JIEKTPOHHHE B3aUMOBJ/IMSIHHS
B noMexd. YToOH yMEHBIHUTL A0 NMPHEMJIEMOrO YPOBHS B3aUMOBJIMSHHE OT-
ACJbHHX 3JIEKTPOHHHX H 3JIEKTPHYECKHMX YCTPOMCTB, CMOHTHPDOBaHHHX Ha
JIA, npuxoxUTCS NPOBOAKMTDL B 60JIbIIOM 0'beMe HCNILITAHHSE H HCCJIEJOBAHHS.
Co3anne cnenuaJbHEX MOAE/THPYIOIHX CTEHJ0B U MAKETOB HAa paHHe# CTa-
AHE pa3paGOTKH NporpaMMH NMO3BOJISET PElIaTh BO3HHKAIOMHE 3a1aYM M BHO-
CHTbh HeoOXOAUMHEeE H3MEHEHHUs 3a61aroBpEMEHHO.

B3anmope#icrBue Mmexay kocMoHaBraMu M KJIA 9acTo Ha3WBaKwT B3aH-
MOAeHCTBHEM «4ejioBeK — ManiuHa». Heo6xoamMo nmpoBepHTh NMpPaBHJIb-
HOCTb [IPOEKTHPOBAHHS OTCEKa [AJIS 3KHNaXa C yYeToM TpeGOoBaHH# 3pro-
HOMHKHM H HHXEHEDHOH ICHXOJIOFHH, 8 TaKXe peMHUTbh NpoGJeMy OITH-
MaJILHOI'O pacnpegesieHuss PYHKIHA MEXAY SKMIIAXEM H aBTOMATHKOM.
M B 3TOM ciIydae BONPOCH B3aMMOAECMCTBHS Jydllle BCEr0 pPEIAaTh ITyTEM
M3rOTOBJICHHS MaKeTa Ha PaHHe# CTaAMM NMPOEKTHPOBAHHS M OTPAGOTKH.

K 3TOMy Xe THny B3aHMOAEHCTBHS MOTYT OHTb OTHECEHH ACHCTBHSL
ONepaTopoB, YOPaBJISION[MX aBTOMATH3HDOBAHHON CHCTEMOU YNpaB/ICHHS
HyCKOM KOMIIJIEKCa, a TakXe ofecrnednBalomux ynpasjaecHue JIA U3 neHTpa
yHOpaBJ/I€HHS [IOJIETOM C IIOMOIbI0O Ha3eMHHX YCTPOMCTB KOMaHAHO-H3Me-
PHTEJILHOI'O KOMILJIEKCA.

Du3zndeckue IBJeHHUS, C KOTOPHMH conpspkeHo pyHkuunoHupoBaHue PKK,
HACTOJIbKO CJIOXHH, YTO HE MOTYT OHITb [IOJTHOCTBIO H3Yy4EHH IPH TEOpETHYE-
CKOM paccMoTpeHnn. OHaKo B Imponecce NMpOBEACHHS TEOPETHYECKHX paboT
CO3/1aeTcd MaTeMaTH4YeCKasi MOAEJ/1b KOMILJIEKCA, BHSBJISIOTCS OCHOBHHE BOIPO-
CH, KOTOPHE JOJIXXHH OHTb pellleHH IMPH 3KcNepuMeHTabHON oTpaboTke KJIA,
dopmupyercs HauboJiee paliHOHaJILHHI IUTaH OpraHHU3al M KCIIEpHMEHTab-
HHX HCCJEJOBaHHi, a TakXe pa3palaTHBAIOTCH IMPUHIMIE MHTEPIPETALUM H
aHANIN3a pe3yJIbTATOB, NOJYYEHHHX B 3THX HCCJEAOBAHHIX.




[image: image4.png]PacCMOTPHM HEKOTOPHE OCHOBHHE OCOOEHHOCTH CJIOXKHHX TEXHHYECKHX
cHCTEM, KOTOPHE BJIMSIOT Ha MPOrpaMMy 3KCIEPHMEHTAILHOK OTPabOTKH.

HamopuMmep, B paGote [28] yrBepXxaaeTcs, UTO «rjIaBHHMN NPH3HAK CHC-
TeMH — OPHMEHTallUd BCEX €€ 3JIEMEHTOB Ha PEHICHHE €AMHOM leJieBON
jagauyn. CucreMy, TakuM o6pa3oMm, CJefYyeT ONpEeAEJHTh KaK OpraHH30BaH-
HHM KOMIJIEKC CPEACTB AOCTHXEHHS o6meN Len».

C npyro# cTopoHH, B pa6ore [58] rosopurcs, 4TO «CBI3M 00BEAHHIIOT
cucreMy B eamHoe nenoe. Ilo cymecTBy, TOJIbKO Ha/IMUHE MHOI'MX BH/IOB
cBsizeil (IPHYHAHHHX, JIOTHYECKHUX, CJYYaHHHX H T.A.) A€JaeT MOHATHE CH-
cTeMH MMOJIE3HHM».

OaHaKo cJeAyeT pa3fgCJMTh BO3MOXHHE CBS3M B CHCTEMax Ha /Ba
kJjacca: 1) oOn4YHHEe CBS3M — COEJAHMHEHHMS [ Nepefadd BO3JAEHCTBHM
(MeXaHHYECKHX, 3JIEKTPHYECKHX, FJIEKTPOMarHHTHHX), CBSI3H «4E€JI0BEK —
MaliHiHa»; 2) PYHKNHOHAJIbHO-1[€JIEBHE CBIA3H — B3aHMOJEHCTBHS MOACH-
creM MO (PaKTHIECKHM COCTOSHHMSM H MapaMeTpaM HMX paGoTH B COCTaBe
6oNbIION CHCTEMH AJIS AJOCTHXEHHS L€JIH, MOCTAaBJCHHON nepeja BceH
GOJILIION CHCTEMOM.

Ciaeayer OTMETHTbh, YTO (DYHKIHOHAJbHO-IIE€JIEBHE CBE3H — B3aHMO-
AeHCTBHS MOACHCTEM — 3TO, COOCTBEHHO, €IMHCTBEHHHH THI CBS3H, Xa-
pakTepHHHA AJiS CJI0XXHOH CHCTEMH, 38 OCTaj/lbHLHE CBS3H €CThb KaK B CJIOX-
HOW CHCTEME, TaK H B MPOCTHX MOACHCTEMAX H y3Jiax.

DYHKIHOHANbHO-1E€JIEBHE CBI34 — 3TO B3aMMOJAEHCTBHS Ha OCHOBE
aHalu3a HHPOpPMAIIMH O BHIXOJHHX XapaKTEPUCTHKAX MOJCHCTEM, BJIHSA-
IIMX Ha nejeByio PYHKOHIO KoMmaekca. Hanpumep, HeToOuHOCTH (MIO-
TPEMIHOCTh HACTPOHKH) B pafoT€ COBPEMEHHOM ABHraTe/IbHOM YCTAaHOB-
KH TpelGyeT BBeJeHHUS HOBHX CHCTEM PEryJHPOBaHHS KaXymencs CKOpo-
CTH M CHCTEMH OJHOBpPeMEHHOro onopoxHeHus 6akoB (COB), geiticTBy-
iomux B nojere JIA aag JOCTHXEHHS LieJIeH KOMILJIeKca.

IlpuBegeM eme HECKOJIbLKO NMPHMEPOB (PYHKIHOHANBHO-1E/IEBHX CBSi-
3ed. HeToYHOCTDh ynpaB/ieHHS YrJjiOBOHM CTaGH/IM3alHedl JBHXECHHS HA Tpa-
ekTopun JIA TpelGyer BBeJeHUS CHCTEM GOKOBOH M HOpMaJbHOH CTaGHJIH-
3alluM 1eHTpa Macc. HegocraTouHass HageXHOCTb MOACHCTEM TpeOyeT HU3-
GHTOYHOCTH H pe3epBHpoBaHHg. [lns o6ecrneuyeHHss BHCOKOH HaAE€XHOCTH
JKHNaXa BBOAMTCSH CHCTeMma aBapmifHoro cnaceHus 3kunaxa (CAC). [Ins
o6ecnedeHUus JOCTHXEHHS 3a/]aHHON IeJIH BBOASTCH CHCTEMH KODPEKIHH
Tpaextopuu JIA.

BhisiBjieHHe 3TOro THNa B3aUMOCBS3€# MMO3BOJIMJIO KOJUJIEKTHBY NOJ pYy-
koBoactTBoM C.I1. KopoaeBa B 50-x rogax nepsomy cosgarb PKK, a rakxe
ChHOpMyJIHpOBATh H PEMUTh NMPAKTHYECKHE 33aJa4H, KOTOPHE JIETJH B OC-
HOBY HOBOM HayKH — CHCTEMOTEXHHMKH, 0606IMUBIIECH NMOCTAaBJIEHHHE NMPO-
61eMH M co3faBileil HOBHI{, CHCTEMHH I, KOMIIJIEKCHHIM MOAX0A K NPOEK-
THPOBAHHIO H CO3JXaHHIO CJOXHHX TEXHHYECKHMX CHCTEM BCEX THIIOB.

HNHTepecHo nmpocieanTh NMOCJIEL0BATEJbHOCTh BHEPEHHS CHCTEMHHX
NMPHHIUOOB B pakKeTHO# TexHuke. CHavana Gt MpOCTHE CHCTeMH. Mcropn-




[image: image5.png]4YE€CKH INIEPBOH OHJIA paKeTa nopoxonas (TBECPAOTOIN/IMBHaL ), OHA HMCJIa OIl-
pelesieHHOE KOJIMYECTBO TOIJIMBA, €€ MOJIET MPOAOJDKAICH JO TeX nop, Mno-
Ka He BHiropano Bce TomiuBo. JIoTOM CTasM NOSBIASTHCH PaKeTH Ha XHMA-
KOM TOINJIHBE, OHM HMeJu GaKkd, MarucTpajii, Conja H T.X., HO €me He
OpeCTaBISIH COG0M CJOXHYI0 TEXHHYECKYI0 CHCTEMY.

IToToM GHUIa BBeZleHa AOMOJIHUTEIbHAas CHcTeMa — 4Yach. 2KP/I cran BH-
KJII0YaThCHd B HA3HAYEHHOE BpeMS, YTO HECKOJIbKO YMEHBIIHJIO HeonpeAe/ieH-
HOCTb TPA€KTOPDHH I10JIETA, PACCEMBAHHUE M0 BLICOTE ITPH BEPTHKAJILHOM ITyCKe
M pacCeHBaHHE MO AaJbHOCTH NPH IyCKE NMOJA YIJOM K I'OPH30HTY.

CymecTBeHHHM 3TanoM BHEJPEHHsS CHCTEMHOro NpHHIHKNa OO BBe-
AEHHE JOMOJIHUTE/IbHOH CHCTEMH YINPaBJIeHHUS MO CKOPOCTH, KOrjJa CTa/lH
n3MepaATh HaKTHYECKYI0 CKOPOCTD I10JIETa M BhHAaBaTh KOMaHAY IO AOCTH-
XKEHHUM 3aJlaHHOH CKOPOCTH — BBEJIM BHKJIIOYEHHE JBHraTe/is Mo HHTerpa-
JIy NpoJOJIbHHX YCKOpeHHH. [lanee TOUHOCTH noJjiera GHJia MOBHIIEHA C
y49eTOM OTKJIOHEHHH LieHTpa Macc JIA.

B nmocneayomem OniId CyO[eCTBEHHO YJIy4lleHH BHXOJHHE XapaKTepH-
cTuxu ABHrarenei B noyere JIA mpu nocraHoBke cucreM PKC n COB, uto
yXe OLJI0O OTMEYEHO BHIIE.

TakuM o6pa3oM, CHCTEMHHH MOAXOA IMO3BOJIMJ YCHJIIMTh I[€JIEYCTPEM-
JICHHOCTb KOMILJIEKCa B CYNIECTBEHHO YJIYYIMIUTh BHIXOJHHE XapaKTEPHCTH-
KH MOJCHCTEM, MIOAYMHKB HX TPeOGOBAHHMIO AOCTHXEHHMS I[€JIH KOMIIJIEKCA,
OpHYeM JJig 3TOr0 B KOMILJIEKC BBOAMJIKUCH JOMOJHHUTEbHHE MO CHCTEMH.
[ToBHmeHHe CNOXHOCTH H CTOMMOCTH BHOBb CO3aBaEMHX KOMIIJIEKCOB
Tpe6yeT ONTHMH3ALMMH M MOBHIIECHAS HaJeXHOCTH METOAOB 3KCIEPHMEH-
TaJIbHOH 0TpaGoTKH. Bce 60Jibmie HA NJIaHH 3KCNEPUMEHTAILHOR 0TPaboT-
KH BJIHSET YCH/IEHHE B3aUMOCBSI3€l MeXAY MOJACHCTEMAMU: YBEJIHUHBAETCS
POJIb KOMIIJIEKCHONH OTpalGoTKH B3aMMOCBS3aHHHX rnoacucreM. Haubosiee
XapaKTepHO AJS METOAOB 3KCNEPHMMEHTaJIbHOH OoTpaGoTKH JIA panbHel-
mee MOBHIIEHHE 3HAUMMOCTH M yBeJIMueHHe 00beMa BCEX BUAOB Ha3€eMHEX
ncnutanui. IIpn 3TOM HCNONB3yeTCS YHHKaJbHOE ioporocrosmiee o60py-
AOBaHHE, C MOMOMbI0O KOTOPOro YCJOBHS 3KCNEPUMEHTa B AOCTATOYHOH
CTeneHH NpulJIMXAITCS K HATYDHHM, JIETHHM.

1.1.2.
CucreMHbl NPHHLKN B TLIAaHUPOBAHUH
IKCNNepUMEeHTaNbHOU OoTpaloTKu JIA

Ha Hava/jibHOM 3Tarne pPa3BUTUS PAaKETHO-KOCMHUYECKOM
TEXHWKH OCHOBHas JKCIIEpMMeHTaj/ibHas oTtpafoTka JIA npoucxoausa 1npH
JIETHO-KOHCTPYKTOpPCKMX HcnuTanusax (JIKH), cocraBagiomue CHCTEMH
(KOMIMOHEHTH ) OTpafaThBAaJUCh TOJbKO aBTOHOMHO. IIpu 3TOM aJsg orpa-
6otk U goBoaku JIA TpeGoBasoch He MeHee 50 — 100 nmyckos JIA. Ilo




[image: image6.png]MEpe YCJIOKHEHUA JIA, B OCOOCHHOCTR € NEPEXO/ICM HA MHOICCTYIEHYaTHE
KOHCTDYKIIKH, PE3KO NOBHCRAACE CTOMMOCTH caMore JIA W mposejeHHs
KaX/JOTO Ero MYCKa, B CBA3H C YEM HIMEHH/IACh CTPAaTErHs MPOEKTHpOBa-
HHR 9KCIIEPHMEHTANBHON 0TpadoTku JIA, XoTopas celiuac OpHEHTHpyeTcs
na 2 — 3 mycka npu JIKH.

PaCCMOTPHM OCHOBHHE 3a/[a4H, KOTOPHE HEOGXOAUMO DEIATh ANS AOCTH-
KEHUS TIOCTABNEHHON NEJH UCTHTAHUA CIOXKHON TEXHHWIECKOR CHCTEMH.

Tlo onpeaenenuio, npuseaerHOMy B BCD ( ), «ucnuTaHAE
MamuH — SKCHEDPUMEHTANLHOE ONPE/e/IeHHE KOHCTPYKTHBHHEX B 3KCILTY-
gTAIMOHHHX CRONCTB MAUIMH [ BHBJICHHS WX COOTBETCTBHS TEXHHYE-
CKMM TPEGOBAHHAM BJIM ONHTHOTO K3yYeHAR PeATbHEX NPONECCOB, TPOHC-
XOASIIKUX B MAITHHAX».

Hcnurarh Kakof-1#60 06BEKT — 3TO 3HAYAT CO3/ATH AL HEFO TAKHE
yCNOBAS, YTOGH OGHAPYXKHIHCH €r0 PEASLHHE 0COGEHHOCTH.

Hcnuranus MOTYT CJTYXHTh Pa3HHM IIENSIM.

Ha HananbHOM STane B pesybraTe ACIONTAHKR Y3HAIOT, DEAiM3yeMa B
Ta MIH HHRS CXEMa, COBMECTHMH /4 ¥ MOTYT ¥ GWTH HCHOTB30BAHH B
KOMILIEKCE OTPAaGOTAHHHE ABTOHOMHO CHCTEMH, MOJACHCTEMH, arperaTH,
3/IEMEHTH.

TIpa AanbHelmeM Pa3BHTHH CXEMB BOSHHKAET BOIIPOC O TOM, Kaxof Ba-
PHABT SBANETCS ONTHMANEHHM B CMHCNE 3(EKTHBHOCTH, HaleXHOCTH,
CTOMMOCTH, (IOBEJEHHN DA DAITHYHNX BOIMYIIEHHIX K T.1.

Janee HaTMHACTCA STAI ACTHTAHAR PasTHIHHX KAUECTB, LENBIO KOTOPO-
ro sIBSETCA NPOBEPKA CUCTEMH (KOMIIIEKCA) HA BHIIOIHEHHE ONPEAEIIERHEX
tpeoBanuil o 3¢ppexTHBHOCTH B HajexwnocTn, IIpu asanuae pesynnTaron
MCIHTAHMK CTABMTCA 32Ka4a TIOJyHMEHHS JOCTOBEDHHX 3HAYCHHA OCHOBHHX
XaDAKTEPHCTHK JIA, KOTOPHE MOXHO pasgeniaTh Ha TPH 0600MEHHKE IPYMIh:
JHEPreTHYECKHE XAPAKTCPUCTHKH, TOYHOCTE H HAJIEXHOCTS.

Inepeemuneckue xapaxmepucmuxy ONPEeasoTCS CYMMapHHM HM-
MyAhCOM CHJIOBHX YCTAHOBOK, HEOGXOAMMHM [/ COOGIMEHUS MOIEIHOMY
rpy3y CKOpPOCTH ABUXeHuUS, TpeSyemoit fas pusesenus KIIA na sapanuyio
OPOMTY, H AN OCYNIECTBAEHHS ODHEHTAI[WM, KOPDEKIUHA, PA3roka, TOpMo-
KEHUS H T.A.

Toxrocme ABHXEHHS annapara B OCROBHOM ONpeAe/IgeTcd TOYHO-
CTHIO BEBEJeHHS €T0 K KOHUY aKTHPHOTO y4aCTKa Ha GalnmcThueckud,
OPGHTA/NBHE YyYACTOK TPAEKTOPHH JMGO TOYHOCTRIO BBEAEHAS B KOPH-
AOD BXO/A2 MpH MOCAAKE Ha IIAHETY, T.€. CTENERBIO COOTBETCTBHA BEK-
TOpa CKOPOCTH M XKOODAHHAT 3afAaHHHM 3HAYCHHSAM. TouHOCTE BHBE/IE-
Hitst KJIA posxHa GHTH HCKJIIOYMTENLHO BHCOKOH. B paje ciyvaes npr
ManefmeM HapymIeHHN TPEGOBAHHA 10 TOYHOCTH HACTOJBKO HCKAKAET-
cq TpaexTopH: cBOGOANOTO moneTa KJIA, 4TO OH HE MOXET HOCTUIHYTH
3aJaHHOro PaﬁOHa W BHIONHHTb CBOIO OCHOBHYIO 3ajlady.

XapaxTepuCTHKK HagexHOCTH JIA, uMeonero Gonbmoe KOJINIECTBO
CHJOBHX VYCTaHOBOK, CJAOXHBEX ArperaToB B MEXaHH3MOB, ABTOMAaTHYE-




[image: image7.png]CKH [1eHCTBYOINHX 3JIEMEHTOB (HANIDEMeD, paKeTa «ATJiaC» HMEET CBHIIE
300 THC. TOYHHX feTaned, koMnjaekc «CatypH» — «AnoJjjioH» — GoJiee
MHJIJIKOHA Y3JI0B), SBJSIOTCS HCKJIIOUUTEbHO BAXHKHMH, HO JOOHUTbHCS HX
YAOBJIETBOPHTE/JbHEX 3HAaY€HHH B PeajibHHX YCJOBHAX 3KCIJyaTanHu
O4YeHb TPYJHO.

Ha panHHX 3Tanax 3KClepuMEeHTAJbHON OTPAaGOTKH HaJAEXHOCTh COBpe-
MeHHHX KoMnaekcoB KJIA n HX oTAEJBbHHX CHCTEM OYEeHb HEBEJIHKA.
Bcaencreue 3Toro, 9eM ciaoxHee KkoMiuiekc KJIA, Trem Goabmyio posb Oy-
AYT MTpaTh €ro 3KCIepUMEHTaJIbHas 0Tpa6o0TKa, METOAN OPraHH3aliuH HC-
NHTAaHHHK H aHaJIK3a HX PE3YJIbTATOB.

OGecneuenne HagexHocTH nuiaoTHpyeMux KJIA sBngercd eme Gones
TPyAHOM 3anaveihi. Tak, HanpuMep, NPH JOCTATOYHO BHICOKOH BEPOSTHOCTH
BHIIOJIHEHHS 3aja4du noJera (mopsaka 0,95 — 0,96) seposTHocTh Ge3onac-
HOCTH 3KHIIAXa, T.€. BO3BpAMECHAL 3KHIIaXa Ha 3emJi0 6e3 noTephb, A0JIX-
Ha Onith He MeHee 0,999. Ctosb BHCOKAs HaZeXHOCTh HE MOXET GHTBL NMPo-
BEpPEHa TOJILKO BEPOSTHOCTHHIMH CTAaTHCTHYECKUMH MetoaaMH. ITosTomy B
NporpaMMy HaA€XHOCTH BBOAHUTCS PSJl Ka4€CTBEHHHX [TOKa3aTeJjiel, H NpH
ONnpeae/ICeHHN HAKEXHOCTH MOJIb3YIOTCH COBOKYITHOCThIO KOJINYECTBEHHHX,
B TOM YHCJIE BEPOSTHOCTHHX, H Ka4€CTBEHHHX METO/IOB.

Bcogy, rae 3T0 BO3MOXHO, AJISI YBEJIMYEHHS BEPOSTHOCTH 6€30IACHOCTH
M BHIIOJIHEHHS 33J]a4M I0JIeTa IPUMEHSETCH pe3epBHpoBaHHe. Bce CHCTEMH,
3a UCKJIIOYEHHEM KOPITyCa, TEMJIOBOM 3allHTH M HEKOTOPHIX YacTel rjaBHOro
ABHUIraTeJIs, P3E€PBHPYIOTCS, a B CJIy4ae MHOIOJABUIraTejbHOM CXeMH pe3epBH-
pyercs U ABHrare b B LejoM. IIpaBuna TpeGyloT NpekpameHns 3KCne uIun
B CHTYAaI[HMH, KOT/ia eme OJHH OTKa3 B KPHTHYECKOM y3Jie MpuBEAeT K rubesn
skunaxa. I1o3aTroMy QyHKIIHOHAJIbHEE 3JIEMEHTH BCEX CHCTEM JIOJ/UDKHH HMETh
ABOMHOE pe3epBHpPOBaHME A GE€30MACHOCTH DKHIAXa M TPOHHOE, eCJIH II0-
JIET J0JKEH MPOAOJIKATHCH MOCJIE OAHOrO OTKa3a.

Tak xak 60JILIIMHCTBO OTKA30B HEKPHTHYHH [0 BPEMEHH, IIDHHIT ME-
TOA HENPEPHBHOI'O KOHTPOJIS 3KHNaXeM GOPTOBHX MHAMKATOPOB H KOHT-
pOJib Ha3eMHHMH CTAHUHSIMH TEJIEMETPHYECKUX JAHHHX [/ 00HapyXeHHS
0TKa3a H BHOOpa KOPPEKTHPYIOMHMX JECHCTBHHA.

Hdng noBuimeHHS rapaHTHU 6e30MaCHOCTH IKHUIAXa Ha aKTHBHOM yda-
CTKEe M0JIeTa CO3/jaHa CNelHaJlbHas CUCTEMa aBADMMHOIO CIIaCEHHS 3KHMa-
Xa B CJlyyae aBapMy pPaKeTH-HOCHTEJIS.

IlockoIbKY NOATBEPAHRTDL CTATHCTUUYECKYIO BEJHMUYHHY Ya/leXKHOCTH
KJIA xaK npocryio cyMMy HAJEXHOCTEH MHOXECTBA 3JIEMEHTOB (MOJCH-
CTeM) HEBO3MOXKHO, TO CJIEAYET HaAEXKHOCTh CJOXHOH CHCTEMH paccMar-
PHBaTh B COOTBETCTBHH CO CJIEAYIOIMEA MOJENbIO :
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rpe P — HaAeXHOCTb CHCTEMH; Py, — HafleXHOCTh, NOTEHIMAILHO CBOM-
cTBeHHass KOHCTPYKLMHM NpH BHODAHHON CTPYKTypE€ H CTENEHH Pe3epPBHPO-
panusl; Pox ycn — HAAEXHOCTb 3JIEMEHTa B 3KCIUTYTALMOHHHX yC/I0BHSX;
Prexsnpon — HAAEKHOCTb TEXHOJIOTHYECKHX MPOLECCOB, BEPOSITHOCTD TO-
ro, 970 3J€MEHTAapHHE MPOLECCH, NPUMEHIEMHE DM MPOM3BOACTBE KOM-
niaexca (MOACHCTEMH, anmapaTypH), 3aBepIIAIOTCS, HE BH3LBasd HeO0Mmy-
cTUMHX ae(EeKTOoB.

[IporpaMMa HCIHHTAHHH MOCTPOEHA HCXOAS M3 TOrO, YTO YCIEXH KOC-
MHUYECKHX HCCIEOBaHHM MO3BOJIMIH ONPEACATh BHEMHHE YCJ0BHS, B KO-
topux 6yaer npoxoauth nojer KJIA, n no3ToMy HazeMHHE MCNHTAHHA C
uMHTalL el YCJOBHUM BHEIIHEH CpPEeAH MOTryT YCTAHOBHTb NPHUIrOJHOCTD
KJIA ¥ ero cucteM AJis BHIIOJIHEHHUS MOCTaBJEHHOM 3agaud. B 3tom ciy-
yae OTKa3h NPH JIETHHX MCIHTAHHUSIX MOTYT MPOH30HTH TOJILKO BCJELCT-
BUE HENMPeAYCMOTPEHHOrO COYETAHHUs BHENIHMX YyCJIOBHH (Jero He JOJDKHO
6LITh) HJIM 0TKAa3a OTAEJbHHX YCTPOHCTB. CTPOrocTh B NOJIHOTA NMPOrpaM-
MH Ha3eMHHIX HCIIHTAHHHA SBJSIOTCH [I03TOMY OCHOBHHIMH (pakTOpaMu npe-
AYNPEX/JEHUS OTKAa30B B IOJIETE.

[IporpaMMa HCIOHTaAHHUA NpeAyCMaTpPHBAET aHalu3 JOO0Oro O0TKa3a Ha
n11060M YPOBHE HCNHTAHHMIA, ONIpeeIEHHE ET0 MPHIHHH H BHECEHHE COOT-
BETCTBYIOIIUX H3MEHEHMH B KOHCTPYKLHMIO HJIH B 3KCILUIYaTallHOHHYIO J0-
KYMEHTaLHUIO.

HagexnocTb koMIuiekca JIA o6ecnieunBaeTcs B Ipoliecce 3KCepHMEH-
TaJIbHOH OTPAGOTKH NPH HAa3E€MHHX H JIETHHX HCIHTaHHIX.

ITporpaMma Ha3eMHEIX HCTIIHITAHMH OOWYHO ACJIMTCH HA BA OCHOBHHIX 3Tala:

— MCCJIEA0BaTE/IbCKHE MCIINTAHUS, B COCTaB KOTOPHX BXOAST KOHCTPYK-
TOPCKHe, 0Tpa60oTO4YHHE, JOBOAOYHHE (KBAJIH(HKAIHOHHKE) HCIILTAHNS,

— KOHTPOJIbHO-TEXHOJIOTHYECKHE ([IPHEMOYHHE) HCITHTAHHUS.

Ilesp MccnepoBaTe/IbCKUX MCHHTAHUA — omnpejie/ieHHe BO3MOXHOCTH
CO3/laHUsI KOHCTPYKLIMH H obecnedeHHe CocoOHOCTH pa3palarniBaeMOi
KOHCTPYKIIMM BLHINOJHSATh TpeOyemue (pyHKIMH B T€YEeHHE 3aJJaHHOI'0 Bpe-
MEHHM B JMana3oHe BHEIIHMX YCJOBHH, KOTOPHE MOTYT UMETb MECTO NpPH
Ha3eMHOM MOATOTOBKE KOMILJIEKCA U B IMOJIETE.

O6bexTaMy HCCIeA0BaTEJbCKUX UCITHTAHUHA SBJILIOTCI MaKeT OMNHTHO-
ro o6pasia, oNHTHHA o0pa3el U NPpOMHNIJIEHHHA o6pa3el.

l[le1p KOHTPONBHO-TEXHOJOrMYECKUX (MPHEMOYHHX) HCILTAHUA —
IpOBepKa CEpPUHHHX H3AEJ/JHMH, COOTBETCTBYIOIMX MO KOHCTPYKLHH H3-
AEIHUSAM, npomeAuinM KBaau(pUKAUUMOHHKHE UCIIHTAHUS, HA OTCYTCTBHE
NPpOU3BOACTBEHHHX AedexkToB. IIporpaMMa 3THX UCNHTAHHH BKJKOYAET
OYHKIIMOHAJbHHE MCNHTAHUS M UCNHTAEUMS OTAEJbHHX M3JEJMi Ha
BO3JeiiCTBHE 3KCINJYTALMOHHKX YCJIOBHH NMepeJ X MOHTAXOM, a TaKXe
KOMIJIEKCHHE MCIMHTAHUS CUCTEM MU MOJCUCTEM IMOCJTE MOHTaXa.

3HayeHne KaXxAOro 3Tana MCMNHTAHMN MOXHO OLEHHTh HA NMPHMEpE




[image: image9.png]3KcrnepuMeHTanbHOM oTpaboTku KK «Anoanou»: 67,5% scex XOHCTpPYK-
THBHHX HEJOCTATKOB GHIJI0O 06HApyXeHO NMPH KCCJIe0BATENbCKUX (KBaTH-
¢PHKAHOHHKX) HCNHTAHUAX; 30% KOHCTPYKTHBHHX HEJOCTAaTKOB BHSBHJIH
KOHTPOJIbHO-TEXHOJIOTHYECKHE (IpMEeMOYHHE) HCIIHTAaHUS; Bcero 2,5% He-
AOCTATKOB BHSBHJIM NPEACTAPTOBHEC M JIETHHE MCIHHTAHHUS.

KpoMe Toro, xBaJqu(HKallHOHHLHE UCMHTaHU] BHSBHIH 45,3% npous-
BOJACTBEHHHX JedeKToB, KOHTPOJAbHO-TEXHOJIOrHUeckue — 53,79%, a npex-
CTapTOBHE H JIETHHE HCOHTaHusI — 19%.

YcnoxHenne xoMmiaekcoB JIA Ha/0XHJIO HOBHE, XECTKHEe TpeGOBaHHUS
Ha HH(OPMAIHOHHO-U3MEPHTEIbHYIO CHCTEMY.

Bo-nepBuX, Bo3poc nmoTpeOHHiH 06beM HHpopManuu. Tak, HanmpuMmep,
MEXKOHTHHEHTanbHag Gannaucrrueckas pakera (MBP) tuna «HOnurep»
BMena o6beM uHopManun nopsaka 100 napamerpoB, PKK Tuna «Boc-
xoA», «BocTox» — Ha nopsigok 6osbme (1000 napameTpoB), a MONIHLEE pa-
KeTh-HocuTenn THIa «Catypu» ¢ KK «AnonnoH» U cucrema THna «2OHep-
rusi» — «bypaH» — emnje Ha nopsaoK GoJibmie.

BO-BTOPHX, H3MEHH/IMCh METOAK HCIIOJIb30BaHus U 06paboTku nHDOp-
MallHH [pH NMPOBEAEHHHM HNPEACTAPTOBHX MCNHTAaHUK M B moJiere. Hanpu-
Mep, NPpH NPEACTAapPTOBHX MCNHTAHHSIX NEpecTajd HUCNOJb30BATHCS OT-
Ae/IbHHE U3MEPHTE/IbHHE CHCTEME, BXOASMOIHE B UCMHTATE/IbHEE MYJILTH.
B 3TEX onepaiusix HCNOJIb3YeTcs e€AUHas AMCTAHLHMOHHAS M3MEPHTEJIbHO-
HHOpMaMOHHAs CHCTeMa. Pa3JIMYHOro pojia MCNHTATE/bHEE MyJIbTH 3a-
MEHEHH CYETHO-BHYHCJIHUTEJbHHMH MAaMIMHAMM, KaK Ha3eMHHMH, TaK H
GOpTOBLIMH, H BCE NMPOBEPKH AJITOPUTMH3HPYIOTCS M NPOrPaAMMHPYIOTCS, a
nporpaMMu BBoAsTcS B DLIBM.

B-TperbHX, CymieCTBEHHO YBEJHMYHJICE PAaJHyC ACKCTBHS HHOOpMALMOH-
HO-H3MEPHUTEJbHHX H KOMaHIHLHX CHCTEM mno ymnpasJjieHHio KA: Goabmo
KOMIUIEKC orepauuil BHNojHgercs B paioHe Jlynn, Mapca, BesepHu u Jp.

AHanu3 pe3yabratoB HcnhHTaHui KJIA MoXxeT OHTbL MOAYHMHEH OJHOH
M3 JBYX BO3MOXHHX 3aja4:

— omnpeaenenue cocrosHus KJIA B xoAe BHNOJ/IHEHHMS NoOJieTa ¥ Mpo-
FHO3MPOBAHHE €r0 XapaKTEPHCTHK AJIS MPHUHATHUS ONTUMAJILHHX PEHICHHH
10 BHIIOJIHEHHIO IMOJIHOM 3a/jayd MyCKa WM MPEKPaAmICHHUIO NoJjieTa — pe-
HICHHE THNA «Ja» — «HeT» [/ LieJIeH yIpaBJIeHHUS [M0JIETOM;

— mnoJrydeHue HauboJiee noaHuXx xapakrepucTuk KJIA no pesysibraram
3aKOHYMBIIUXCS HMCIHTAHHH.

OOHYHO 3TH 3a/iauyd B3aMMOCBSI3aHH.

KoHeuyHHM pe3yibTaTOM aHa/JIN3a JO0JIXKHO OnTb MMOJIydeHHE JOCTOBEp-
HHX OMHTHHX AAHHHX IYTEM MaTEMaTHYeCKON 06paGoTKn MHGPOPMALUH.
JTo NMOJIyYEeHHE MATEMAaTHYECKOro OXHAaHMus (CpeAHMX), AUCIIEPCHH, O-
BEPHTEJbHHX UHTEPBAJIOB, 001iei TOYHOCTH, BH/ACJICEHHE HCTUHHHX 3Haye-
HUA nyteM HUJIBTPALMHU 3aMIYMJIEHHHX CHTHAJIOB, MEpecyYeT NnapaMeTpoB
(PYHKIUHHA MO KOCBEHHHWM H3MEPEHUSIM COCTaBJSIONMX (apIrYMEHTOB), CpaB-
HEHHE ONMHTHHX M PaCYETHHX (MPOEKTHHX) A3HHHX H T.A.




[image: image10.png]OpaHaKo B peaJIbHHX YCJOBHIX, 0COGEHHO NpH nepBux myckax KJIA, cn-
Tyalud MOTyT GHTh JOCTAaTOYHO CJOXHHMH. Hanpumep, Bo3MOXeH ciryyals
notepd MH(QOPMaUUH, JHOO MOJHOH C KAaKOro-TO BPEMEHH, JIHG0 YacTud-
yoii. BO3MOXHH TakXe BHXO/JH M3 CTPOS OTJAE/JbHHX y3JI0B, arperaros, CH-
cTeM W, HaKOHell, aBapMiAHasd CHTyalus B noJjere. B mociegHeM cayuyae
qaHa/Iu3 PEe3yJIbTaTOB HCNIHTAaHUA 0COGEHHO HeOOX0AMM, TaK KaK oGHapyXe-
HH KPHTHYECKHE CHTYAallHH, AJIS BHSBJCHHS KOTOPHX, IO CYmECTBY, H
npOBOASTCH MCNHTAHMUI.

[IpH TakHX YCJOXHEHHSAX MPHUXOAUTCHS HCIOJb30BATh AlNAapaT TEOPHH
HCCJEeJ0OBaHHS Oonepal i, TeXHHYECKOH AHArHOCTHKH, ITPOTHO3HPOBAHHUSA H
Apyrue METOAH CHCTEMHOI0 aHa/In3a, YTOOH BHOPATb ONTHMAJIBHYIO CTpa-
Teruio BHISBJICHHS NMEPBONPDHYHMHH ABAPDHHM H Pa3paloTaTbh PEKOMEHJallRM
N0 YCOBEPMIEHCTBOBAHHIO BHSBJIECHHONA KPHTHYHOM CHCTEMH.

OKcnepUMEHTaJIbHAs HaTypHas W JieTHas OoTpafoTka Komiiekca JIA ss-
JISeTCs 3aBepHmalomen 9acTbi0 paGoT M0 MPOEKTHPOBAHHUIO H COo3JaHMI0 JIA.

1.2.

Leau, 3ana9u

U o01ue MEeTOoAbl
3KCIIepHUMEHTAJIbHONU
oTpa6orku JIA

Henbo 3xcnepuMeHTaNbHOM O0TpaGoTkn JIA sBigercs
co3gaHue o6pa3la, MOJHOCTBIO YAOBJETBOpLEOMEro TpeGOBaHUIM TEXHH-
YEeCKOro 3afiaHud Ha Becb KoMmiekc JIA, xoMmiekTylomux ero 6JIOKOB H
arperatoB, Ha3eMHOI0 060pyaoBaHusl, CACTEM 00eClIiCUEeHHS ¥ YIIpaBJICHAL
MyCKOM B 3KCILIyaTallHOHHHX YCJIOBHSX MOATOTOBKH M IIPOBEACHHS MyCKa
M o6ecrnedeHus BCeX YYacTKOB IIOJIETA.

JKcnepHMeHTa/bHas oTpa6oTka JIA oxBaThBaeT CIEAYIOIHE Hanpas-
JIeHUs palor:

1) Ha3zeMHHe HCIHTAaHHUS OTAEJbHHX uacted JIA uam JIA B neaoM B
YCJ0BHSX, MAKCUMaJIbHO MMHUTHPYIOIUX HATYPHHE YCJIOBHS 3KCIIIyaTalHH,
MCC/leJOBaHHME NMapaMEeTPOB B YCJOBHH palboTH cHCTeM H arperaroB JIA;

2) 3KCNEepHMEHTAJIbHOE ONpezeJieHHE JIETHO-TEXHHYECKHX XapaKTepH-
CTHK JIA B xo/€e JIETHHX MCIHTAHHUH;

3) noBOAOYHHE PAGOTH MO M3MEHEHHMI0O KOHCTPYKUHMH JIA M peXHMoB
€ro paGoTH, BHIIOJHIEMbHE Ha OCHOBAaHMHM aHaIn3a Pe3yJIbTATOB YKa3aHHHX
BhHIIlIE 3KCNIEPHMEHTAJIBHEX MCCIeOBaHHUM.

O6Gmue 3aiaud 3KCrepUMeEHTaNbHON o0paGoTkn JIA Moryr OHTH cClie-

Ayl He:




[image: image11.png]l. OneHuTh NPaBHIBHOCTD OCHOBHHX KOHCTPYKTHBHHX H CXEMHHIX pe-
IMEHHR, MOJIOXKEHHHX B OCHOBY IpoekTa JIA, OTKOpPEeKTHPOBaTh MX B MPO-
necce orpaboOTKH.

2. IlpoBepuTs u otpaborarh (yHKIIHOHHDOBaHHe arperatoB JIA, oT-
ACJbHHX KOHCTPYKTHBHHIX Y3JIOB H NPHOOPOB B 3KCIIyaTallHOHHKIX YCJIO-
BHSX B OTpaboTaTh MX B3aUMOJEHCTBHE B 06Niedl KOHCTPYKTHBHOM CXEMe.

3. OnpeaenuTsb JETHO-TEXHHYECKHE XapakTepHUCTHKH JIA B MOJIHOM AH-
ana3oHe YCJOBHM €ro MpHMEHEHHS.

4. UccaepoBarh U B nmpouecce OTpaGOTKH YCTPAaHHUTh NMPHYHHH BCeEX
BO3MOXHHX HEHCNIPABHOCTEH, KOTOPHE MOTYT NMPHBECTH K OTKa3y MJIH aBa-
PHH IIDH NMOATOTOBKE H IyCcKe KOoMILIeKca JIA, K aBapuu KOCMHYECKOTro am-
napara HJIM I'oJIOBHOI0 G6J10Ka C MOJIE3HOM Harpy3koid IpH MoJIeTe C pake-
TON-HOCHTEJIEM HAa aKTUBHOM Y4YaCTKE TPAEKTODHH.

5. HccnepoBarh B B nponecce oTpaGOTKH YCTPAHHTH NMPHYHHH HEHCII-
pPaBHOCTEMH, KOTOPHE MOTYT MPHUBECTH K HADYIEHHIO HOPMAJIBHOrO IMOJETa
JIA Ha OpGHMTa/IBHOM YUYACTKE TPAaEKTOPHH.

6. OTpaGoTaTh TEXHOJIOTHIO 3KCITyaTanun JIA.

7. JoBectn oTpaGOTKy A0 TaKOro COCTOSIHHS, [IPH KOTOPOM IpeAcTap-
TOBas NMOAroToBKa JIA, npoBe/ieHHast B COOTBETCTBUH C 3KCILIYaTAl{HOHHOMK
AOKYMEHTAIHeH, [EJINKOM OMNpEAESIEeT PEXHUM ero MnoJjera, rapaHTHpPYeET
BuBeeHue JIA Ha 3agaHHY1I0 OpOuTYy, 6€30MaCHOCTh 3KHNaXa, BHIIOJHEHHE
3a/ladyd NoJiera U Bo3BpamieHue JIA.

JKCnepuMeHTaNbHasg oTpaboTKa, IBJASICh €CTECTBEHHHM NMPOAOJIXe-
HHEM NPOEKTHPOBAHHMS AMNNapaTa, 3aBE€pMAaeT CO3XaHHE KoMmIljaekca JIA.
OaHako oHa He TOJIBKO SBJISETCS KOHEUYHHM 3BEHOM, HO U CaAMHM TEC-
HHM 06pa3oM mepernJeraeTcsd ¢ 3TanaMi MPOEeKTHPOBAHHS.

[Ipn npoekTnpoBaHuu Kaxaoro JIA yYuTHBAIOTCH HE TOJbKO TEOPETH-
YeCKHE NMPEANOCHJIKH, HO TAaKXE M ONHT COo3AaHusi Apyrux JIA, onurt HxX
OTpPabOTKH, PE3yJbTaTh MPOBEAEHHHX NPH 3TOM HCCJiegoBaHHi. OgHAKO
9THX MATEPHAJIOB OKA3HBAETCSI HEAOCTATOYHO, 0COOEHHO NMPH NMPOEKTHPO-
BAHMH HOBHIX aNnaparoB, CYN|ECTBEHHO OTJIHYAIONIMXCH OT IpejmecTBYIO-
mux. K HoOBOMY anmnapaty NpeAbsSBAsSIOTCS U HOBHE TpeGOBaHUS, BHIOJIHE-
HHE KOTOPHX AaJIEKO HE BCEraa BO3MOXHO C MMOMOIIbIO H3BECTHHX, XOPOMIO
OTpa6OTAaHHHX KOHCTPYKTHBHEIX H CXEMHHX pEelIeHHH.

Bo3nukaer HeOOXOAHMMOCTb B NDMMEHEHHH HOBHX MaTepHaJioB H KOH-
CTPYKL{H#, MPUHIMNIHAJIBHO HOBHX CHCTEM, KOTOPHE K MOMEHTY BpPEMEHH
npoexTupoBaHus (co3zanus) JIA npakTHko# He NMpoBepeHH U 6e3 3TOro He
MOTYT CUMTATHCH AOCTATOYHO HAJEXKHHIMH.

JKCNEepUMEHTa/bHYI0 OTPABOTKY BCE€X 3THX KOHCTPYKTHBHHX HOB-
mecTB He0OOXOAHMO NMPOBOJHTHL OJAHOBPEMEHHO C pa3paGOTKOH 3CKHM3HOrO
MpOEKTa anmnapara, a B psifie Cjy4aeB — CO 3HAUYUTEJIbHHM ONEPEXEHHEM,
TaK KaK 4acTO MMEHHO HEeAOCTaTOK HEOOXOAMMEIX 3KCIEPHMMEHTAJbHHX
AAHHHX 60Jiee BCEro TOPMO3MUT MPOEKTHPOBAHHUE.

HeB03MOXHO CHayasa CIPOEKTHPOBATH annapar B OKOHYaTeJIbHOM Ba-




[image: image12.png]pHaHTe, 3aTEM €ro H3roTOBATH, & MOC/IE 3TOr0 MPHUCTYMNTh K 9KCNEPHMEH-
rasbHOM oTpaborke. KoHcTpykuus JIA nmoayuaercss TOJIbKO KaK pe3yJ/bTaT
oTpaGOTKH HECKOJbKMX MOAM]HKALMHA 3IKCIIEPHUMEHTAJIBHOTO BapHaHTA.

Ou4eBHAHO, UTO 3a/a4d SKCIEPHMEHTA/IbHOM OTPaGOTKM ammapara MOryT
6uTb B MOJHOM Mepe pPEmEeHH JiMIb B TOM CJy4ae, KOrja OHa 3aBepliaeTcd
UCIILITAHHSIMH anmnapara, B HauMeHbIIed CTeleHH OT/IMYalnerocs OT IITaT-
goro o6pasia, B HATYPHHX YCJIOBHSX, T.€. JICTHHMH HCITHITAHHIMH.

OAHAaKO JIETHHE HCIHTAaHUS MOryT OHTb 110 CymecTBYy NMpPOBepKOH pe-
3yJ/IbTaTOB 3KCINEPHMEHTAJILHOA OTPAGOTKH, BHITOJTHEHHOH paHee, [IPH HC-
NHTAHHSX ONLHTHHX aNllapaToB, B TOM HJM MHOH CTEIEHH OT/IMYAIOM{UXCH
OT CO3JaBaecMOro alnmnapara B €ro OKOH4YaTreJbHOM BHJAE.

[Mocne ¢dopMynnpoBaHus obmied e 3KCNEPUMEHTAJbHOK OTPaGOTKH
He00X0/IMMO YCTAHOBHTb CTPOTYIO NMOC/E€A0BaTE/IbHOCTDb €€ mpoBeaeHnd. Taxk,
HalpuMep, MpoBepka TouHocTH BuBeeHHd KJIA nonpocry HeBO3MOXHa, N0Ka
OKOHYAaTeJIbHO He YCTaHOoBJIeHa 00as KOHCTPYKTHBHAs CXEMa aIlapara U He
orpaloTaHH [BHrarejibHas yCTaHOBKa M [pPyTrHe CHCTEMH. JTallH 3KCIepH-
MEHTAJIbHON OTPaGOTKH onpeAesSiOTCS IPH ee MPOEKTHPOBAHMH.

[lepBag 3aga4ya NMPOECKTHPOBAHHUA PKCNEPUMEHTAJIbHOM OTPAGOTKH —
pacnpejeeHne NOJJIeXaluxX peneHuio Npo6JjeM Mo 3Tanam.

Bropas 3aga4a — Ha3HaueHHE H 060CHOBaHHE TpeGOBaHMH K OCHOBHHM
cCpeAcCTBaM OTPaGOTKM: 3aBOACKMM HCMHTATE/]bHHIM CTEHAAM, aBTOHOMHLIM M
KOMIIJIEKCHHIM OTHEBHIM CTEH/[iaM, MCNLTATEJbHHM IOJIMIOHAM M IPHUMEHse-
MOM ITPM MCNHTAHMSX CIEIHAJIBHON H3MEPHTEJILHOHM almnapartype.

Tperbs 3agaua — mpopalboTKa U Ha3HauyeHUE TPeGOBAaHUH K KOHCTPYK-
MM, OCHAN|EHHUIO U JIETHHM XapaKTEPHUCTHKAM FKCIIEPUMEHTAJIbHHX 06pa3-
110B, IPOXOASIIMX HCIHTAHUS Ha KaX/JIOM M3 3TAaNOB, B TOM YUCJIE MAaKeTOB,
JleTaloKUX MOAEJIEH U T.II.

YerBepras 3agaua — pa3paboTKa METOAUKH PENIEHHUS OTAEJbHHX IKC-
NepUMMEHTa/IbHO-HCCJEe0BaTEeJbCKHX 3aa4, CBI3aHHHX C aHAJIM30M B3aH-
MozelcrBus PH M HaszeMHHX MyCKOBHX YCTPOHCTB, C KOHTpPOJieM paGoTH
AY, c onpenenenneM XEeHCTBUTEJBHEX XapaKTEPHCTHK aBTOMAaTa CTaGU/in3a-
LIMH ¥ CUCTEMH CTaGMJIM3allMM L[EHTPAa MacC B IOJIETHHX YCJIOBHSX, C HCCle-
J0BaHMEM CTAOMJIN3ALHKM I'OJIOBHOrO 6JI0K3 MPH MoJIeTax €ro B MJIOTHHX CJI0-
IX aTMOCQEPH, C HUCCJIEJOBAHHEM HMITYyJIbCa MOCJIEACACTBHE, C IPOBEPKOMH
yCj0BHA XxM3HeobecnedeHus mujorupyemoro JIA, ycnoBuil BO3BpalllcHUS H
nocaaku JIA u t.im. Cioga Xxe OTHOCHTCS NpeBapUTEJIbHOE ONpeAeJIEeHHE I10-
TPeGHOro YMCJjia anmnapaTroB Ha KaXJOM 3Tare MCILTaHHUM.

[Iarag 3agaua — NpOEeKTHPOBAHHE CHCTEMH H3MEpPEHHH, o6ecrneunBaio-
€A MpH CTEHAOBHIX M JIETHHX HCIHTAHHUIX HAa KaX/[OM 3TAalE penieHHe
BCEX OroBOpeHHHX MPOTrpaMMaMH BOIMPOCOB.

lllecras 3agaya — NMpOEKTHPOBaHHE OPraHU3al{MM OTHEBHIX CTEH/OBHIX
H JIETHHX MCNHTAHUH aNIapara.

KaxjgoMy 3Tany npoexrupoBanus JIA cooTBeTCTBYeT OmpejeI€HHNIMA
3Tan 3KcnepuMeHTaJIbHOM oTpaboTKu (puc. 1.2).
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[image: image14.png]IIpoexTHpOBaHHE 3KCMEPHMEHTAJbHON OTPaboTKH JIA HOJIXHO MpOBO-
AMThCS MPEXJE BCEro UCXoAs M3 Tuna JIA: xapakTepa CTOSIIMX Mepe HUM
3aj1a4, HOBH3HH H CJOXHOCTH €ro KOHCTpyKuuH. Kak u B KaXJ0#i TEXHH-
yeCKO# 3ajauye, pemicHHe CBOAMTCS K MOUCKY ONTHMAJbHOIO BapHaHTA.
3Ha4YMT, HaA0 ONpEAEJUTb KPUTEPUHM ONTUMAJILHOCTH. OCHOBHHIMHM KpHTe-
pUSMH ONTHMAJIBHOCTH MPHHHUMAIOTCS: CTOMMOCTDh, CPOKH, HaIeXKHOCTb.

[ToHSTHE CTOMMOCTH KaK KPDUTEDHS ONTHUMAJIbHOCTH AOJIXHO BKJIOYATh
B ce6s MOJIHYI0 CTOMMOCTb BCeX paloT, CBS3aHHHX C MPOBeJEHHEM SKCIie-
pHMEHTA Ha BCEX 3Tamnax.

[Ip# 3TOM B CTOMMOCTb MpOrpaMMul 3KCNEPHMEHTaJIbHHX paboT KOJIX-
HH BKJIOYATbCs BCE PACXO/H:

n n n

Cnonu=2 Codp + 2 Cncn.odop + 2 Cynp.m{d) +
1 1 1

n n

n
+ 2 Cue'r + 2 C'rpau + 2 Cncns
1 1 1

rae Cpomy — TOJIHAa# CTOMMOCTBb BCeH NPOIpaMMH 3KCIIEPMMERTAILHOM OTpa-
n

Gotku JIA; 2 Cosp — MOJIHas CyMMapHasl CTOMMOCTb BCEX HEOOXO/(MMHIX OIHT-
1

HHX 00pasl0B HAa KAXJOM 3Tale MCHLITaHWA B KOJHYECTBE, MPEAYCMOTPEHHOM
n n

n n n
NPOrpamMMOH; 2 Chcn. o6op * 2 Cynp. audh » 2 Cuer: 2 Corpan s 2 Cuen —
1 1 1 1 1

CyMMapHasi CTOMMOCTb pafoT, 3aTpadeHHHX Ha BCEX 3Tanax UCMHTAHUH CO-
OTBETCTBEHHO Ha CO3/JaHHE, H3TOTOBJIEHHE U OCBOECHHE HMCILTATEJBLHOTrO
o6opy0BaHHus, Ha CO3/JaHHe KOMaH/AHO-YIPaBJSI0mdX ¥ HHDOPMAIHOHHEIX
CHCTEM, Ha CO3AaHME METOAOB U METOAMK HCINHTAHUH, HA TPAHCIIOPTHPOBKY
00bEeKTOB MCIHTAHHH, Ha HENMOCPEACTBEHHOE NMPOBEAEHHE HMCIHTATEJbHEX
padoT Ha BCeX 3Tanax UCMHTAHHH, N — YUCJIO YpOBHeH (3TAnoB) MCIHTA-
HHHU, OT CaMOro HU3MIEr0o — MCNHTAHUS Marepuasia HJIK 3JIEMEHTa, NpUMe-
HAEMOro B CJIOXHOH TEXHHMYECKOHW CHUCTEME, A0 BHCIIEro — HATyPHHX MC-
NETaHUHA MOJHOCTHIO YKOMILJIEKTOBAHHOM CJIOXHOM CHUCTEMH.

[TonsiTHe CpOKOB CO3/1aHMS CHMCTEMHI KaK KPMTEPHUS ONTHMAJIbHOCTH IPO-
rpaMMu 0603HauaeT oOmIMiA LMKJI 3KCNEepUMEeHTaJbHHX pador. CokpameHue
€ro BO3MOXHO IMpH NMapaljIeJIbHOCTH BeJleHusl paCOTH C [JIAHKPOBAHHUEM I10 Ce-
TEBOMY rpauKy.

[ToHsTHE HafieXXHOCTH KaK KPUTEPHUS ONTHUMA/TbHOCTH MPOrpaMMH 3KC-
NEpUMEHTAJIbHOK OTPAaBOTKHM BKJIIOUAET B ce0s JOCTAaTOYHO HIMPOKHE Tpe-
GoBaHusi. DTO nMpexze Bcero obecneyeHue 3ajaHHON GE30TKa3HOCTH BCel




[image: image15.png]CHCTEMH B YCJIOBHSIX FKCIJIyaTallHd ¥ B HEKOTOPHX HENITATHHX CHTYaI[HIX.
ITo Takxe Heo6xogMMas JOCTOBEPHOCTb M TOYHOCTb IKCIIEPHMEHTAILHO-
ro NOoJiy4YeHHs OCHOBHHX NMapaMETPOB CHCTEM, MOATBEPXKAAIOIMHKX obGecrie-
YE€HHE JOCTHXEHHS 1[€JH, MOCTABJICHHON Nnepej co3qaBaeMOM CJOXHOM
TEXHHUYECKOH cucreMmoi. CieayeT UMETb B BUAY, YTO BHCOKHE TEMIIH TEX-
HHYECKOr0 YCJIOXXHEHHSI KOHCTPYKLEM M KOMILJIeKCa GOPTOBHX CHCTEM H
cdcTeM obecnedeHus Mycka u noJiera JIA coxpaHsitcs ¥ B GyAymeM.

JKcnepuMeHTaNdbHas oTpaboTka JIA npoBogKTCS B ompejesieHHOM mo-
caegoBarenbHocTd (puc. 1.3).

Haunnalorcs paGoTnl ¢ H3yyeHHs mpoektupyemoro JIA xak o6bexkra Hc-
nutaHui (610k 000), npeacrasasionero co60il CI0XHYI0 TEXHHIECKYIO CHC-
TEMY C BHpaXeHHHMH 0CoO6eHHOCTIMHU. B nepByio ouepeab, 3T0 HOBH3HA 00h-
€KTa, B3aMMOBJIMIHHE COCTABJISIOMHX MMOACUCTEM (KOMIIOHEHTOB) M LIEJIOCT-
HOCTb 00BbEKTa, TpeGOBaHHS K €ro HafAeXHoCTH 4 Ap. [lanee Ha OCHOBE BH-
SBJIEHHHX OCOGEHHOCTEH 00beKTa MCIINTAHU IMPOM3BOANTCS NJIAHUPOBAHHE
akcniepuMenTa (6Jiox 001). O6men3BeCTHO, YTO CJIOXHYIO TEXHHYECKYIO CHC-
TEMY 3KCIIEpMMEHTAJIbHO O0TpafoTaTh 33 OAMH 3TAall MCIHTAHHA HEBO3MOXHO,
no3ToMy 0G0CHOBHBAIOTCS HEOOXOAMMHEE 3TaNk (YPOBHH) MCIHTAHHMA, ompe-
AENSIOTCS ey, 3afauyd, 00beM MCMLTAHHN (BH/AH, THIIH W KOJHYECTBO Ma-
KETOB M ONKITHHX 00pa3loB) AJig Kaxjoro 3rana (6jok 001).

Ha ocHOBe 1J1aHOB 3KCIIEPHMEHTOB BHPabaTHBAIOTCH TPeGOBAHHUS K MCILITa-
TEJbHLIM 6a3aM, CTEHAAM M CHCTeMaM MH(OpMAIIHK ¥ RBBTOMATH3HPOBAHHOTO YTI-
paBjieHus HcuuraHusMi (6710x 010). CaegyomuMm 3BeHOM SIBJISETCS IPOEKTHPO-
BaHMe, CoCcTaBJieHHe T3, KypHpOBaHHE U OCBOEHHE MCIHTATEIbHHX Ga3, CTEeH 0B
M CHCTEM aBTOMATH3MPOBAHHOIO ynpasJieHuss HcnuraHusasMu (6j0k 011).

[Tocae ocBOEHHSI MCMIHNTATEJbHHX CPEJCTB 3KCIEPHMEHTATOP MPOBO-
AUT HeoOXOAMMEHE Ha3eMHHE HCIIHNTAaHUS OCHOBHHX 6JI0KOB M JIA B 1e-
JIOM: MEXaHMUYECKHE, 3JIEKTPMYECKHEe, TEeNJOBHE, OTHEBHE, BAKYyYMHHE
B T.X. (610K 012).

ITocne 3THX onepalHi BO3MOXEH IMEepPeXoa K NMPOBEAEHHMIO HATYPHHIX,
NpeACTapPTOBLHIX M JIETHHX MCNLHTAHHH xoMmmiekca JIA (6aok 002).

3areM NPOBOAMTCS aBTOMAaTU3UPOBAHHAS M METPOJIOrHYEecKas o0paboT-
xka nHpopmaunu (610K 003).

Ha cnegyomem 3Tane pe3y/ibTaTh UCIKTAHUA COMOCTABSIOTCH C Xapax-
TEPUCTHKAMH, NMOJIYYCHHHMH IIPH MPOEKTHHX pacyerax,  06o6maorcs. Bu-
paGaTHBaITCHS PEKOMEH/ALIMY N0 YCTPAHEHHUIO HEA0CTATKOB. B HeoO6xoAUMHX
CJIy4YasiXx MPOBOJAMUTCH TEXHUYECKasi AMArHOCTHKA BHSBJIEHHHX B X0/l€ HCILTA-
HUii Ha J1000M YypOBHE OTKa30B M HeucrnpaBHocTe# (60K 004).

3aKk/II0YNTEbHEM 3TalNoOM 3KCNEPUMEHTANBHEX PaboT SBJASETCS MPUHS-
THE PelleHHUd 0 MOATBEPXAECHHUU OCHOBHRHX TEXHHYECKUX XAPAKTEPUCTHK 06b-
€KTa MCIIHTAHUN M O npekpalieHuH ucnutaHun (60K 005).

[lapannenbHo ¢ paGoraMu, 0603Ha4CHHHMH B NNPAaBOM BETBH CXEMH
(6a0ku 010, 011, 012), npoBoasiTcs paGoTH, 0603HauEHHKE B JIEBOM BETBH
(610ku 020, 021, 022, 023).
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[image: image17.png]KoMijiekcHas
3KCIIEpHMEHTaJIbHasd
oTpa6oTKa JIA

IIpn NpOEKTHPOBAHMH 3KCIEPDHMEHTAJIbHOM OTPAaGOTKE
HeoOXOAHMO PYKOBOACTBOBATHLCH CAEAYIOMHUMHA OCHOBHHIMH NPHHIIMIIAMM:

— MaKCHMAaJIbHO HMCHOJIL30BaTh MMEIOMmMHuNicS ONHT, cobaoaaTh Heol-
XOAHMYI0 MOCJIEAOBATEJIBLHOCTh PaloT;

— oTpafaTHBaTbh 3JEMEHTH, y3JIh, CHCTEMH, arperarn, 6J10KH Ha ca-
MHX HH3IIMX YPOBHEX (3Tanax) HEpapXMu HCILHTAHHMA.

Ha 3TEX npEHOunax OCHOBaHH CJACAYIONHE PEKOMEHallHH:

1. OTpa6GoTKa HOBHIX KOHCTPYKIHA M CHCTEM JOJIXHA NMPOHM3BOAMUTHCH,
0 BO3MOXHOCTH, HA Ha3€MHHX CTEHJaX, HMHTHDYIOIUX YCJIOBHS II0JIETA,
H Ha paHee co3xaHHHX JIA, xoMnaekcHuX PKC.

2. Cnegyer MakCHMaJIbHO MCIIOJIb30BaTh OTpPa0oTaHHHE paHee arpera-
TH, CHCTEMH, GJIOKH H T.J.

3. PaGoTH [OJIXHH BECTHCH [IapajljIeIbHO 10 BCEM CHCTeMaM, 6JI0KaM
H, 10 BO3MOXHOCTH, onepanusM pa6oth PKC, c nnaHMpoBaHdeM mo cere-
BOMY rpadBKy, 4TO AaeT cOKpameHHe ofmero nuxja pador.

OTpaloTaHHHE Ha NOA3Tanax KOHCTPYKIOHH, 6JIOKH, arperaT H HOBHE
CHACTEMH MOTYT MATH CaMOCTOSTEJIbHO B 3KCILIYATAlMIO TaK Xe€, KaK YHH-
¢unEpoBaHHHE COCTaBAgOIMKEe, BXoagsmue B pasauuHne PKC.

4. TIoCKONIBKY JIETHHE MCIHTAaHHS KOMIUIekca JIA — BHcmui ypoBeHb
HEpApXMH 3KCNEPHUMEHTAJIbHOR OTPAGOTKH, OHH ITPOBOASTCS HE JJIS OTpa-
6oTKm cucTeM, 0JIOKOB, arperaTos, a AJIi NMPOBEPKH HPABHJIbHOCTH YCJIO-
BAA npoBeficHHS OTPA6OTKH Ha 60Jiee HH3KMX YPOBHSX HEPAPXHH HCIHTA-
HEM (ypoBeHb OGJIOKOB, MAaKETOB) H IJIS BHIIOJIHEHHUS NMpSMOM 3agadu (MIH
YacTH €€), HOCTaBJIeHHOH nepexn JIA nmo TexHuuecKkoMy 3aiaHHIO.

VKazaHHHE BHIIE PEKOMEHIAIHH HEOAHOKPATHO PEaJIi30BHBAJIACh
OPH CO3JaHHH OTe4eCTBEHHHX JIA.

Ilepex co3maHmeM MHOrOCTYNEHYATON paKeTH-HOCHTE/S THna «Bocxom»
HeoOX0oAMMHeE [JISl ee CyIleCTBOBAHHS CHCTEML: PEryJIMpOBaHUs Kaxymencs
CKOPOCTH, OZHOBpeMeHHOro onopoxHenus G6akos (COB), paguoymnpaBieHHs
M TeJIeMETpHH H AP. — OTpaGaTHBaJIACb HA paHee OTpaGOTaHHOW OAHOCTY-
[IEHYaTOH paKeTe.

ITocae co3gaHus M OCYyHIECTBJIEHMS MMOJIETa [EPBOro CIyTHHKA AJ19 obecrne-
YEeHHS I10JIeTa NEPBOrO YeJIOBEKA B KOCMOC Ohlsla MOgH(HIIMPOBaHa paKera-Ho-
CHTEJIb C Ao6aBieHueM 0JI0Ka 3-H CTYNEHM; Ha MMJIOTHPyeMOM KopalJie ObUIH
HCIIOJIb30BaHH KOHCTPYKTHBHLIE ITPHHIMIIN H CHCTEMH, 0TPaGOTaHHHE Ha CITyT-
HHMKaX C XMBOTHHMH, MAHEKEHaMH, HA JIYyHHMKAX, TaKMe, KAK CHCTEMa OPUEHTa-
L[MH, KOPPEKI[HH TPACKTOPHH, CHCTEMEl MMPU3EMJIEHHS, TOPMOXKEHHUS U AD.




[image: image18.png]AHaJIOTHYHHE NPHHIHMNHW NMPOBEACHAS 3KCHEPHMEHTAJbLHOM OTpaloT-
xH TaKXe HCNOJb30BajliiCh B MpakTHKe pa3paboTku JIA 3apyGeXHHMH
crelHaJHCTaMH. :

Ha 0CHOBAHHHM NPHHSTHX KPHTEDHEB ONTHMAJILHOCTH NPOrpaMMH 3KC-
1epMMEHTAJIbHOA OTPAGOTKH, & Taxxe 0006MEHNS MPUBEAECHHHX BHIIE
pUHIHIIOB H ONHTA BHIOJHEHHS NpPOrpaMM 3KCNEPHMEHTAJIbHOH OTpa-
soTku JIA MOXHO IPEACTABHTh CTPYKTYPY 3KCIEPHMEHTaIbHOR OTPaGOTKH
JIA XxaK MHOIOypoBHEBYIO, HEpapXHuecKylo, aflanTHBHyI0, ¢ o6paTHofl
cBS3bI0 H BO3MOXHOCTLIO BO3BpAIICHUS Ha 060N HH3MMA ypOBEHb OTpa-
6orkn. Ko/JIMueCTBO YPOBHEH CXEMH 3aBHCHT OT CTENCHH CJIOXHOCTH CHC-
TeMh M HOBH3HH CO3JaBAEMOro KOMILIEKCa.

CTPYKTYPHYIO CXeMy SKCIEpHMEHTaJbHOM OTPaGOTKH KOoMIUiekca JIA
MOXHO MPEICTaBHTh B BHAE CEMH HEpapXMYeCKuX ypoBHel (puc. 1.4).

YposeHb I. KOHTPOJ/Ib HCXOJHHX MaTEpPHaJIOB H 3/IEMEHTOB Ha CTa-
6uABHOCTh (PU3HUYECKHX, XHMHYECKHX, TEXHOJIOTHIECKHX H APYTHX CBOACTB
M MOATBEPX/JEHHE BO3MOXHOCTH HX MDUMEHEHHUS AJIS Y3JI0B H arperaros B
coorBeTcTBHH ¢ T3 Ha co3gaBaeMHE CHCTEMH.

Heo6X0oAMMOCTh KOHTPOJISS Ka4eCTBa MaTepHaJioB, 0COGEHHO HOBHX, BHOBh
paspaGaTHBaeMHX CIEHAJbHO /Il CO3/1aBAEMOH CHCTEMH, BO3HHUKAET NDH
MPOBEPKE MX COOTBETCTBHS TEXHHYECKHMM, [TACIOPTHHM AAHHHM €me A0 3amy-
cka X B ITPOM3BOJACTBO. 3areM 3TOT KOHTPOJIbL HEOGXOAHM B mponecce NMpor3-
BO/ICTBA, €CJIH OOHAPYXHBAIOTCH KaKue-JIH60 OTKJIOHEHHS B IIPeyCMOTPEHHRX
TEXHOJIOTHUYECKHX PEeXHMaX X 06paGOTKH MJIM €CJIH U3rOTOBJISEMHE B3 HHX fe-
TaH HE OTBEYAIOT NpEAbIBsSEMuHM TpeCoBaHMsM. YpesBnualiHO BaXHLIM SB-
JseTcs KOHTPOJIb MaTepHaJIOB Ha BHIIOJHEHUE TpeGoBaHu#, (popMyMpyeMEIX
o pe3yjibTaTaM HCIILTAHHIA H3Je/IHA Ha KaXJOM 9Jrane, KOrja NnmpoBOJHUTCH
aHa/TM3 MPUYHH OTKA30B MJIH OTKJIOHEHHMH TEX WJIM APYIHMX XapaKTEDHCTHK pa-
GotocriocoSHocTH. [Ipn 3TOM B psae ciydyaeB MOryT yTouHsThcs T3 Ha Mare-
pHaJIH, €CJIM AaXe NPH MaJIOBEPOSTHHX OTKJIOHEHHSIX YCJIOBHH UCNLITAHHA HIH
9KCILUTyaTalMy M3-3a 3THX MaTepHaJioB HemTaTrHad 00CTaHOBKA MOXET IpeBpa-
THTHCSI B aBapHiHYI0, KaTacTpouuecKyo. Tak, HanpuMep, MPH HCILTaHASX
KOCMHYecKoro Kopadas «AnosuyioH-VIII» npu KOPpOTKOM 3aMHIKAHHH B 3JIEKT-
pocHCcTeMe BO3HMK I10Xap C BHACJIEHHEM MDA CrOpaHHH ILTACTMACCOBHX JleTa-
JIed 9J0BHTHIX I'a30B, UTO IPHUBEJIO K F'H0E/IH aCTPOHABTOB. _

Yposens Il. OxcnepuMeHTabHag OTPA6OTK2 H KOHTPOJBHO-A0BOAOY-
HhlE€ UCNHTaHHS OTAEJbHHX y3/10B, IpUOOPOB, arperaroB, CBS3¢i Ha BH-
NOJIHEHUME MPOEKTHHX, KOHCTPYKTHBHEX (PYHKIHA H CTaGHJIbHOCTh HX Ka-
dYectB B cooTBeTCTBUM ¢ T3 B yc/0oBHSX, NOAOOHHX pa6oduM (MM 3agaH-
HhM XyJamidM, Npejie/IbHEM) YCJ0BHSM (CHJIOBHE HArpys3kH, Meperpys3KH,
BUOpaiiuu, TeMneparypu, BaKyyM, 3JIEKTPDHYE€CKHE Harpy3kd, HaBOAKH H
Mp. ¢ yyeToM IepexoAHHX MPOLECCOB BKIIOYEHHUS, BHKJIIOUCHHS CHCTEM,
UHKJIW CHATHS HAarpy3okK M T.[A.).

Yporens III. DkcrnepuMenTanbHas oTpa6oTKa ¥ JOBOJOYHHE HCMHTA-
HHS cucTeM B L{€JIOM Ha BHIIOJIHEHHE NPOEKTHHX (PYHKIHHA B COOTBETCTBHH
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[image: image20.png]¢ T3 B paGo4HX YCJOBHSX HJIH B YCJIOBHSIX, HMHTHDYIOIIAX paGoune yCJo-
pus Ha u3feaun. CBS3M B cHCTEMaX (M MeXJAY CHCTEMaMHK) AOJIXHH OHTh
oTpaCOTaHH TaK Xe, KaK 3JIeMEHTH (cM. yposens II).

Ha 3ToM ypoOBHE TakXe BHSABJSIOTCHS BO3MOXHHE HEMTATHHE CHTYallHR
B CHCTEME NMPH OTKa3e OTJE/IbHHX 3JIEMEHTOB HJIM Y3JIOB.

Hcouranng ypoBHS III moryr OHThL OueHb pasHOO6pa3HE B MHOTMOYHCJIEH-
HH — 3TO, N0 CYIECTBY, OCHOBHHE OTPaG0TOYHHE K MPHEMOCAATOYHHE, aB-
TOHOMHKIE HCHHTAHHUS COCTABJISIONIHX CHCTEM (MIOACHCTEM) nepes MOCTaHOB-
xo#i Mx Ha JIA. 31ech U MoAEIHPOBaHHE CHCTeM Ha DBM, u npoxyska mMoae-
jge#t B a3POAHHAMHAYECKHX ¥ ra3ofAHaMHM4YeCcKHX Tpy6ax, H oTpaGoTKa TEILIO-
3a0ATH Ha ra30JHHAMHYeCKHE HArpy3KH, XOJIOAHHE MPOJIMBKA CHCTEM H Ma-
racTpasieit IY, NPOYHOCTHHE UCIIHTAHUS KOHCTPYKTHBHHX 3JIEMEHTOB, 3J1€K-
TpHYECKHE UCNHTAHHS, KIAMAaTHIECKHE HCITHTAHHS, HCIIHTAHHS HA CTADEHHE,
MCIIHTAHHS CHCTEM pa3/leJICHHd, OTKDHITHS COJIHEYHHX Oarapeilt, repMeTHY-
HHX OLJII030B, JICHTOYHHX aHTEHH H T.A.

Ha 3TOM ypoBHe TaKXe NpPOBOASTCH MCINLTAHHS HAa HAJ€XHOCTb, BHSB-
JISIOTCS BO3MOXHHE HEITAaTHHE CHTYallHH B CHCTEME NPH 0TKa3e OTAEJb-
HHX 3JIEMEHTOB HJIH Y3JI0B. BHSBJSIOTCS 3aBUCHMOCTH H3MEHEHHUS Xapak-
TEPHCTHK CHCTEMH (KaK BHIXOAHHX [IApAMETPOB, TaKk H O00ECMEeYHBalONHX
HafleXHOCTh PYHKIIMOHHPOBAHHUS) OT BO3MOXHEX BapHal Ui 5KCITyaTalH-
OHHHX YCJIOBHM, IPEJBAPHTENbLHO YCTAHOBJICHHHX B T3 Ha cucremy. On-
pefieiseTcd BEPOSTHOCTb B KDHTHYHOCTbh 0TKa30B. JlepecMaTpuBaloTcs 3a-
NaHHHE 3anacH HAaJEXHOCTH, CTCIICHH PE€3E€PBHPOBAHUS CHCTEMH.

Yposenb IV. DxcnepuMeHTa/IbHas KOMIIJIEKCHas oTpa60TKa MaKETOB,
ONHTHHX 06pa3oB, OTAEABHHX 0J10K0B, JIA B 1eJIoM, B TOM 4YHCJIE MO YTO4-
HeHHI0 ycjoBult T3, feACTBATE/IbHEX HATYPHHX YCJIOBHH, C YIETOM HOBH3HH
ONKWTHHX paloT, N0 KOHTPOJIO KOHCTPYKTHBHOIO M TEXHOJIOMMYECKOI'O BhH-
MOJIHEHUS H COBMECTHMOCTH CHCTEM.

KoMmnnexcHas oTrpaG0oTKa Ha 3TOM YPOBHE pa3jejieHa Ha CJeAylomHue
HalnpaBJ/ICHHY

a) NPOYHOCTHHE HCNHTAHHE, CTATHYECKHE H JUHamu4deckue (BuOpa-
HH) IPH HArpyXeHHIX;

6) HCIHTAHAS Ha paGoTOCNOCOGHOCTh B YCJIOBHSX BaKyyMa (B 6apokaMepax);

B) HCHHTAHHAY HA 3JICKTPHYECKHE HATDYXCHHUS;

I') MPAMEPOYHHE MCNLHTAHHS HAa CTAPTOBOM CTOJIEC alapaTa BMECTe C
HOCHTEJIEM M Ha3eMHHM O00ODYAOBAHHEM;

A) 3KCIEPHMEHTAJIbHHE JIETHHE HCIOHTAHHS OTAEJIbHHX GJIOKOB HJH
MaKeTOB Ha caMoJieTax HJIH APYrux paHee oTpaGoTtaHHux JIA;

e) orpa6oTKa H3MEPHTEJIbHHX CHCTEM COBMECTHO C OCHOBHHMH (CO-
BMECTHMOCTb, JOIMYCTHMHE YPOBHH IIOMEX, TOYHOCTD);

X) OrHeBHe HCNHTAHHSA; CTEHAOBHE OTHEBHE HMCINHTAHUS SKCIIEDHUMCH-
TQIbHHX CTyNEHed U OTHEeBHE NMPHEMOYHHE HCIMHTaHMUA JIETHHX CTyNeHel;

3) KOMIIJIEKCHHE HCIHTAHUS 3JIEKTPHYECKHX, MEXaHHIECKHX, THEBMA-
THYECKHX, FrHJPABJIHYECKHX CHCTEM.




[image: image21.png]Cnegyer oTMETHTB, YTO [0 CYIECTBY TOJbKO YPOBeHb 1V HCNHTaAHUM
SBJISETCS Hada/ibHHM, MepBHM YPOBHEM MCNLTAHHM CJOXHOH TEXHHYeE-
CKOM CHCTeMH B LeJIoOM. Bce npeanaymde YPOBHH HCNHTAHHA OHJIH HC-
NHTAaHUAMH TOJIBKO cocraBasiomux nojgcucreMm. IlosatoMy cnenmaaucr-
IKCMEPHUMEHTATODP, HCNLHTATENb CJOXHHX TEXHHYECKMX CHCTEM HadHHaeT
CBOI0 pa6oTy TOJIbLKO Ha ypoBHe IV ucnuranui. Ha npeguaymux ypoBHEX
HCIOHTAHUH OCHOBHHE pafoTH NMPOBOAAT, KaK NpPaBHJIO, CNIE{HAJHCTH -
CMEXHHMKH, H3rOTOBJISIOMHKE OTAEJbHHE KOMIIOHEHTH, NOACHCTEME. OqHa-
KO OHHM [0J/DKHH PYKOBOACTBOBAThCS OCHOBHHMH MOJIOXEHHUSIMH IO NPOBE-
AEHHIO HCIHTaHUM, CO0JIIOAaTh PEXHMH HArpyXeHHM, YYHTHIBas B3aHMO-
BJIMSHHE CTHKYEMHX CHCTEM, C YTOYHEHHEM HX Ha 60Jiee BHCOKHX YPOBHSX
3KCNepUMEHTaIbHOK oTpaboTku JIA.

YposeHp V. KOHTpPOJIBHO-IIPOBEPOUHHE, JOBOJOYHHE, KOMIIJIEKCHHE
HCILTAHHS MTATHHX 6J0KkOB ¥ JIA B nesoM:

a) BXOXHON KOHTPOJIb CHCTEM HJIH OTAEJbHO MOCTABJISEMHX Y3JIOB,
npu6opoB, arperaTos;

6) KOHTPOJIb H A0OBOJKA MOHTaXHO-COOPO4YHHX paloT. IIpo3BoHKa Ka-
GeJIbHOM CETH, MPOBEPKa LEJOCTHOCTH M30JISIHH 3JIEKTPOCXEM;

B) Ha3eMHH# KOHTPOJIb BCEX 3JEKTPHYECKHX HArPyXECHHH# H TOYHOCTH
nokasarejieid HyHKIIHOHHPOBAHHUS BCEX CHCTEM;

r) MITaTHHE KOHTPOJIbHHE NMPOBEPKH BCEX MEXAHHYECKHX YCTPOMCTB Ha
eJIOCTHOCTh U PYHKIIMOHHPOBAHHE;

A) IITaTHHE KOHTPOJIbHHE KOMIIJIEKCHHE MPOBEPKHM BCEX CHCTEM (CH-
JIOBHIX, aBTOMATHY€ECKHUX, 3JIEKTPHUECKHX, BCIIOMOraTe/JbHHX H Ap.) Ha HX
HOpPMaJibHO€ (DYHKI[HOHHDOBAHHE B 11€JIOM H I'OTOBHOCTb.

BrisiBJileHHE OTHOCHTEJBHO CJIa0HX MECT CHCTEeM, BO3MOXHRX MPHYHH
HEMTAaTHHX, aBADHHHHX CHTYyal Ui, HEOOXOAMMOCTH BBEJCHHS pE3epBUPY-
IOMKX 3JIEMEHTOB B CHCTEMHE NNPH BHCOKOH KPHTHYHOCTH OTKa30B M MaJIHX
3anacax HaJeXHOCTH H onpejc/ieHAe MyTed BHXOAa M3 HEIITAaTHHX CUTY-
alMil [MpH MaJIHX BEPOSATHOCTSX H MaJIOH KPDUTHYHOCTH OTKa30B.

Yposenn V1. Iloaroroska u nNpoBeAEHUE JIETHO-KOHCTPYKTOPCKHX MC-
nutaHuit (JIKH). KoMniekCHHE KOHTPOJIbHO-IIPOBEPOYHLE, JOBOJOYHHE
HcnuTaHug JIA B 11eJioM ¢ Ha3eMHHM O00OpPYAOBaHUEM: MyCKOBHM, CTapTO-
BLIM, H3MEPHTEJbHHM, YNPaBASIOM{UM. BHCIIH# ypOBEHb HEPAPXHH.

Yposenn VII. O6paGorka u aHaau3 pesyabraroB JIKHM c Bo3BparoMm Ha
JI060i HUXHHI YPOBEHb HEPADXHUH MPDH BHISBJIECHHUH HEJOCTAaTKOB H YTOYHE-
HHe TpeGoBaHui (YCJOBHI) K OTAEJIbHHM CHCTEMaM, y3JilaM H arperaram.

B cBS3M ¢ TeM, YTO MPHUHATA ajantuBHas (MpHcNocaGJauBaOIAsICI) CH-
cTeMa oTpaboTKH, A0JXHAa OHTb NMPEAYCMOTPEHa BO3MOXHOCTb BO3Bpalle-
HMS Ha HUXHUHA ypoBeHb OTPaGOTKHM C Jilo6oro 3rama, B BHAe o6paTHOM
CBSI3M 110 M€pEe HAKOIlJIEeHHs MH(OpMAlMH Ha BHCIIEM YPOBHE.

IIpuusaTas Mepapxuueckas MHOTOYPOBHEBAs CXeMa 3KCIIEPHMEHTAJIb-
HO# OTpAaGOTKH MO3BOJISET BHpaGoTaTh METOAH NMJaHHPOBaHHA 06bEMOB
MCNLHTAaHUH#, OCHOBHBAIOL[MECHS HA CJEAYIOMHUX MOJOXECHHAX:




[image: image22.png]— YEM BHIIEC HEPAPDXHUYECCKHH YPOBEHb OTPAOOTKH, TEM MEHBLIIECE KOJIHUYE-
CTBO MCNNTAHHA HeOOX0aAMMO A9 obecrieueHHs oTpaGoOTKH, T.e. cxeMa Inpef-
cTaBjsgeT CcoCON NMUpaMuJy C MIMPDOKMM OCHOBaHMEM B BHAe ypoBHSH I, cxoas-
n(y10cs B BEpIIMHy YPOBHS VI, Tak Kax ypoBeHb VI, SB/1SCh CAMOCTOSTE/IbHEIM,
Bce Xe npeacrasiser cobfoit xak 6H MpoAo/DKeHHe YpoBHS VI nepapxuu;

— Tpe6oBaHud K 3KCINIEpPUMEHTaJIbHEM o6pa3naM JIA B 11eJioM HJIH ero
6JJOKOB IO KOJIHYECTBY M CTENEHH OTOOGpaXEHHS KOMILJIEKCA HATYPHOIro
(1eTHOT'O, MITATHOr'0) M3/JE/IHS ONPEAEAAIOTCH BO3MOXKHOCTSMH 3aaHUS H
BOCITPOH3BeACHAS PaGoYMX YCJIOBHMA HJIH O0TPAGOKH OTHAE/IbHHX CHCTEM.

VKa3zaHHHE BHIIE TOJOXEHHS MO3BOJISIOT ONTHMH3KPOBATh IPOrpaMMy
3KCNEepUMEHTaIbHOM 0TpaGoTkM. OHM JalOT BO3MOXHOCTh CO3AaTh (hHu3nde-
CKHE W MaTeMaTHYeCKHE MOJE/IH KaXoro 3rana (ypoBHSI) HCIILITAHHM, YTO I10-
3B0JISIET BHIOPATh MaTeMaTHUYECKHMHA anmnapar aJiss o0paGoTKH pe3y/IbTaTOB H3Me-
pEHH#A, aHAJIH32 PE3YJIbTATOB HCIHTAaHHH, MIOHCKA HEHCIPABHOCTEH, TEXHHYE-
CKOM AMArHOCTHKH, IMpOorHo3upoBaHus. Ucxoas u3 TpefoBaHM#A K Mepapxuuie-
CKMM YPOBHSM 3KCIIEPHUMEHTAJILHOM OTPAaGOTKH, ONpeAesiIOTCS 00beMul MCITh-
TaHHA OJI9 KaXoro ypoBHd. Ha HMDKHMX YPOBHSIX MPOBOASTCS MacCOBHE HC-
NLITAHHUS AJIS BHISBJICHHS HEOJHOPDOAHOCTEH, MHKPOCTPYKTYPHHX Ae(EKTOB H
peZiKO BCTPEYAIOIUXCS MPOU3BOACTBEHHHX A€(EKTOB 3JIEMEHTOB, @ Ha BEpDXHHX
YPOBHSX — €/IHHHYHHE MCNLITAHUS TOJIbKO /AJIS BHISIBJICHHS 4acTO BCTPEYalo-
muxcsl (CHCTEMaTH4YECKHX) KOHCTPYKTHBHHX H IMPOMU3BOJCTBEHHHX Ae(EeKTOB,
KOTOPHE MOTYT BO3HHUKHYTb ITPH COOPKE 3JIEMEHTOB B Y3JIW U CHCTEMH, a TaKXe
11s1 onpefenieHns (YTOUHEHHS ) yCoBuil paGoThl CHCTEM M y3710B. Tak, s nmpo-
rpamM Brcmuero yposHs uepapxun JIKH nocuresei B CIIA (THna «CarypH-5»)
XapakTepHA TCHACHIUS COKPAMIEHHS YHMCJIA IyCKOB, KOTOpas AOCTHIJIA HA Ha-
CTOSIIUM MOMEHT, MO-BHAMMOMY, npegena: 1 — 2 mycka.

1.4.
Kiaaccudukauus
UCIIBITAHUN

YuurtnBas cnenuduky JIA Kax CJ0XHON TEXHHUYECKOMH
CUCTEMH, MOMKWTAEMCS CHCTEMATH3UPOBAaTh BHL €ro HCIIHTAHHH, NMOJb3Yy-
iCb Metoposoruent, npeaycMorpeHHon 'OCT 16504-81 «HcnnTanug u
KOHTDPOJIb Ka4eCTBa NMPOAYKIIHH».

OcHoBanusMHU AN9 KnacCK(MhHUKAIMM HCITHTAHHA MOTYT CIIYXHTh CJIeAy-
OlMe npu3HaKH.

1. Hasnauenue ucnuraumit. ITo 3TOMy NpH3HAKy MCHHTAHUS AEJSTCH
Ha cienyomue BUAK: HCCIEAOBATEJbCKHE, KOHTPOJIbHHE, CPAaBHHTE/IbHHE
H onpeaesnuTesIbHHE.




[image: image23.png]Hccredosamenvckue ucnsimarus NPpoOBOASTCH /IS H3YYEeHHS onpe/e-
JIEHHHX XapaKTePHCTHK cBOMCTB 06bekTa. UccnenoBarenbckue (HaydHHeE)
HCNHTAHHS HEOOXOAMMH [JiS YCTAHOBJIEHHAS Ka4eCTBEHHHX H KOJIHYECT-
BEHHHX COOTHOIIEHHNA XapaKTEPUCTHK /IS PaHee HEM3BECTHLHIX CHTyaIlHi,
AJIS COMOCTABJIEHUY M MIOCTPOECHHUS HOBHX I'HIOTE3 H Teopui. Uccaenona-
TE€JbCKHE MCNHTAHHUA NPOBOAATCH C LEJabIO:

— ompejeseHUus CTPYKTYPHOH COBMECTHMOCTH BCeX BHOGPDAHHHX MOJK-
CHCTEM, COCTABJISIOMHUX CJIOXHYI0 TEXHHUYECKYI0 CHCTEMY H CIOCOOGCTBYIO-
MHUX JOCTHXXEHHUIO EAHMHOM IEJIM, MOCTABJICHHOMN Mepex CACTEMOR KaK 00b-
€KTOM HMCHHTAHHMW HA BLICIIEM YPOBHE H Ha KaXJOM 3Tane HCIHTaHHK,

— ONpPEAEJICHHS HJIH OLIEHOK MoKa3areel KadecTBa PyHKIIHOHHPOBa-
HHUS HCNMEHTYEeMOro 06b€KTa B ONPEJEJICHHHX YCJOBHSX €r0 NMPUMEHEHHS

— BHIOOpa HaMJIYYIIHX PEXHMOB IIPUMEHEHHS O0OBbEKTa HJIH HAHJTY4-
IIMX XapaKTEPUCTHK CBOMCTB O00BEKTa;

— CpaBHEHHS MHOXECTBa BaDHAHTOB peajin3allHH 00beKTa NPH MpoeK-
TAPOBAHHH,;

— or60opa CymeCTBEHHHX (pakTOpPOB, BIHSIONMX HA ITOKA3aTE/IH Kade-
cTBa PYHKIIHOHHPOBAHHA OOBEKTA;

— BHOOpa BHA MaTeMaTH4eCKON MoAe/ M (DYHKIHOHHDOBaHHS OObEKTa.

Konmpoavhble ucnbimanus NpoBOASTCS AJIS YCTAHOBJICHHS COOTBET-
CTBHS XapaKTEPHUCTHK 00beKTa 3aJaHHLM TPeOOBaHHEM.

CpasnumenvHble ucnblmaHiul NpoOBOASTCH }J9 CPABHEHHMS CBOWCTB
AHAJIOTHYHHX N0 XapAaKTEPUCTHKAM HJIH OJHHAKOBHX 00BEKTOB B HACHTHY-
HHX YCJIOBHSIX.

OnpedenumenvHblie ucnsimaius NPoBOAATCS AJS onpeAec/ieHHS 3Ha-
JEHHHA XapaKTEPHCTHK C 3a/laHHHMH 3HAYEHHUSIMH NMOKa3are/jed TOYHOCTH H
(M) ZOCTOBEPHOCTH.

2. YpoBeHb 00beKkTa HCNuTaHAN. Ilo 3TOMy NMpH3HAKy HCHHTAHHS fe-
NATCH Ha CJAeAYIOmHE BHALI: HCIILTAHAS MAaTE€PHAJIOB H 3JIEMEHTOB, HCIK-
TaHUS Yy3J10B, IpUOOPOB, arperaToB, YCTPOUCTB, HCIIHTAHUS MIOJCUCTEM —
KOMIIOHEHTOB, COCTABJISIOM[HX CJIOXHYI TEXHHYECKYI0 CHCTEMY, MCIIHTA-
HHS. GJIOKOB CHCTEMH, HCNTLITAHHS CJIOXHOM CHCTeMH (MOJIHOrO COCTaBa).
Knaccudpukanus HCIHTAHHK 0 3TOMY NPH3HAKY OTHOCHTCH K JKCIEpH-
MEHTAaJIbHONH OTPa0OTKE CJOXHON TEXHHYECKOM CHCTEMH, H MOITOMY OH
orcyrcrByer B TOCT 16504-81.

3. OnpepesiseMue XapakTepMCTHKH o0bekTa. 1o 3TOMy NpU3HAaKy MCIHTa-
HHUS JeJITCS Ha CJleAyue BUAH: PYHKIIHOHAIILHHE UCIIHTAHNS, HCIKTAHUS
Ha MPOYHOCTH, HAa YCTOWYMBOCTD, HCIIWTAHUS HA HAIEXXHOCTb, 6€301aCHOCTD, Ha
TpaHCnopTa6eJIbHOCTh, 'PAHHYHLIE HCIILITAHUS, TEXHOJOTHYECKHE HCITHTAHHS.

4. Jranu pa3paboTky npoAYKuHHM. I1lo 3TOMy NpH3HaKy HCIHTAHUS AEST-
Cs Ha cjiefylolHe BHAH: JOBOJOYHHE, IPEABADUTE/IbLHLEE, TPUEMOYHHE.

Jlosodounble ucnvimanuf — HCCJE0BATEIbCKHE MCNHTAHHUS, TPOBO-
JHMHE NMPH pa3paboTKe MPOAYKIHH C LIEJIbIO OLICHKH BJIMSIHUS M3MEHEHHUM, BHO-
CHUMHX B Hee JJIS AOCTHXEHHS 3aJJaHHHX 3Ha9EeHHH IoKa3are/ied ee KavyecTna.




[image: image24.png]IIpedeapumebHble UCNbIMAHUR — KOHTPOJIbHHE HCNHTAHHS ONHT-
yeX 06pa3loB M (MJIM) ONHTHHX MAapTHA MPOAYKUMH C LEJbI0 ONpeaese-
uus BOBMOXHOCTH MX NPEABABACHHUS HA DHEMOYHHE UCNHTAHHS.

ITpuemourbvle uCnbIMarHus — KOHTPOJIbHHE HCIHTAHHS OMHTHHX 006-
pa3i0B, OMHTHHX NapTHH, NpOBOAMMHE C LIEJbI0O PEIIEHHS BOMpoOca O lie-
n1ecoo0pa3HOCTH MOCTAHOBKH 3TOH NMPOAYKIHH Ha MPOU3BOACTBO H (HJIH)
MCIOJIb30BAaHHUS €€ 110 Ha3HAYEHHIO.

5. Bug Bo3geicreus. 1o 3ToMy NpU3HaKy UCMHTAHUS AEJSTCH HA CJle-
AyOIHe BHAB: MEXaHWYECKHE, KINMATHYECKHE, TEDMHUECKHE, pafHalA-
OHHHE, 3JIEKTPOMArHUTHHE, 3JIEKTPHUYECKHE, MarHUTHHE, XUMHYECKHKE, OH-
onorndyeckne. I[Ipu 3ToM ciaegyer uMeTh B BHAY, YTO KpoMe oaHodaKkTop-
HHX BO3J€HCTBHiIf BO3MOXHH H MHOrogakTopHhe, T.e., KOMOHMHALUS ITHX
BO3/A€HUCTBUH.

[NepeuncjieHHHE MCIOHTAHUS NMPOBOASAT AJiS NMPOBEPKH pabGorocnocol-
HOCTH M (MJIM) COXPAHEHHS BHENIHEro BHJa M3 EJHH B NIpe/ieiax, yCTaHOB-
JIEHHHX HOPMATHBHO-TexHHYeckoi aokyMeHrauuen (HTII) B yciaoBHsx
BO3JIEMCTBUS M(HMJIM) MOCJE BO3/1eHCTBHS YKa3aHHHX (paKTOpOB.

6. IIpoo/LXMTENBHOCTh MCIHTAHUH. [10 3TOMY NMPH3HAKY MCNHTAHUS JE-
JIATCS Ha CJeAyomMe BUAH: HOPMa/bHHE, YCKOPEHHHE H COKPAaIlEHHHE.

HopmanbHble ucnbimaHuf — UCHHTAHHS, METOAH M YCJOBHS NpOBeE-
AEHHS KOTOPHX 00eCneYuBaKT NoJIydeHne Heo6xoaumMoro o6’semMa HHgop-
MallMd O XapaKTEPHCTHKAX CBOMCTB 00bEKTa B TaKOM Xe WHTEPBaJ BpeMe-
HH, KaK M MPEAYCMOTPEHHHH B YCJIOBHSX IKCILTyaTalHu.

Yckopenuble ucnoimaruf — UCNLHTaHUS, METOAH H YCJIOBHS NPOBeje-
HUS KOTOPHX 00ecneyuBalT MoJyYyeHHe HeoOX0AuMoin HH(OpMaLlM4 O Xa-
pPakTEPUCTHKAX CBOMCTB 00beKTa B 60Jiee KODOTKMH CDOK, YEM IPH HOP-
MaJIbHHX HCMHETAHHIX.

CokpawenHnbie ucnbimaiuf! — HUCNHTAaHHUA, NPOBOAMMEHE MO COKpa-
IlEHHOHK MporpamMme.

CiaeayeT OTMETHTb, UTO YCKODEHHHE MJIM COKPANICHHHE HCIHTAaHHS B
OCHOBHOM NPHMEHSIOTCS AJS 00BEKTOB HU3MIHUX YPOBHEH, HAIIDUMED y3Jia,
OTAEJBbHOr0 MpUOOpa, a TAKXKE B CHydasiX OAHO(AKTOPHHX BHEIIHHX BO3-
AehncTBuil. {151 06BbEKTOB HCNHTAHHN BHCIIMX YPOBHEH HJIH IMPH MHOrO-
(bakTOpHHX BO3AEHCTBUHLX AJIS MPHUMEHEHHS 3THX BH/ 0B HCITHITAHHA He0Ol-
XOAMMH CreliHajJbHuHe HCC/ie0BaHUS NMOXOOHS COCTOSHHS HCIHTYEMOTO
o6beKTa.

7. Pesynbrar Bo3aeicTsus. [1o 3TOMy NpU3HaKy UCIIHTAHUS [AEJIATCSH Ha
ABa BUJA: Hepa3pyllawiy¥e U pa3pyliaioniue.

Hepa3pywarowue ucnoimaHuf — UCNHTAHUS C MIPUMEHEHHEM Hepa3l-
Pywamomnux BO3AEHCTBHIA U METOA0B KOHTPOJIA.

Pa3pywarowue ucneimanuss — UCIHTAHUSI C IPUMEHEHHEM pa3pylua-
OIHX BO31eHCTBUHA U METOJA0B KOHTPOJA.

8. YpoBeHb Bo3zieiicTBuHi. [0 3TOMYy NpU3HAKy HCNIHTaHUS [JEJSATCH Ha
CileAYIOU[He BHAH: UCMHTAHUS CO LUTATHHIMH BO3JACHCTBUSIMH, MCIHTAHUS




[image: image25.png]C BEPOSTHHMH HEIITATHHMH BO3JECHUCTBUSIMH, HCIIHTAHUSA C YCHJICHHHMH
BO3/€HCTBHUSIMH.

Knaccuduxkauusg no 3toMy NpU3HaKy 0CoOG€HHO XapaKTepHa AJIsS HCMH-
TaHUM CJIOXKHOM TeXHHUYECKOIl cHcTeMH. HelmlraTHHE yCHIEHHHE Harpyxe-
HHUS MOTYT BO3HHMKATb BBH/lY BO3MOXHEIX CJTyYaWHHX He0JIarompuaTHHX coue-
TAHUH B3aUMOJAENCTBUM MOJACHCTEM, COCTAB/ISIOLIMX CJAOXHYIO CHCTEMY.

9. YcnoBus u MecTo npoBeieHUss UcribiTaiui. [Io 3TOMy NpU3HaKy Mc-
NLT3HAS JEJSTCH Ha CHAEeAYIOUIMEe BUAN: 1a60paTOpHEE, CTEH0BHE, 0K~
roHHHE, HaTypHHE, C UCNMOJb30BAHHEM MOJEJIeH, IKCIJIyaTalMOHHLE.

Ja6opamopHble ucnbimarHus — UCNHTaHUI 00bEKTA, NMPOBOJHMMHE B
na6opaTOpHHX ycaoBUsSX. O4YeBHAHO, YTO NPUMEHUTEJIBHO K CJI0XHON TEX-
HHUYECKOH CHCTEME 3THM UCMHITAHUIAM MOXHO MOJBEPraTh TOJbKO OOBEKTH
HU3IMHX YPOBHEH, TaKkue, KaK MaTepHaJ/ibl, 3JIeMEHTH, Y3JH, NPUOOPH.

Cmendoable ucnbimarHus — UCNHTaHUS 00beKTa, MPOBOAUMHE Ha MC-
nurareJbHOM o6opyaoBanuu. MUcnuTaTebHOE 060pyiOoBaHHE — CPEACTBA
HCNLTAHHH, [peJcTaBasiouiue co60i TEXHHYECKOEe YCTPOHUCTBO AJisl BOCII-
POHM3BeCHHUS YCJOBHH MCIIHNTAHUH.

ITonuzoHHble ucnbimarus — WUCILITAaHUS 00bEKTa, NPOBOAMMEE HA UC-
MEHTATEJbHOM IOJIUTOHE.

Hamypubie ucnoimanus — uncnurtannsg o6bekTa B YCJAOBHUSIX, COOTBET-
CTBYIOII{MX YCJIOBHSIM €ro MCIOJIb30BaHusi [0 NPSMOMY Ha3HA4YEHHUIO, C He-
NMOCpPeACTBEHHHM OIl€HHBAHHMEM MJIK KOHTDPOJIEM ONpEfie/iseMHX XapakTe-
PHCTHK CBOMCTB 006beKTaA.

Hcnoimanusa ¢ ucnoab3zogéanuem modeneld BKJIKIOYAWT NPOBEJECHHUE
pacueToB Ha MAaTEMAaTHUYECKHX HJIM (PH3UKO-MATEMATHYECKUX MOJesuX
00bexTa MCHHTAHUN U (MJIM) BO3JIeHCTBUI HA HEro B COMETAHUU C HATYDP-
HHIMH MCNHTAHUAMHKH 00bEKTA U ero COCTAaBHHX yacTel. JlaHHHeEe HATYPHHX
HCNHTAHHA HEOOXOAMMH B KaY€CTBE MCXOJHHX AAHHHX AJIS MOAEJMpOBa-
HUST, OHM TAKXE HCHOJIb3YIOTCS AJIS NPOBEPKH NpPaBHJILHOCTH (PYHKLHO-
HUDOBHHMS 00bEKTA UCNHTAHUN (MIPABMJIBHOCTH CTHKOBKM COCTABHHIX 4Yac-
Tei 06bexTa, CNIOCOOHOCTH 00bEKTa BRMOJHATDL 3aja4uM, AJS PEIICHUS KO-
TOPHX OH INpeJHA3HA4YEH, U T.A.).

IxcnayamauuoHnHble ucnblmarus — HUCNLHTaHUS 00bEKTa, NPOBOAM-
MHIE MPHU 3KCILJIyaTal1H.

10. Kareropuss ucnuraiui. [1o 3TOMy IIpU3HAKY HUCIKITAHUS AEJATCH Ha
cJAeAyoliHe BHAK: I'OCYAapCTBEHHHE, MEXBEJOMCTBEHHHE U BEJOMCTBEH-
HHe. B TOCT 16504-81 3ToT npu3HaK Ha3BaH «YPOBHEM [IPOBEACHHUS UCILITA-
Huii». OHaKOo, Ha HAIll B3rasj, TCPMHH «yPOBeHb» (0Jiee YMECTHO OTHECTH K
00BbEKTY UCITHTAHHA KaK 3/IEMEHTY CJ0XHOW TEXHHUYECKOM cucTeMH. IMeHHo
taKk OH ¥ ucroab3dyercs B TOCT 16504-81 npu o6o3naueHuu npusHaka 2.

I'ocydapcmaeerhble ucnbimaius — HUCIHTAHHA YCTAHOBJIEHHHX BaX-
HEeHIIWX BHAOB NPOAYKIMM, NPOBOAMMEHE TOJIOBHOW OpraHusauuen Mo ro-
CYA3PCTBEHHHM WCMHTAHHUSM, WJIN NMPUEMOYHHE UCIBTAaHHUS, NPOBOJUMHE
roCyiapCTBEHHON KOMHCCHEMN.




[image: image26.png]MexaedomMcmeeHrHble ucnblmaHus — WUCINKTAHUS NPOAYKIMH, POBO-
(AMHE KOMHUCCHEY H3 NPEJCTABUTEIEH HECKOJbKHX 3aHHTEPECOBAHHHX Be-
0MCTB, WJIA NDUEMOYHHE MCIMHTAHWS YCTaHOBJIEHHHX BH/O0B MPOAYKIIHHA
11 TPHEMKH COCTaBHHX yacrteid o06bekTa, pa3pabaTHBaEMOro COBMECTHO
HeCKOJbKHMH BEOMCTBaMH.

BedomcmaeernHble ucnblmaHus — UCIHTAHUs, IPOBOAMMHE KOMHCCHEMN
¥3 NpeJcCTaBUTEJIed 3aUHTEPECOBAHHOIO BEXOMCTBA.

MUcnEHTaHUg TOTOBOMW NPOAYKIHH JENITCHd HA
cleAylolMe BHAH: KBaJu(HKAUHOHHHE, NPEABIBUTE/ILCKHE, TPHEMOCA-
TOYHHE, MEPUOAUUYECKHE, HHCNEKIIHOHHKE, THIIOBHE, aTTECTAllHOHHHE,
cepTHHKALHOHHEE. DTO Pa3/IMYHHE KOHTPOJbHHE MCNHTAHHSA, KOTODHE
onpeAeasOTCS HOPDMATHBAMH, YYHTHBAIOMNIUMH XapakTep NMPOAYKIUH
(FTOCT 16504-81).

Jaga cn10XHOTro o65beKTaNPOBOAITCS CleAylOn{He BHAH
MCNHTAHHUA: aBTOHOMHHE, KOMIMJJIEKCHHE, UCIHTAHHUSI C MMHTAalLlHEed He-
o6paTHMHX ollepalMi, HCMHTAHUY B MITATHHX YCJOBHIX U B HELITAaTHHX
yC/J0BHSIX, B TOM YHCJI€ B YCJOBHSIX aBaDMHHHX CHTyallHH, OTKa30B OT-
feJbHHX pe3epBUPYEMHX CHCTEM H KaHaJIOB.

OTH BUK HUCIMHTAHUH XapaKTEPHH TOJIbKO AJI CJOXHOro 00'beKTa, NMo-
3TOMY OHM He Onijiu BKJIOueHH B TOCT 16504-81.

ABMOHOMHBIM UCNBIMAHUSAM TIOABEPraioTCs OT/e/IbHHE KOMIIOHEHTH
(NOACUCTEMH ), COCTABJAIONIHE CJIOXKHYIO CHCTEMY. ABTOHOMHHE HCILITA-
HHUS MOJACHUCTEM MPOBOAATCH KaK A0 MX MOHTaxXxa (COOpPKM) B €JUHYIO CHC-
TE€MY, TaK H IOCJIE MOHTAXa H MPOBEPKH BCEX COCAMHEHHH B COCTaBeE
CJIOXHOM CHCTEMH.

KoannaexcHble ucnoimanusi MOTYT NMPOBOAUTbLCH KaK AJIS TPYNNH He-
NOCPEACTBEHHO CBS3aHHHX MOJACHUCTEM, TaK M JJi1 BCeX MOACHCTEM B CO-
ctaBe 00beKTa McnuTaHui. Iles1b 3THX HCMHTAHUK — NMPOBEPKA HOPMAaJb-
HOro QYHKIIMOHUPOBAHHUS BCEX CHCTEM IOCJIE MPOBEAECHHS MOHTAXHO-C60-
POYHHX pabor.

Henoimanusa ¢ umumayueii Heobpamumblx onepayuii MMeET Leablo
NPOBEPKY HOPMAJbHOr0 (PYHKIIMOHMPOBAHHS BCEX YNPABJISIOLIMX KOMaHIHO-
MCNOJIHUTEIBHHX OpPraHoBs, o0ecredYuBaloOmuX JaHHHe onepauuun. Ilpu 3ToM
HE NPOBOAATCH MOJIHOCThIO CaMH OIlEepaliMM, a Mojydaercd WHPoOpMaUHS O
NMpaBUIbHOCTH PYHKIIMOHMPOBAHUS TOJBKO KOMaHIHO-MCIIOJHHUTENbHREX Op-
FAHOB, YTO MO3BOJISIET NMPUHATbH PEIICHHE O I'OTOBHOCTH MOJACHCTEMH M BO3-
MOXHOCTH NepexoJa K HaTYPDHHM HeoGpaTHMHM OIlepal[UsIM ITPH MPOBEJECHHRH
mycka JIA. IIpuMepom TakuX MpOBEPOK MOTYT CJOYXHMTb ONEpalHH 3alpPaBKH
M npeacrapToBOro HagAyBa 6akoOB C XUAKUMH KOMIIOHEHTAMH TOIJIMBA, oMe-
PallHy OTKPHITHS KJIAMAHOB HAa MOAAYy TOIMJIMBA, KOMaHAH Ha 3aXHraHUE H
yCK aBHrareJ/isi, KOMaHAHW Ha pa3jiesjieHue 6JIOKOB # T.II.

Hcnbimanusa 6 ycnoausax HewumamHblx aéapulinblx cumyayuii nonx-
HH NPOBOJMUTHCH HAPSAY C UCNHTAHUSIMH B IUTATHHX YCJOBUSX IKCIIyaTa-
UMK nas npoBepkH 3PP EXKTHBHOCTH NPHUHIATHX Mep 1o obGecreyeHnio Ge-
30nacHOCTH Bcex palorT.




[image: image27.png]Hcnboimahus pe3epsupyemblx cucmem (NMOACUCTEM) H KaHAJIOB HeoO-
XOAHMMO MPOBOJHTH [0 CIELHAJIbHHM MPOrpaMMaM, TaK Kak NpPH MpoBepKe
B MITATHHX YCJOBHUSX BCE 3TH PE3€PBHHE CHCTEMH He MPOBEPSIOTCS, a NMPo-
BepsSeTcd TOJIbKO OCHOBHas CXeMa.

1.5.
Yciaosusa
¢dyHkiiMoHupoBanug KJIA

PakeTHO-KOCMHYEcKas TexHHKA PYHKIHOHUDPYET B YCJIO-
BHSIX, KODEHHHM 00pa30M OT/IMYAIOMIUXCH OT YCJOBHIA (PYHKIHOHHPOBAHHS
APYTHX BUAOB TEXHUKH. DTO BHCOKHE CKODOCTH MOJIETa (;110 20 — 25 M), BHi-
COKasl CTEIIEHb pa3peXeHusl okpyxawoniei cpean (10 107! 10714 I1a), He-
BECOMOCTb JIM00 OYEHb MajiHe Nneperpys3Ku, pajHallMOHHas 4 MeTeopHas
OIIaCHOCTb.

AHanus ycnosu#i pa6orn, HanpuMep takoro KJIA, kak «Cneiic
IIlarTn», noKa3WBaeT, YTO ofmiee KOJIHYECTBO BHEIIHUX PaKTOPOB, AeHCT-
BYIOI[MX HAa Pa3/IMYHHX JTanax 3KCIJyaTrainiy, odeHb Bejuko (talj. 1.1).

BHemHUMH BO3geHCTBYIOIMMH (PAKTOpPAMHU HA3HWBAIOTCH SBJICHHS HJIH
POLECCH, BHEIMHUE M0 OTHOMEHHIO K OGBEKTY MJIH COCTAaBHHM 4YacTaM
JaHHOro o0beKTa.

DaxkTopH OXKpyXawmied cpegu MOryT GHTb NOApPa3Ae/ICHH Ha €ECTECT-
BEHHHE M HCKYCCTBEHHHE.

K ecrecTBeHHHM (pakTOpaM MOXHO OTHECTH KJIMMATHUYECKHE YCJIOBHS,
BO3AcHCTBUS OHOJIorHYeCcKHX (PaKkTOpOB, a TakxXe crnenuduyeckne ycio-
B KOCMHYECKOI0 NPOCTPAHCTBA.

HUckyccrBeHHHE PaKTOPH BO3HHKAIOT KaK pe3yabTaT (PYHKIMOHHUPOBa-
Hus JIA u ero cucreM. K nckyccrBeHHHM ¢akTopaMm, BO3AEHCTBYIONIUM Ha
pabory KJIA, MOXXHO OTHECTH ero BHICOKYIO TEMIIEPATypy, BH3BaHHYIO pa-
6oToli ABHraresied H a3pOAMHAMHMYECKHM HArpeBOM, MEXaHHYECKHE Ha-
rpy3KH, MHEBMAaTHYECKHE M 3JIEKTPHUYECKHE HArpy3KH, a TaKXe XHMHYe-
CKHE BO3J€eHCTBHUS, HAPUMED, TOIJIMBA, MaceJl, THAPOCMECEH U T.A.

Armocdepa 3eman npeacrasiaser co6oi razoo6pa3Hyio 060JI04Ky, CO-
CTaB KOTOPO# 3aBHCHT OT paccrosiHus o 3emuu. B Ta6a. 1.2 npeacrapieHo
H3MEHEHHE OCHOBHHX MapamMeTpoB atMocdepn 3eM/Id B 3aBUCHMOCTH OT BHI-
cothl. ATMOC(EpHOE JaBjieHHe BOIM3M 3eMJIM MOXET KoJiefaTbCs B mpeje-
nax + 7%, a npu Tponundeckux Oypsix — B npeaenax + 109%.

Cyxas BoszgymHas atMocdepa cogepxut (o o6beMy) 78% Ni, 21% O,
0,9% Ar, a Takxe apyrux raszos B cymme 0,1%. Bo BiaxHoM Bo3gyxe co-
AepXaHue BOASHOrO Mapa MOXET JOXOAHUThL A0 49%,.




