1 INTRODUCTION

The Government of Israel has decided to equip civil transport category aeroplanes in
Israeli airline service with systems to protect them from potential threats posed by Man
Portable Air Defence missiles (MANPADs), The decision was made in response to the
growing proliferation of these weapons and their known dispersal into the hands of non-
state entities, some of which are engaged in attacks against civil aircraft such as the
attack upon the Boeing 757 aircraft operated by Israeli air operator Arkia as the
aeroplane took off from Moi International Airport, Mombasa, Kenya (HKMO) on
November 28, 2002.

2 SELECTION OF THE DEFENSIVE SYSTEM

The Government of Israel reviewed the systems, both available and under development,
capable of protecting large commercial aircraft from the MANPAD threats. Active and
passive missile detection systems were considered, as were countermeasure systems
using dispensable stores (flares) and those using electro optical countermeasures. It
was eventually decided that the system that would provide the earliest availability, most
efficient defensive shield, and would be most acceptable operationally within the
commercial air traffic environment would be a system combining passive, optical missile-
detectors and directed, infrared laser countermeasures.

3 AWARD OF THE PROGRAM CONTRACT

In June 2009. Israel's Ministry of Transportation awarded Elbit Systems a contract for the
supply of the DIRCM systems. The systems will be installed on a variety of commercial
passenger aeroplanes operated by Israeli air operators EI-Al, Arkia and Israir, as part of
the comprehensive 'Sky Shield' air transport defence plan.

The system selected for the program is the C-MUSIC {Commercial MUIti-Spectral
Infrared Countermeasure) system, one of a growing family of similar MUSIC systems,
each adapted for use on a particular type of aeroplane or helicopter platform. All are
based on fiber-laser, directional infra-red countermeasure technology. The laser beam
generated by the system disrupts missiles fired at aircraft and causes them to veer off
course.

4 THE C-MUSIC SYSTEM

The main components comprising the C-MUSIC system are the passive, electro-optical
Missile Warning System, the Jamming Turret/Laser Generator, and the system main
Electronics Unit. All the main system units are housed in a conformal, externally
mounted structure (the C-MUSIC Pod) fixed to the lower, aft fuselage of the platform



aircraft. The C-MUSIC Pod is identical for all models of aeroplane to be equipped under
the current program.

The system is designed to minimize its interface with aircraft systems and to operate
automatically without inducing additional flight crew workload. Pods can be removed for
servicing or repair and a replacement reinstalled in less than one hour. Aeroplanes may
be dispatched with the Pod removed using a simply installed fairing.

5. THE C-MUSIC SYSTEM CERTIFICATION
PROGRAM

Elbit Systems Electro-optics (Elop) applied for several STCs for models of transport
aeroplanes on the Israeli register in July 2009. To date there are eight (8) STC
applications, one for each of the following model aeroplanes; Boeing 737-800. 737-
900ER, 757-300, 767-300, 747700 and 777-200; AirBus A320-200; Embraer ERJ190-
200ER (EMB 195). Each STC is a separate project within the CAAI Airworthiness
Engineering Branch. The B737-800 model aeroplane is the first to undergo the
certification process through award of the STC. The project is at an advanced stage of
certification, with the first flight test with the C-MUSIC Pod installed having successfully
taken place in June 2013.

5.1 Certification Program Concept

The C-MUSIC system is treated for certification as a "not required system" and is being
certified on a "non-interference” basis. This means that the certification process will
ensure that the installation and operation of the system comply with the applicable
airworthiness regulations, but will not evaluate the issues of system performance and
effectiveness. These issues are the responsibility of the Israeli Ministry of Defence. It will
be substantiated during the certification process that installation and operation of the C-
MUSIC System do not adversely affect aircraft safety including potential effects on
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aircraft systems, structures, and performance or handling qualities. Furthermore, safety
assessments, including the C-MUSIC Functional Hazard Assessment and System Safety
Assessment include potential effects of the system on "persons outside the aircraft”,
as well as materials in the aircraft's environment.

52 Certification Basis

The state of Israel has adopted the US 14 CFR Part 25 as the Airworthiness Standard for
Transport Category Airplane certification. The applicable amendment status for parts
significantly changed is determined by date of the STC application, with the initial group
of models governed by Amdt. 25-128 and those most recently applied for by Arndt 25-
134. Separate Certification Plan and Compliance Checklist documents are submitted for
each model.

In addition to the general airworthiness standards, the CAAI has published several Issue
Papers regarding the C-MUSIC certification project, covering such issues as structures,
(aerodynamic) vibrations and buffeting, flight crew workload, external noise, and
Guidance for Assurance of Programmed Electronic Hardware Devices (DO-254).

53 Laser Safety as Part of the Certification Process

In the earliest stage of the certification project the CAAI determined that the issue of laser
safety is central to the success of the certification process and the subsequent
acceptability of the operation of the modified aeroplanes in international operation. Since
the C-MUSIC system is intended to project laser energy into the navigable airspace and,
potentially, into the immediate environment of civil aerodromes, the CAAI placed special
emphasis on the issue of laser safety. The CAAI determined that the correct manner in
which to bring this issue into focus was to direct the applicant, by means of an Issue
Paper, to consider the potential effects of the laser on persons outside the aircraft, in
addition to the passengers and crew normally considered in certification safety
assessments. In response to the Issue Paper the applicant performed a thorough
analysis of the C-MUSIC laser and its potential effects on persons and materials. The
results of this report formed the basis of the categorization of the potential laser hazards
within the Functional Hazard Assessment (FHA) that was approved by the CAAI, The
FHA guided the design of the C-MUSIC system safety mitigations that prevent projection
of laser energy while on ground. While airborne, the flight crew and passengers remain
unaffected by the C-MUSIC laser because of the location of the system installation on
the aircraft. Since the C-MUSIC laser operates in IR wavelengths that are not visible to
the human eye, there are no issues of dazzling or blinding flight crew or other persons,
both on ground and in the event of airborne operation.

In parallel to the safety analyses performed as part of the CAAI certification process, the
C-MUSIC system was presented for evaluation by the Standards Institution of Israel (SlI).
After a thorough evaluation of the C-MUSIC system, including its safety mitigations, the
Sl issued a certificate declaring the C-MUSIC system to be a Class 1 Laser Product
(safe under all conditions of normal use) in accordance with internationally recognized
standards. (See Attachment B).



Attachment A: Laser Safety Appendix

The C-MUSIC two laser wavelengths’ interactions with biological tissue and with
materials were assessed.

1. Interactions with Biological Tissue

The C-MUSIC System is classified, by the Standards Institution of Israel as a
Class 1 Laser Product (See Attachment 2) in that design mitigations reliably
prevent any lasing on ground or in flight below a minimum safety height.

The combined lasers hazard distance for the SMPE criterion (according
to ARP 5674 [5]) is 321 m.

The damage mechanism of laser tissue interaction for both C-MUSIC lasers is
thermal. Different damage types are identified and probabilities for sustaining
such damage in the event of laser illumination on the particular organ (skin or
cornea) as a function of the range are calculated.

The damage types and 1:1,000,000 probability distances are summarized in
the following table for 100% duty cycle exposures:

Table 1: Summary table of damage type distance

Damage type Distance [m]
Corneal MVL 253
Corneal stroma lesion 20.4
Skin MVL 10
Skin erythema 32

For ranges below these distances, the damage type probability increases
according to the statistical characteristics of its definition (the Probit curve).

The 1:1,000,000 probability distance of corneal MVL Is 25.3 m.



2. Material Interaction

Material interaction with the lasers was also analyzed. The analysis included
ignition potential for various materials and materials combination. The
analysis included the following materials: Jet A and Jet A-1 fuels, concrete,
asphalt, brick, nylon, rubber, aluminum, cotton, polyester, tires, dry grass and
wood.

Temperature variations analysis as well as volatility analysis (for fuels and fuel
vapor) was conducted to conclude that the C-MUSIC lasers do not pose any
hazards for violent interaction with materials in its environment.

2.1. Mode of operation 1
Table 2 summarizes the final temperatures calculated for each material after
30sec exposure to the C-MUSIC lasers at Om range. The laser output was
taken to be CW for the Band | laser and 1MHz pulses without modulation for
the Band IV laser.
Table 2: Final temperature of materials after laser exposure mode 1
Material Final temp, at 55'C  Allowed temp. Hazard
[ C] with heat 1'C]
conduction

Jet fuel 67.8 210 No

Concrete/asphalt/brick 67.4 - No

Rubber 88.9 107 No

Nylon 73.4 190 No

Cotton 75.3 210 No

Polyester 75.4 260 No

Aluminum 56.2 660 No

Dry grass 110.8 230 No
To summarize, the interaction of the C-MUSIC lasers with various
materials does not pose anv HsyarH.

2.2. Mode of operation 2

The laser operation options have different temporal distributions:
i. Duty cycle - Max. available: 100% for Band | and 30% for Band IV.
ii. Lasing condition: Periodic Max. available for 3 hours; 60sec out of

135sec periods for 3 hours.



The analysis follows (including all equations, parameters and assumptions)
the analysis in NSLS-PF?0-0043 for the heat conduction case. It should be
noted that the 3 hour period in question yields the heat equation to reach its
steady state where the heat dissipation through conduction and convection
equals the input heat flow from the laser radiation. Furthermore, while
considering the periodical temporal distribution, the time interval between two
adjacent exposures is long enough to enable proper heat dissipation and no
thermal confinement occurs. Therefore, in this case the total heat buildup is
diminished compared to the continuous option.

For this long exposure duration convection becomes a considerable effect. It
is described by Newton'’s law of cooling, given by:

S—(T-T )
dt c, mo

Where h is the air heat convection coefficient (L00W/Km2), A is the surface of
the heated object, Cv is the specific heat and Tamb is the ambient
temperature.

Table 3 shows that material maximum temperature during the exposure
duration, neglecting threshold effects, the red background indicates temp-
above the allowed ones:

Table 3: Final temperature of materials after laser exposure mode 2 for 3hr

Max. temp. [°C] at 55'C ambient Allowed

Material with heat conduction and temp. Hazard
convection rci

Band 1 Band IV

100%DC 30% DC
Jet fuel 853 95.8 210 No
. No

Concrete/asphalt/brick 57.6 58.5 -

Rubber 8Ll %01 107 No
Nylon 95.4 1095 190 No
Cotton 100 1156 210 No
Polyester 65.7 69.5 260 No
Aluminum 55 55 660 No



Max. temp. [°C] at 55'C ambient
Material with heat conduction and
convection

Band 1 Band IV
10Q%DC 30% DC
Dry grass 825 92

Allowed
temp. Hazard
rci
230 No

As can be seen, in these extreme lasing conditions, the interaction of
the C-MUSIC lasers with various materials does not pnsp siny Hsa7arH.

Prevention of Lasing ON GROUND and IN FLIGHT Below Minimum

Safety Height

There are several hardware mechanisms, both in the laser as well as in the

system level, to prevent lasing in an unsafe manner;

» Discrete signals are derived from two independent Weight-on-Wheels
systems, both of which must show IN FLIGHT condition to enable lasing.

* Lasing is prevented below a minimum safety height above ground level in
accordance with readings from two, independent aircraft Radio Altimeters.

« In addition, electro-mechanical fail safe mechanisms prevent any escape

of laser energy on ground.



HeodmumanbHblil nepesog

Tema: YcTaHOBKa CUCTEM 3aLLNTbLI Ha I/I3paVU'IbCKVIi7I KOMMepHeCKI/II7I dnot

MpaBuTeNbCTBO V3panns NpUHANO pelleHWe 060pyAoBaTb M3PauIbCKUA TpaxaHCKuiA
napK BO3AYLUHbIX CYy[0OB CMCTEMaMW HanpaBfeHHOro MH(PaKpacHOro NPOTMBOAENCTBMUSA
(cuctemamn DIRCM) B Lensx 3almTbl BO3AYLIHbIX CYA0B OT NOTEHLMaNbHbIX Yrpo3 ot
NepPeHOCHbIX 3eHUTHO-PaKeTHbIX Komnekcos (M3PK).

Cuctema DIRCM B HacTosillee Bpems MNPOXOAUT Mpoueaypy  KOMMIEKCHOM
[ononHutensHoit CepTtudmkaumm Twuna (ACT) noa pyKoBOACTBOM AAMUHUCTpaUUu
rpaxaaHcKol asmauum M3panns B UeNAX LEeMOHCTpaLuu ee COOTBETCTBMSA CTaHAapTam
MKAO »n HopMaTUBHOMY perynnpoBaHuio Mspamns.

HacToswwmin 4OKYMEHT KacaeTcsi NMosy4yeHHOro B nocnegHee speMsa AaMuHucTpaumnein A
M3pannsa onbitTa no npoueaype ACT ans ofo6peHns yCTaHOBKM M 3KCMyaTayum CUCTEM
DIRCM Ha ocHOBe na3epa Ha KOMMEPYECKMX W TPAHCMOPTHbLIX BO3JYLUHbLIX Cyjax,
3KCMNyaTUpPyeMbIX N3PanIbCKUMMN aBuanepeBo3vmnKamu.

Bonpockl, npefcTaBneHHble B MpuiaraeMoM f[OKYMeHTe, BKIOYaloT obliee onucaHue
CUCTEMBI, OMpejAeneHne CcepTU(HUKALMOHHOW OCHOBbI (6asuca) M MOAX0H K aHanusy
cucTeMbl 6e30nacHOCTM MO/MeToB, C 0CO6GbIM aKLUEeHTOM Ha BOMpOChl 6Ge3onacHoi
3KCn/yaTtauMn yCTaHOBNEHHbLIX Ha BO3AYLUHbIX Cyjax fnasepax Mpu npoeuuposaHun B
noj/siexxatlee HaBUralMoOHHOMY yrpas/iieHUto BO3AYLLUHOE NPOCTPaHCTBO.

Ona  Bawein wuHdopmayuu, HaumHaa c 3-ro kBapTana 2014 roga um3pauibCcKue
KOMMepyeckue asBmakomnaHum (3nb Anb, Apkua, u M3paiip), Kak 0XWAAETCH, HauHyT
MosieTbl M0 MEXAYHapOoAHbIM W BHYTPEHHUM MapLipyTaMm C TakuM YCTaHOBJIEHHbIM W
paboTaroLm 060pyL0BaHNEM.

Byay npusHaTeneH, €cAM  Bbl  PacrpoCTpaHWTe  AaHHYl  MHGOpMaLMio  cpeau
COOTBETCTBYIOLLMX IKCMyaTaLMOHHbIX NPeanpusaTuiA B npegenax CBOEro rocyaapcTsa,
KOTOpble 06bIYHO B3aUMO/EHCTBYIOT C M3PaUIbCKUMM aBUAKOMMNaHUAMN,



Mpy BO3HWKHOBEHMW BOMPOCOB, MPOLLY 06paLlaTbCst KO MHe 3a pasbACHEHUSMU.

C yBaxKeHuvem,

/nognuce/

[".Pomm

eHepanbHbIil AupekTop, AAMUHUCTPALMA rpaXaaHCKOW aBrauun Mspanns



1. BsegeHwue

MpasuTensctBo  W3pauna npuHANO  pelleHne  obopyfoBaTb  rpaxiaHckue
BO34YLUHble CyAa TPaHCMOPTHOW KaTeropuu, HaxogAwmecs B 3KCnayaTauuu y
M3panbCKUX aBMaKOMMaHWi, CUCTEMaMM 3aluTbl OT MOTEHUWaNbHbIX Yrpos,
BO3HMKAKOLWMX OT MepeHOCHbIX 3eHUTHO-pakeTHbIX komnekcoB (M3PK). PeweHune
6blN10 NPUHATO B KayecTBe OTBETa Ha pacTyliee pacnpocTpaHeHWe Takoro Buga
BOOPYXXEHMSA M WX W3BECTHOE COCPEAOTOYEHWEe B pyKax HerocyAapCTBEHHbIX
06befUHEHNIA, psAf KOTOPbIX BOBMEYEH B aTaku NPOTUB TPaXKAaHCKWX CaMO/eTOB,
Kak, Hampumep, aTaka Ha BoOuWHr-757 wu3pannbCKON aBMakomMnaHum Apkua
28.11.2002 npwu B3neTe 13 MeXayHapogHoro asponopta Mowu, KeHus.

2. Bblbop 3aMTHBIX CUCTEM

MpaBuTenbCTBO  M3pannsa  umsyyano CUCTEMbl, KaK YXe UMelolmecs, Tak W
HaxogAwwmecs B pa3paboTke, CMOCOOHble 3aWMTUTL 6ONbLINE KOMMEPYeCKue
camoneTbl OT yrpo3 M3PK. PaccmaTpmBanucb CUCTEMbl aKTWBHOW M MacCUMBHOM
3alMTbl  OT 3TOr0 BMAA BOOPY>KEHWA, B KOTOPbIX MPUMEHEHbl KaK Mepbl
MPOTMBOAEACTBUA C WCMOMIb30BAHWEM PacXOAyeMblX MarasvHoB (CUFHaMbHbIX
pakeT), TaKk W 3/7eKTPO-ONTUYECKMe Mepbl MpOTWUBOAeACTBUA. B wutore 6bino
MPVHATO peLleHne 0 TOM, YTO CUCTeMOM, KoTopas 6bl o6ecneyvBana LOCTYNHOCTb B
caMble KpaTKue CpOKM, Haubonee 3(h(EKTUBHbLIA OOOPOHHbLIA WWT, U 6bina 6Gbl
Hanbonee 3KcnayaTauMOHHO-MPMEMIEMO B OKpY>KaloLWein cpege KOMMepPUECKUX
MOTOKOB BO3AYLUHOr0 TPAaHCMOPTa, SBASETCA CUCTEMa, KOMOWMHUpYlowWwas B cebe
MaccuBHble, OMTUYECKNe [EeTEeKTOPbl OOHAPYXXeHWs pakeTbl, W Hanpas/eHHble,
NH(pakKpacHble Mepbl MPOTMBOAENCTBUS.

3. TpucyxgeHve NporpaMmMbl KOHTpaKTa

B wnoHe 2009 roga MuHUCTepcTBO TpaHcrnopTa W3pauns onpegenuno «3n6ut
CuctemMe» B KayecTBe UCMOSIHUTENS MO KOHTPaKTy Ha nocTtaBky cuctem DIRCM.
Cucrtema 6blna yCTaHOBflEHA HA MHOXECTBE KOMMEPYECKMX MacCaxupcKux
BO3AYLUHBIX CYflOB, IKCMIyaTUPYEMbIX U3PaUNbCKUMK aBrakoMnaHuamu 3nb Afb,
Apkua n V3p3ilp, B KayecTBe 4aCTW KOMMJEKCHOrO M/jaHa aBMaTpaHCMOPTHOW
3aLWUThl «HeBeCHbIN LWnT».

Cuctemoii, BblGpaHHOI [Ans  nporpammbl, fBnsetca cuctema C-MY3bIKA
(ab6peBnatypa C-MUSIC pacuimgpoBbiBaeTCa Kak KOMMepYeckas cuctema
MYNbTUCNEKTPaNbHOr0 WMHGPaKpPacHOro MPOTWBOAEACTBMA), OfLHA W3 pacTyLiero
cemeiictBa cxoxumx cuctem MUSIC («MY3bIKA»), Kaxpas W©3 KOTOpbIX
aflanTMpoBaHa Mof WMcnosb3oBaHne naaThopMbl Ha KOHKPETHOM Turne CaMOeToB
NN BepToNieToB. Bce OHWM OCHOBaHbI Ha OMTOBO/IOKOHHOM fnasepe W TEXHOMOrUU
HanpaBNeHHbIX  WH(pPaKpacHbIX Mep  NpOTWBOLeACTBUA.  JlasepHblli  nyy,
reHepupyemblii CUCTEMOI, CpbiBaeT aTaky PakeTbl, BbIMYLLEHHOW MO CamoneTy, M
BbIHY>KJAeT ee OTK/IOHUTLCA OT Kypca.

4, Cuctema C-MY3bIKA
OCHOBHbIMW KOMMOHEHTaMK, KOTOpble BK/IOYaeT B cebs cuctema C-MY3bIKA,
ABNAOTCA naccuBHble CUCTEMbI: 3N1eKTPO-0MTOBOJIOKOHHAA cucrtema
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npeaynpexmaeHns o pakeTHOW Yrpose, CUCTEMAa 3aKIUMHUBAHWUS Typenu/nasepHblii
reHepatop, W cucTemMa OCHOBHOIO 3MIEKTPOHHOIO y3fa. Bce OCHOBHbIE 3N1EMEHTHI
CMCTEMbI pa3MeLLalnTcs B COOTBETCTBYHOLLEM, MOHTUPYEMOM CHapyXu 6/0Ke-
Karicyne, 3ahMKCMpOBaHHOM B HVDKHE KOpPMOBOI 4acTu (rosensxa . Kancyna C-
MY 3bIKA ngeHTUYHa 411 BCeX MOAefeli CaMmoeToB, NOANEXaL X 060pyA0BaHNIO
B pamMKax TeKyLLlell Nporpammbl.

CuncTema paspaboTaHa Takum 06pa3om, 4TO6bl MUHNMW3MPOBATL CBOM MHTepdeiic ¢
60pTOBbLIMM CMCTEMAMK 1 paboTaTb aBTOMATUYecKu 6e3 [OMOMHUTENLHON pabouyeit
Harpysky Ha 3kunax. Kamcynbl MOryT [LEeMOHTMPOBATbCA A8 TEXHUYECKOro
06CNY)KMBaHWA WAN PEMOHTa, MepeycTaHOBKa 3aHUMMaeT MeHee uaca. Camornet
MOXET KOHTPONMPOBATbCA CO CHATOW Kamncynoi mnyTeM WCMONMb30BaHWUS N1Erko
yCcTaHaB/MBaeMoro obrekarens.

Mporpamma cepTudunkauymm cuctemol C-MY3blKA

ONeKTPo-0MTOBOMOKOHHAs cucTemMa «316UT CucTeMe» NPUMeHEeHa 418 HECKOTbKUX
JononHutensbHbix CepTudmkauuini  Tuna (OACT) s TUNOB  TPaHCMOPTHLIX
camoneToB B peecTpe W3pauns B none 2009 roga. K atoin gate umenocs 8 3asBoK
Ha ACT, no ofHOM Ha KaXAbliA W3 CreaytoLiMx TUNOB camoneTos: bouHr 737-800,
737-900 ER, 757-300, 767-300, 747-400, 777-200, 9pbac A320-200, Smbpaep
ERJ190-200ER (EMB 195). Kaxgbii n3 [ACT dABnsetcd CamOCTOSATE/bHbIM
NPOeKTOM B pamMkax VIHXeHepHOro odmca No NOAAepXKaHWI NETHON rofHOCTU
AAMUHMCTPALMMN TPaXAaHCKOW asuaumm W3pauns. TepBbiM A8 NPOXOXKAEHMS
cepTMMKaLMOHHOTO npouecca no npucyxgeHuto ACT onpegeneH tun BC BouHr
737-800. TMpOeKT HaXOAWUTCS Ha MPOABMHYTON CTaguu cepTUuUKaLumn, ¢ NepbiM
YCMEWHO BbIMO/IHEHHbIM B MoHe 2013 roga TeCTOBbIM MOMIETOM C YCTaHOBEHHO
kancynoit C-MY3bIKA.

KoHuenuus cepTUMKaLMoHHol nporpaMmbl

Cuctema C-MY3bIKA npegnonaraetcs npu cepTuMKaLum Kak «cuctema He no
06s3aTenbHOMY Tpe6oBaHNIO» n cepTuduumnpyetcs Ha ocHoBe



«HeBMellaTenbCTBa». ITO  0O3HA4YaeT, uTO  CepTUHUKALMOHHBIA  npoLecc
rapaHTMpyeT, 4TO yCTaHOBKa W 3KCnjyaTauus I3TOM CUCTEMbl COOTBETCTBYET
NPYMEHSEMOMY PErynnpoBaHWIO MO NETHOW rOAHOCTU, HO He OLEHMBAEeT acneKTbl
NPOW3BOAUTENBHOCTU U 9PHEKTUBHOCTU CUCTEMbI. OTWU ACMEKTbl OTHECEHbI K
cthepe OTBETCTBEHHOCTM MMuWHOGOPOHLI M3pamnsa. B npouecce cepTudgmkauum
6yneT 060CHOBaHO, UTO YCTaHOBKa W npumeHeHue cuctembl C-MY3bIKA He
HeceT OTPULATENbHOMO BAMAHMA Ha 6e30MacHOCTb MOJIETOB BO3AYLUHOIO Cy[Ha,
BK/OYas NOTeHUManbHOe BAWSHWME HA CUCTeMbl CcamosfieTa, CTPYKTYpbl W
NPOM3BOAMTENLHOCTL KaYeCTBEHHbLIX XapaKTepucTWK ynpasneHus. bonee Toro,
OLeHKa 6e30macHOCTM MoneToB, BKAOYas OUeHKY (YHKLMOHaNbHOW OMacHOCTM
cuctembl  C-MY3bIKA 1 OueHky 6e3onacHOCTM  CUCTEM,  BK/KOYaeT
NOTeHLMaNbHOE BIMSHNE CUCTEMbI Ha «/IUL, BHE BO3AYLUHOrO CyfHa», a TaKXe Ha
mMaTepuasibl B OKpYXaloLLein cpefe camoneTa.

5.2. CepTuMKaLMOHHbIM 6a3nc
locypapcteo M3paunb npuHano US 14 CFR Part 25 B kauvectse CraHfapTta
NEeTHOW rogHOCTM ANs  cepTUdMKauUM  BO3AYLIHbIX CY[OB TPaHCMOPTHOM
Kateropuu. MpUMeHSeMbIA CTATyC [OMNOMHEHUS ANS CYLLECTBEHHO W3MEHSEMbIX
yacTeli onpefensetca ¢ gatbl NnpumeHeHua OCT, 4na NepBUYHONA rpynnbl TUNOB,
perynupyembix JononHeHvem 25-128, n nocnegywowmx - JononHeHvem 25-134.
[na Kaxgoro Tvna npefcTaBieHbl OTAe/bHbIE CEPTUDMKALMOHHBIE MNaHbl U YeK-
NINCTbI COOTBETCTBUS.
JononHuTensHO K 06WWMM CcTaHAapTam f1eTHOW rofgHocTu, ALMUHUCTpaLus
rpaxgaHckoi  aBuauum  Wspauna  ony6nuKoBana  HECKONbKO — BbiMYCKOB
[OKYMEHTOB KacaTe/lbHO MpoekTa cepTudukaumm cuctembl C-MY3bIKA,
OXBaTbIBAKOLLMX TakKve BOMPOCHI, Kak CTPYKTYpPbl, (a3poguHamMmmnyeckme) smbpaumm
1 6adTuHr, paboyas Harpy3ka Ha Y/€HOB 3KWMMaXa, HapY>XHbI (BHELUHWIA) LwyM,
PYyKOBOACTBO MO rapaHTWM MPOrpaMMMUPYeMbIX  31EKTPOHHbIX — YCTPOWCTB
annapartHbIx cpeacTts (40-254).

5.3.  JlazepHas 6e30nacHOCTb Kak 4acTb CepTUPUKaLNOHHOIO npoLecca
Ha paHHel cTagnn cepTU(MKaLMOHHOIO NpoekTa ALMUHUCTPaLUA rpaXLaHCKOoW
aBvMauuu Vspamns onpefenuna, 4YTo BOMPOC Na3epHOi 6Ge3omacHOCTM sBAsieTCA
LeHTpanbHbIM ANS YCMELWHOro cepTUMUKaLMOHHOIO npouecca U nocnegytoLei
NpUeMneMoCcT! 3KCnyatauum MoAUPULMPOBAHHBLIX BO3LYLIHbIX CY[OB ANA
MeXAyHapoAHbIX nosietoB. Mockonbky B cucteme C-MY3bIKA nnaHupyetca
NPOeLMPoBaTh Na3epHYI0 IHEPTUIO B MOJ/eXallee HaBUraLMoOHHOMY YNpaB/eHUIO
BO3JYLUHOE MPOCTPAHCTBO W, MNOTEeHUWaNbHO, B HEMOCPEACTBEHHYIO 30HY
rpagaHCKMX aspofpoMOB, aBKaLMOHHOe BeAOMCTBO M3pawns ypgenset ocoboe
BHMUMaHWe BOMpocy nasepHoii 6esonacHocT. OHO OMpegennno, 4To NpPasuU/bHbIM
cnocobom Ans (hOKyCUpOBaHMA Ha 3TOM BOMpoce, 6bI10 u3faHue [OKYMEHTa,
[OUPEKTUBHO MNPEANUCHIBAIOLLEr0 3KCMyaTaHTy pacCMOTPeTb MOTEHUMANbHOe
BO3f4eicTBME fasepa Ha /0deli BHe camonieTa, B [OMOSIHEHME K Maccaxupam U
3KMNaxy Ha 60OpPTY, KOTOpble O06LIYHO YUUTBLIBAKOTCA MPU CEPTUHUKALUOHHONM
oueHke 6e3omacHOCTW. B cBoeM OTBeTe Ha M3faHHbIA JLOKYMEHT 3KCnayaTaHT
npeAcTaBuA  TulaTenbHbli aHanu3 nasepa cuctembl C-MY3bIKA wu  ero
noTeHLManbHOe BO3AeiCTBME Ha M0Aen U maTepmanbl. PesynbTaTbl 3TOro oTuyerta



Nernn B OCHOBY KaTeropvMpoBaHWs MOTEHLMa/NbHOM Jfla3epHO/ OnacHOCTM B
pamkax OueHKM (YHKLMOHANbHON OMacHOCTW, OA0BPEHHOW AMUHUCTpaLuei
rpaxgaHckoi aewauun Wspamns. STOT AOKYMEHT OMpeAenseT WMHCTPYKUMM K
pa3paboTke cmsryawwmMx  3nemMeHToB  cuctembl  C-MY3bIKA, KoTopble
NPenaTCTBYIOT NPOELMPOBAHNIO Na3epHON 3HEPTUU MPU HAXOXAEHWM Ha 3emie.
Mpy HaxXOXAeHWM B NONETe 3KUMAaX W NaccaXupbl OCTAIOTCA BHE BAMAHWA nasepa
cucrembl C-MY3bIKA B cBA3un ¢ Tem, rfe HaxoAUTCA MeCTO YCTaHOBKW CUCTEMbI.
Mockonbky nasep B cucteme C-MY3bIKA paboTaeT B MH(ppaKpacHO ANNHE BOJH,
HEBUAMMBIX YeNOBEYECKOMY /a3y, TO He CYLLECTBYET acrneKTOB OC/ENNeHNA Unn
YXYALWEHNS 3pPEHNUSA YNEHOB aKMNaXa v APYTruX NnL, KakK HaXOA4AWMXCA Ha 3emMie,
TakK 1 B 30He paboTaloLlero 060pyA0BaHUS CUCTEMbI.

MapannenbHo ¢ aHanu3oMm  6e30MacHOCTW,  BbIMOMIHEHHBIM B COCTaBe
CepTUUKaLMOHHOro npoLecca AGMUHUCTPaLMM FPaXaHCKOW asuaummn Mspauns,
cuctema C-MY3bIKA 6bina npeactaBneHa Ha OLEHKY B WMIHCTUTYT CTaHAapToB
W3pannd. TMocne TwaTenbHoi oueHkn cuctembl C-MY3bIKA, Bknwouarowwein ee
CcMAr4yeHne no acnektam 6e3onacHOCTW, WMIHCTUTYT cTaHZapToB M3pawns BbigaH
cepTugukat, onpegensoowmii uto cuctema C-MY3bIKA oTHeceHa K knaccy 1
nasepHoi npogykumn (6esonacHa no BCEM YCNOBUAM HOPMasbHOrO NPUMEHEHNs)
B COOTBETCTBUU C MEXAYHapO4HO-MPU3HAHHbIMY CTaHAapTamu.



MpunoxkeHve A: [onosnHeHwWe no nasepHoﬁ 6e3onacHocTH

PaccmatpuBanoch B3aMMOeicTBMe C 6MONOTMYECKUMU TKAHAMWU U MaTepuanamm
[BYX NasepHbIX BOMH cuctembl C-MY3bIKA.

1. Bsaumopgeinctaue ¢ 61MONOrMHECKMMM TKAHAMM

Cuctema C-MY3bIKA knaccupuumpyetcsd NHCTUTYTOM cTaHZapToB W3pawns B
cooTBeTCTBMM C Knaccom 1 nasepHoi MpoAsyKuuuM v B pa3paboTaHHbIX CMArYarLmx
JelicTBMe napameTpax HafeXHO mnpeAoTBpawiaeT nNtob60oe nasepHOe BO3AEACTBME MpU
HaxX0XJeHUW Ha 3eMfie UK B NOJeTe HUXKE MUHMMabHO 6e30NacHOi 419 MCMONb30BaHMUA
CUCTEMbI BbICOTHI.

COBOKyMHan ornacHas AMCTaHLUuA nasepos no kputepuio 5-MPE (B COOTBETCTBUM C
ARP 5674 (5) coctaBnset 32,1 m.

HaHocALMA NOBpeXAeHUss MexaHW3M /1a3epHOro BO3AEACTBMA Ha TKaHU [ns
o6omx nazepoB C-MY3bIKA sBnfeTcd TepManbHbIM. bBbian  naeHTUHMLUPOBaHbI
pasfiMyHble TUMbl MOBPEXAEHUA W paccumTaHbl BEPOATHOCTM MEPeHOCMMOCTM TakmX
MOBpeXeHnid B cnyyae 06/y4eHUS f1a3epoM OMNpefeneHHoro opraHa (KoXu unu
porosuLbl).

B cnegytoweli Tabnvue npuBefeHbl BUAbl MOBPEXAEHUA W PacCcTOAHWUA C
BeposATHOCTbHO 1:1,000,000 ans 100% paboyero umkna 3KCno3nuuii:

Tabnuua 1; CBogHasA Tabnmua paccTosHMA NO TUMam MOBPEXAeHWT

Bug nospexpaeHuns PaccTtosinue [w]
MuHMManbHOe BMaMMoe BO3felicTBre nasepa Ha 253
porosuLy
MopakeHne CTPOMbI POroBMLbI 20.4
MuHMManbHoe BUAMMOE BO34eNCTBUE Nnasepa Ha KoXy 10
SOputema Koxmu 3.2

Ha pacCToAaHNK, MEHbLUEM, YeM BbllleyKa3aHHblE, BEPOATHOCTb MNOpaXKeHuA
yBeNMUYMBaeTCs NPOnopLnoHaNbHO CTaTUCTUYECKUM XapaKTepucTukam (kpueasa Probit)

MuHUManNbLHOE BUAMMOE BO3ENCTBUE Nasepa Ha POroBULLY C BEPOSITHOCTbIO
1:1,000,000 cocTaBnsieT pacctosiHne 253 meTpa.

2. B3anmopgeicTBme ¢ maTepuanamm

BosgelicTBue nasepa Ha mMaTepuanbl Takxke aHann3MpoBanoch. AHanu3 BKIOYan B
cebs BEpPOATHOCTb BO3ropaHus Ans pas/iMyHbIX MaTepuanoB W KOMOGMHaLMKU MaTepuanos.
B aHanu3 6blny BKIOYEHbI Crefytoline mMaTepuanbl: peakTUBHOe Tonameo [keT-A u
Ixet A-1, 6eTOH, actanbT, KUPMWY, HENOH, pe3nHa, antoMUHWUIA, XI0MOK, NOANaCcTep,
MOKPBbILLKK, Cyxas TpaBa W ApeBecuHa. bbin npoBefeH aHanu3 KonebaHwusa Temnepatyp, a
TaKXXe aHanu3 BONATUIbLHOCTW (4N TONAMBa W NapoB TOM/MBA), 3aK/OYEHWEe COCTOUT B
ToM, uTo nasepbl C-MY3bIKW He npefcTaBnslOT HWKakoW  OMacHoCTW  Ans
B3aVIMOAENCTBNSA BCMbILLKM Na3epa ¢ MaTepranaMn B OKpY>KatoLLeii ero cpege.



2.1. Pexxum Bo3sgeiicTBmsA Nel

B Tabnuue 2 B CBOAHOM BWAe TMpPeACTaB/ieHbl KOHEYHble Temnepartypbl,
paccumTaHHble AN Kaxgoro marepuana, nocne 30ceK BbIAEPXKW 1a3epoB B cuctembl C-
MY3bIKA B gnanasoHe OT. BbixogHas MOLWHOCTbL nasepa 6bina npuHsaTa pasHoin CW
ans rpynnel | no nasepy u 1MrL, no mmnynecy 6e3 mogynaumu gna rpynnsl 1V no
nasepy.

Ta6nuua 2 KoHeuHasi TemnepaTypa MaTepuasios roc/e /1asepHoro Bo3aeicTens B

pexxnme Nel
Matepuan N MHanbHasa Temnepartypa [onyctumas OnacHocTb
npu 55'C ('C) ¢ Temnepartypa (C)
npoBeAeHMEM Harpesa

PeaktusHoe TONMBO 67.8 210 HeT
BeToH/acdanbt/kupnuy 67.4 - HeT
Pe3nHa 88.9 107 HeT
HelinoH 734 190 HeT
Xnonok 75.3 210 HeT
Monunactep 75.4 260 HeT
ANOMUHWUIA 56.2 660 HeT
Cyxas Tpasa 110.8 230 HeT

Takum o06pasom, B3aumopgelicTBue nasepos C-MY3bIK ¢ pasfimyHbiMu
maTtepuanamy He HeceT HVMKaKO onacHoCTU.

2.2. Pexum Bo3geincTeus No2

MprMeHeHVe Nasepa UMeeT pa3InyHble BapUaHTbl BPEMEHHbIX pacnpefeneHuii:

i.  Pabounii uukn - Makc. BoamMoXHO: 100% gns rpynnbl | v 30% Ans rpynnbl
V.

ii. Ycnoeme reHepaumm nasepa: MNepuoMYecKN MaKC.BO3MOXHO B TeuyeHue 3
Yacos; no 60 cek. 13 135-CeKyHAHbIX NEpPUOA0B B TeuyeHne 3 4acos.

AHanu3s (BKNOYas BCe ypaBHEHWA, NapameTpbl U JONYLLEHUS) CNefyeT U3 aHanmsa
B NSLS-nPO-0043 gnsa cny4yasd TennonpoBOAHOCTU.

CnefiyeT OTMeTUTb, 4TO MpefjnonaraeMblii 3-4acoBOM Mepuoj onpefensercs
ypaBHEHWEM TEMNJONPOBOAHOCTM A1 AOCTMXKEHWS ero YCTOWYMBOrO COCTOSIHWS, Mpu
KOTOPOM TEennooTBefeHWe MNyTeM MNPOBOAMMOCTU WM KOHBEKUWMW pPaBHSAETCA BXO4HOMY
TErnn0BOMY MOTOKY OT /1a3epHOro u3ny4veHus. bonee TOro, npu pacCMOTPEHUU
MepuoSNYECcKOro BPEMEHHOrO pacrnpefeneHns, WHTepBan BPEMEHW MeXay AByMms
COCEAHUMMN U3NYUYEHUAMU HABNAETCA [AOCTATOYHO ANMHHBIM ANS TOro, 4To6bl AaTb
BO3MOXHbIM  Haj/iexallee paccemBaHue Tenna, 3ddekrta TemnsoBOh Kamepbl He
MPOUCXOANT.

CnepoBaTenbHO, B 3TOM Ccnydvae obulee TennoobpasoBaHWe YMeHbLUaeTcs no
CPaBHEHUIO C HEMPEPbIBHLIM BapyaHTOM.



Mpu 3TOM CyLeCTBEHHbIM Bq](*)EKTOM CTaHOBUTCA annTenbHad no
NPOJO/IXKUTENILHOCTA  BbIAEPXKKN  KOHBeKUMA. [Ee ONucbiBaeT 3aKOH  OXNaXAeHus

f=-£VA)

rae h-koagdumumeHT TennoBoi KoHBeHUuMu Bo3gyxa (100BT/kKM2), A - MOBEPXHOCTb
HarpeBaeMoro o6bekTa, , Cy-TennoeMKocTb, Tavh- TemnepaTypa OKpyXKatoLei cpeabl.

B Tabnuue 3 nokasaHa MakCuMmasbHas TemnepaTypa MaTepuana B TeYeHWe BPEMEHM
U3Ny4YeHus, He yUnTbiBas NOPOroBble aPeKTbI, KpacHbIN OH yKasbiBaeT Ha TemnepaTypy
BbILLE [OMYCTUMbIX 3HAYEHWIA.
Tabnmua 3: KoHeuHas TemnepaTypa MaTeprana nocse n1a3epHOro Bo3aeicTBuUsS B
pexxume Ne2 B TedeHMe 3 YacoB

Makc.Ttemnepatypa [°C] npu

, Aonyctumas
55'C okp.cpefbl C
Matepuan Temneparypa OnacHocCTb
TEenJ0nNpoBOAHOCTLIO H Cl
KOHBeKLunemn [
Fpynna | Mpynna IV
100% DC 30% DC
PeakTviBHOE TONMBO 85.3 95.8 210 HeT
BeTton/acthanst/kupnmy 57.6 58.5 R HeT
PesuHa 81.1 90.1 107 HeT
HeinnoH 95.4 109,5 190 HeT
Xnonok 100 115.6 210 HeT
Monuactep 65.7 69.5 260 HeT
ANOMUHWI 55 55 660 HeT
Cyxan Tpasa 825 92 230 HeT

Kak MOXHO yBWAETb, B 3TUX 3KCTPEMa/bHbIX YCNOBUAX  U3NTyYeHWUd,
B3aumogencTeue nasepos cuctembl C-MY3bIKA ¢ pasnuuHbiMyu MaTepuanamu He HeceT
KaKoi-nmbo onacHocTu.

3. MpefoTBpaLLEHME Na3epPHOro U3yYeHUs NMPU HaXOXKAEHMM Ha 3eMie U B
MosieTe HUXKE MUHUMasIbHOWM 6e30MacHO BbICOTbI



CyulecTByeT HECKONLKO annapaTHbIX MeXaHW3MOB, KakK B CMCTeMe 1a3epos, Tak u
Ha CUCTEMHOM YPOBHe, A4/ NPefoTBpaLleHns He6e30MacHoro N3nyyeHus:
e JIMCKpeTHble CWrHanbl MPOW3BOAATCA [BYMS He3aBUCUMbIMW CcUCTEMamMK «Bec-Ha-
Konéca», 06e M3 KOTOpbIX [LO/HKHbI MOKas3aTb YCn0BMe «B nonéte» Ans BKAKOYEHUS
Na3epHOro n3nyyeHus.
e VI3nyyeHne nNpeKkpawaeTcs HWKe MWUHUMabHOM BbICOTbI HAaf YPOBHEM 3emMan B
COOTBETCTBUW C MOKasaHUAMW OT [BYX HE3aBUCHMbIX PaAv0OBLICOTOMEPOB BO3AYLLIHOIO
Cy[Ha.
e B [ononHeHWe, 3/MeKTPO-MexaHnyeckne 6e30TKasHble MexaHW3Mbl MpeAoTBpaLialoT
no6oe n3nyyeHne nasepHoOit 3HEPrM NpU HaXOXAEHNN Ha 3eMne.



