AITHIR AT &M RS
(HB#EA - KE)

ABBYAE TR  MEESBRABRA R EMRE T
LA R EMMABM BB EGAE ) RE

TRF M - BEMMARTERRRSY
HEA B M iLfgn

o % i
B R ME AR B
HEHRE C92F 12 1582924128298
AR 93428238



R SWAIR
C09300735

THREAE S MM ERRERE
HERE LM REEE  MEEIHRRFRM AR ET ¥ ER
B & AR R BT 45 38 2 o1F

BAET3 2m4  ME [IF

BT E e ORI B A ER ARG 02-23212200

HBRAR  ES BRI R ERRES N EEgIE

SRS 1 HFRO284 134 F B85 £

S EHM R 92 £ 12 B 15 8~92 £ 12 B 29 B

HERE KB

wEBHRE 93 F 2 A 23 B

S#a%%,/ 8

BI4E3) @ ALK ~ ALE ~ MR~ A - R B - ek - mE

I
AEZoE MK RAALt+ S+ A +ABZ=_A=-+4A
B #3+ER-51E 28 REEH - MEEHHRRBHRMH
MR TENERARSBIMRIFMREELSF  KILABFE G
ELEHMALEH AL E TCLER)BEI AR EREHH
SR EBEM AL LR IEAEA N A ERH  TRAEY
HBAE MBS UHMARSLESAESHE LR ALZE ¢GLE
WBIBEE AR EARSF A Wi a Rl s L BT
LEBFE ALEHNLEREST R RHABIBRUEE - B

PR RCHETE B RS F R ZIE S RARKELENLIES
FIT &6 T 4 0 71 1h Bh

AXEFHO EEE R BRREEFNY (http://report. gsn. gov. tw)



ik B

i 4 B A



P

—‘!":‘.‘
=

~N )%|

—

REAAN+wETR A EERAT T PRETEFHETHRER 0 &
BEHENREARSFRABBMER ZHERBRRTEZATAMERE
W RAESFDHEBMKRRAAT—F+=_A+EZBE=_RA =+
B HIH AR FE EAAMKIE - HH - RAEAE S
AEFE ALATITREGESILEHNAEBELHALZEGCLE
1) B E A7 FHX FOR 8 B SR TR B R AR IR AR T A2 AT A
We A ERYE ATRAZRRAT  AE L HMARESLEY
FEBEHALZE COLER)BEEHAREARES T B § WX
MERBEERHERERDERFE  ALEHNLEHEFKA
B ZHERBIERAH & o AHRRHEESARSERY RIEE

HEAREBLENILTHALTHR AW -



—

~ At

[

Vit %k

B #7 HE T B A A
12/15(—) & db— B A AF
12/16(=) Fe] 4% 47 4% F+— 32 47 #
BHAMEZRH AR
12/17(= BB AR T T EEREN
(=) | #& " B 1 5 K b o (TsAGD)
12/18Cm) Russian Flanker-A Engine vector nozzle | 1t xR T A B H &
)
design, Its advantage and weaknesses | &2 & 75 & P & (TsAGI)
12/19(5) Russian engine design features, engine | & AR 2 A& 8L A
parts manufacture system. e AR T o (TsAGD)
1272005 HEEHEYE
12721(8) HMEEREYE
12/22(—) Engine fan blade optimum design, stall | B3t kL T B SHEFA R
and vibration .0 (TsIAM)
12/23( =) Engine fan blade optimum design, stall | B4 R AL L B SR A X
- and vibration P2 (TsIAM)
12/24( =) Application of composite material in | Ef kiR TR HHRA
7 l|aircraft structures and interiors #E AR o (TsAGD)
Aircraft composite materials
. . EHRMEZRHNER
12/25(e9) | structures manufacturing technique to
. #E h R o (TsAGD)
enhance strength and reduce weight
Application of composite materials in
12/26(5) | T posite ater FEE T EE N
aircraft structures and interiors
12/97( 5 #BEMA(CIORA LB M AR HHTME | SbsrE i xbgifa
T | ArepaRenEzFy WER
12/28(8) I F - -4
12/29(—) x4k




= MEARENS
12A 178

BB ERMEIERRGN

B ESBAE > BURRBEBIAME T (OB E > £ 1918 F
BEMEBRAILE -~ FREROMEAREM PP RERHAREY
AemE e (TsAIG) > AP L X RAKRBAEME TERARERY
RE UME T OEBEENAEUBBA TRE LR T g
16 B 3R S B AR TS 0 Ho L EM R T s BRI T
O FLERTRRARA R T F 0 LR XATEAR B A6 R AR R B
M ETEMY RAREIIAE Rt B AR -

BRGRBBEABRANET RN XHRELERE  AEUBME
TEAAEARS  £XNOEAOFKIMTRAME T EFR
RRBEAE > AP UERE D &N BRFIM - SR - 2R
M~ EEk o AR EARE > R KRECFAHEETBRE » &R
RAENRZEAGMELENSRE  EAOFKREFMPRBMELED
BB ERAFMEFEATEI0OEAZS » TREHA
EIXELEGBERZRE -

Bt 199] MR SR KBMALTEAARLETHRAFEANE

B ML AORBEN DR ENEERNE R B LA



FIERRABEARITEERRENTE » MR R K1@L5ERAM
EIEHETRE  AHHAMT S EMEAR ~ By - R 8400
FARBUACBEHEEM > MAKBMEEMT BTHIFREGEES
BABREFH  ERARKROARERALBKRE En L L LSRR -

WBIE 192 B AaeRaEMEAES  2E2FER - RA
ZAEE O BEREBEHORBELBRAMEABRY CE w5 0HE
HEAXEL  XEFERGIFREOFEMRE  FHRENHESLR
HREBEPBRMZATREBRBHR RS B
127 B Akt 3T B Z P R ERA L M EBR R wosbehE|BAAE -
11993 FRGBBIELREMRT F— B LA E R HE = FRM—
R BOAENH LR LR BT OMERN 0 FFREG
SR E  RAEHAMERSEERMIT LRI RMER - RAM

EREATRBEALAES po» BRART SRABRSFse -

® RBNAZIE R L GREN G
L ¥ RIUR A S S (TSAGD)

TsAGI > Z#r#t > AL 1918 F 12 > T BERENTAH
NFRREAZHAR  ZEMRABARBIHMELERAR

2 bR B S SR &R E AR > TSAGI



BAHRAMEMRGZEREEMEAL  ABMAS K
RENEWARE S BMAMELRE - SR RMELERT]
ERPTEREBEZHEFRAS  RE ML I
saBABR AT AL YRTE > dNRBB AT EMETER
HMEASHERIE AL E AR A ER E LB D
g\— o

TSAG] B ATAF K EMEMEIH B A R RS I /M 2 88 5
wA S RAEEBMRR G N RLPENG  TRADNENE
MAZORHRARAAR - RITHZHEHBREAE ~ BIRR
BREBEHR EAM - ARG E L TsACI B4 &k ~ 1Rk
BRI ~ BB R R - B R R - B
A GHT R - RATH S B2k - AR F BB R R
B AR &7 TR R PR S BN AT B R -

TSAGT % et R AAT AR T AL REEL T o ARt
ZRATE AT RME —RAM > FhZ B4R D R BAME
BMELMZ I EHRE > REELLERTHALT B RRZK
HHAZAE > H TSACl 2 H4E R R BAE R ERBERFZT
(1

L EAEZ BIRAAE 7 & 0 TsAGI #2 % Bl NASA ~ 7% B ONERA -



S B RAE - B CAE % %4 % @445 s & AR MO IE 6183t &

FlafA R RAERERARERMEABZARILE -

L BRERAEHFGRA R T (TsAIM)
EREXMEEHHBARL T SR 1932 F X RZRFNME
BHROAR > ZEMAGTREZRARBHAEZARLT S
(TSAGD) Z AL Z 4 Sy A R PI R M3 W 3T R B &
a3 o TsAIM G AR R S A Ep M A £ 34 > 1 1045 &
BB E S I A %0 B 1955 FRSLATE B E
KA BARGEAITHEEEBR T CAMMEDHREE
HtFges -

BRATZ P SEEMRABA ARG A oM ~ BIE o ~ EHK
BB B RREILERTHRURE GBI FIE SRS
WEERE - A RERRAE A SREGHR R LR - FHRE
WM B B T EARE R - BB S
MR BT B R R -
EEBATRZT CHAR - HE KR ZEATHEA
MEZREEFR ARG ER TR S TR R LEEE

BRI > KRB P B S Ao (TR A B  HAEF



BT ©

. AHRBNALEM R R P (VIAND

AR BEAL T IR P SN E LR RN 1932 F 0 £ &
HENEAMHGARAER S FobETd P REAAARY
5125 5% 5 (TsAGD) 2 At B AR B3R P - AR S48 SL &9 77 R
P g BB LA MR S M R - A RE RS
MR BEMABRBABES M A EHFG A RN LS VI
EHTENERAARTEOMRRG FFLT 8 ZREN A M
Fer 6 MM AE B B A B IR 5 B R A AL E MR E
EMBEN 8 THE ey MMM ¥ 3 909648 & b VIAM AR et 4 i
Rty o VIAM & B AT 2R BT AL E AT 5 B mwh B4 0 R B
Ab B A VIAM 23— R 2 e R AT -

VIMM BHGAMEHNEBGEBAMMERGELTAR - M
e &L FRBE AT M AHRE RS wE AR A B
PR DT A R Ao TR A R RE LA MM B T R E R R P
s B OATRR R AR IRSb 2 N P o L A AR A~ BRI R

AU ZE AR R ATAR R S A MR R E A KRR AL

<

X

SHMME TR AT CREBEMTE Mo TERANREL -

q,



4. %16 ] I A7 22 7 7 o (SIBNIA)

B EMEAE P AL 194 FEANEBBEABEB 2%
B TSAGL £ #7 %+ 5 TR 69 A B 38 B £ 500 AL F46 4] 25 5, 3 4% BB
B ERRAEAELAN £ 1946 B X 24 B TG F) 25 4 7 5H
¥ o SIBNIA 4£ 1950~1970 #A Rl 6 € 52 %, & 3% 500 #4 R
RBFNBRETRENEE T RREHEA E%H > 1970
FHRMEEGREIMEZTE T CARTRRA AR HBE
FRENMESEBITFTRES - mOA SMEAE T b TR B
BMEAERAIHME BV A S EE TRk - etk 17
BEMRE E ) FRARMAGTAE L 5 —F @maip syl
STAUVE T RIS o SARGEAMEREIRR E M X 0 B
SIBNIA # 4 th Jr #) 300~500 6y A BIAL ZABIBM A K3 X 0 A
A SIBNIA i BATSME T EHR EH ER LT ae -

SIBNIA X AT @ RBBEHBEREBABLL4ESIER
FSER I R A A8 /) £ 4% SIBNIA #F 2 8 £ 84 > 5 4
SR RAFTEBR ARG T FE 4o BURAE BRI LM Ao [ H
RY B ERG DR AIB ARG AT AR ATARERY

CETRE EBIFEZTRLBE N BT A8 A S

FEWMOTRE -



12 A 18 B

TR AMAZRG N RABEAHE T < (TsAGD

Russian Flanker-A Engine vector nozzle design, Its advantage and

weaknesses

% % % & Power unit department & Dr. Ivan v. Voronich

Wt fz AR HHPIRA TRAREEARAMBEHRER

$ 1 MR E) A RS A Z BE B AT 4 1980 ST B AT H AR

Bl AR R EATOE R o A R Bk B IR L R AT — R R R

PEREREENE  ARSBHRETHEZEFGES  Dr. Ivan & @

EEEEHRBEAR -

(—) Bk BHhAEE: FReocEREE —RAKRRE 2 H#
Bl EAk 2 Bl B d) o878 0 RIE A M2 AT KRR B
TAREE RERAANCERGA G R ABENE L
Fpisr - B BB T RE R A A R A AR R @ R RRMAK
% o

(=) BAsEBAFYNME QB EEEREELLGGRED - 4
B e etk e 50 T K A M8 S0 8 A JE B

(Z) MARIA A3 & AT B 0 — 4k 888 T RARdE ) RofAm 2

T PR > BRI MM BT £ A F L > wo b7 BK



AT 1871 ) BF 4R I+ AT By A Bk

(W) RERKEENL  QEREEAEEESEEREOT QA
T K G BRSO R ER T - B SR BIRE K 5]
BARHEE

() #HBh 5 RMIRIE AL & Bl RMERTRAITERE T

B SLEF ) E R B T SRR B 4B 0 A B LA 8 M F e K

BB EREMEEAE>BMK -

#1 Dr. Ivan &%

TS EEE R EA SEEL bt 5 EAERRASMEE

BHRAFEGEA > Dr. Ivan &R R B AT @ B H B A %R T 475

FOAWOER > ARARBRRADEOBE LR AL ENTH > Lo

R >~ @ o

11



RTUAAREERY — B EABLHE T N BITHEBRTR B
TRKBEARFE R A R m E5 A R R — P Bl AMbasst o

K

P
G

K b F TR AL % 91 B M A8 B AT R AR ey BT AR AT SR
EABAHAIBARCF > FFLREANEZLERERFGE
RAEATHH 4 RER B RETFTERRAMAREMRES
MEAHHEBBREEL  ARSAKR S TETRMBE > BEHKT

i#h Bh B AL AR BT B AR SR R i — S ey & o

12819 8
BFARIEERE N1 BRABE AR F o (TsAGD)

Russian engine design features, engine parts manufacture
system.

HMEBHMERHRGITRTIETat Bt 424 %G Dr. Sen. Sci.
Grevtsov Nikolay M. & — "8 #2453+ > Dr. Sen. Sci. Grevtsov
Nikolay M. &~ B# EMm T H e eyt L > RE & Turbojet
Turbofan ~ Turboprop ¥ ¥ A F | & B A X M BT EEELE ¢

I BOHMATARFETREMRLERS » BEFRIK -



2. B R EHHURE -
. BHHMETE  RIOBRERANT -
4. BEHBBHEARAERKR > P RBZEHFIEKRKK ARG wiE
N BERITRE
5. WA gD 0 Wi RATAURE
THABRARBM AT RSB ER LEARGFE > Rk

BEHBAELITALR S ARRBLASKBR - BBEER 2 %%H

>\c

BRI T A3 ~ BB AKE - BB At B EAREL

Wit AR HIBF AR CEBKERCAHE -BKE CBKRF

BAER - ERAEZ YR EUEI SR AAAEHB T AR E
ANBYGEE > BN R ARG RIEE 0 FEARENER
EEFE AR - BRMERBAER K 0 ATERT LES
Bb—B & WRVBEAHWELE » H—F BERERR
RERBRBZNIHBAK > AR HIREEREE &G
HRAE -

R ER R - A X BGEE R R R RHFALEETFA
P2 ERIIE > RRSWERERAMGEEL B
Brtb ~ BAWE » BERE - BE - BAxMeEE

PMA FR@sER AL RRMARSFMNE > TR

13



PR B R AR AR -
MR T A IR — R T AT R e R R E RUR At B R R

Turbine S/ HEH M E - £RFFFELEFR !

1 MR E A MRBES S BRELHERSHNE
Ko ZMEABERFHAEIERRBEE S

2. BRI EPTA A G BGEL TR E RISORIEEE
Turbine °

3. M e Qe RALREEEE  AKREBAHT -

4. WIEELBER K RBE TR LAY BB R

L

5. AREBMBRENARR TR ARANBE TR
LU D REEARAS -

6. MR F PR A 0 A AR R B o FA BB
7 £%& Turbine 2 4& % Turbine

7. RO EAR o IR F A AR RIE RAFIABEMEAE

8. ZFEMATHEREHEILAMB TR AR EGLS

REFHEZRN > BB T EERLET R -

il

HoE ARG BB E BT RN B EF E AR ORI RR

*
é’]ﬂnuif“ﬁi“ﬁ"gfhmﬁ Ué’]@ﬂ%‘t ?“‘é‘[‘é’]é?& ’ %



— T ESERELRRSREMEAEEERF 2444

#% - Dr. Sen.Sci. Grevtsov Nikolay M. % 7= " *% A2 & i /A &4
EAERERRCheck REXTE LR L0 > Ao EEE
H 748 693X R SLE B R G ¢ BATECS > FREA K

R RGBS BEBF -

#2 Dr. Sen.Sci. Grevtsov Nikolay M. 4%

12 R20B8~12R 21 8
HERAMEE



HEEREIREILRITFEARFETEAR ¢
. ARAFERNER LA E -
2. oM BERAFMERANERAFRAANEMAZEESH -
3. mMAREERBaAEENEIL -
4. P EREBRGEAL -
5. ¥ R MM ey IS 5 # -
6. ¥REBRBUER EFRENH -
RERSBAAERRTNER  ZNEEEXEFERARRERR

By B > DroMichael N 454t H 2B HIE XA @A -

B ERA1E2 ] Mrs. Natalia A. Babikova & Dr.Michael N. 4%

24|
N

B



ERGRITE RO REL MR SEHRAE - ARBHH
OB EMRASTEHR T RRAER M A AR

PlRAM — BN R > Dr. Michael N. &~ ¥ B sairrisam
AR EARRRFNER BE T FEHETRRIFERL
EARRE RFRMNBR FRADBAGBR - 2k
FTo# 3R B A £ B IR AGHER AR 304 F 8OF B ik RHIn
FRhMBE AP ERBIRAL  REFHMLE > BREK

7 B ATV BATFR R 69 £ AR -

19



12A 24 8
BHRMEERE N ARBEH AP R+ o (TsAGD)
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I'TABA 11

CXEMbI COIIEJI
N NX OIIPEJEIAIONINE
FEOMETPNYECKHE ITAPAMETPBI

Pa3BuTHe OTeUeCTBEHHON U 3apyGexHO peakTHBHOM TeXHWKH, MOBbILLEHUE
TpebOBaHMit K co3naBaeMblM JeTaTe/bHbIM annapaTaM MNpUBEaK K Mepexony oT
CaMbIX MPOCTENLINX HEPETYJUPYEMbIX CXEM COIMENl K CXEMaM CJIOXHBIX conej ¢
GOJbLWNM YUCAOM peryiMpyeMblx 3ieMeHToB. CaellyeT OTMETUTb, YTO MHOI000-
pasue co3laHHbIX U pa3pabaTblBaeMbIX JIETATEIbHbIX aNnapaToB, UX PEaKTHUBHBIX
aBuratesieil NpUBeaU K MOSABAEHUIO BeCbMa GOMBIIOro KONMWYecTBa TUIIOB U CXEM
peakTUBHBIX COMNeJ, BKJIOYas pasfuuHble MOAMGUKAUMUM PETYNUPYEMBIX comes
st MHOTOpeXXMMHBIX JIA. B cBsI3u ¢ 3TUM He MpeACTaBAseTCS BO3MOXHBIM pac-
CMOTpeTb BCce MHOrooOpasue YCTAHOBJIEHHBIX Ha pas3juyHbIX JIA peakTUBHbBIX
corejl, pe3yabTaThl UCCAENOBaHMIt KOTOPLIX U3JI0XKEHbB! B MHOTOUUCJIEHHbIX OTe-
YeCTBEHHLIX M 3apyGexHblx nyonukauusax. Huxe JaHbl cXeMbl M TUMB! coref,
KaK XOpOUIO M3BECTHBIX, TAK U Majso MCCAeLOBaHHbIX B guTepatype. s yaos-
JIETBOPEHUS MPEALSIBISIEMbIX K pEaKTHBHbLIM CcOIJIaM TpeOGOBaHU I, O KOTOPbBIX yNo-
MI{HAJ0Ch BO BBEAEHWH, B MNPAKTHKE aBUAABUTaTENIECTPOCHUS peainu30oBaHbl WIH
paccMaTpUBalOTCsl B KA4eCTBE BO3MOXHbBIX K peaju3alMuyu CXeMbl COMEN TPeX TH-
MOB: KpyTrible (UM OCECUMMMETPUUHBIE), TUIOCKME U TMPOCTPAaHCTBEHHbIE (Tpex-
MEpHbIe) comna.

2.1. CxeMbl peaKTHBHBIX COMeJ

HaunGonee xapaktepHble CXeMbl 3THX TUTMOB COMeJ NpelcTaBjleHbl Ha prc. 2.1-2.4.
B cnyuae cxem perynupyembix COMesl Ha 3THX PUCYHKax AaHbl [Ba MOJOXEHUS
peryiHpyeMblX 371eMEHTOB (CTBOPOK corMes), COOTBETCTBYIOLIME MaKCHMalbHOMY
PACKPBLITHIO U MUHIMAJILHOMY MPUKPLITUIO NIPOXOAHBIX CEYEHUH, UTO MIPEXIe BCe-
'O COOTBETCTBYET Pa3HbIM peXKMaMm paboThl peaKTHBHOTO ABUraTess: (GopcaxHo-
MY PEXIHMY — MPU MaKCUMaIbLHBIX, U 6echopcax HOMY — NpU MUHUMAaJILHBIX pa3-
Mepax NPOXOAHBIX CeUeHUHt comel.

Bonee kpynHbIMH cTpeskamMu Ha puc. 2.1-2.4 moka3aHo HanpaBlieHWe IBHXe-
HUSl OCHOBHOTO TOTOKA ra3a B conuax, 6oxe MeJKMMU — Hamnpas/ieHWe ABUXEHUS
BCMTOMOraTeALHOro MM oxJjaXaalwero BO3ayXxa.

Cpean HeperynMpyeMblX COMesl MOXHO BbLIACANTL HECKOIBKO Hanbosice pacrpo-
CTPAHCHHLIX CXCM, KOTOpbLIC MOTYT ObITL Kak KPYIAbIMHK, TaK M [MJIOCKUMH.
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3ByxoBoe (MaH cyxaiomeecs) comno. Cyxawowasaca 4acTh Cofia MOXeT ObITh
KOHHMuecKo (puc. 2.1a), 1160 BBINOJHEHHON B BUle NPODOHIHUPOBAHHOTO KOHTYpa
(puc. 2.16). Ha cpe3se 3T1x coresl CKOPOCTh UCTEYEHHSA ra3a paBHa CKOPOCTH 3BYKa.

2L
—
a 6
—
——
3 2|
— —
QO6euaiixa

HentpansHoe
TEJNOo
a e
QOb6euaiika
Z
——— -
po i) 3
> > Hancraska
— — l
- * crmm—

Puc. 2.1. CxeMbl Heperynupyembix conen:
a4 — 3BYKOBOC KOHHUECKOE COlINg; 6 — 3BYKOBOE l‘lpOd)Hl\KpOBaHHOC COMI0, € — CBEPXIBYKOBOC KOHHUECKOE CONNO;
¢ — CBEPX3BYKOBOEC leOd)HﬂHpOB&\HHOC conno, d — conio ¢ HCHTPaNLHOM Tt?)lOM: e — JIBYXKOHTYPHOC CONMO; X —
IPOCTOE IKCKTOPHOC COMAO; 3 — CAOXKHOE IKEKTOPHOE COMo
CBer3B)’KOBOE COMJio ¢ HenpepbIBHbIM KOHTYPOM, KOTOPOE HOCHUT TakKXe HalBa-
Hue conna JlaBansi. MHoraa 3T comnia HalbiBalOT CYXAIOWHMHMUCS-paCitUupalotlin-
MHUCA, OTpaxasi TeM CaMbiM M3MEHEHHE MONEPEYHOro ceyerHunst NpoToUHOI! 4aCTH
conaa ans yCKOpeHMst cHavyajia J03BYKOBOro, a 3aT€M CBEPX3BYKOBOTO MOTOKa 0
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Puc. 2.2. Cxembt Heperyaupyembix cones:

@ — OBAIbHOE HAH STHIITHYECKOE BbIXOAHOC CEUCHHE!

0 — TPCYIoJILHOC BLIXORHOE CeYUCHMUE, 6 — KBajaparHoe

BLIXOAHOC CCUEHHE, ¢ — TPAMOYIOALHOE BLIXOAHOC Ce-

venue; d — KPYrfioe cotiylo ¢ KOCbIM CPe30M; e — TJI0C-

KOC COII0 € KOCLIM CPC3OM; Ji¢ — OBAILIIOC HIM 3JUTHIT-

THHECKOL COMIIO: 3 — TPCYroaLHOe CONJIO, 4 — KBaapar-
HOC COINO. K — NPAMOYIOALHOC CONNO

—
a |— 1 6 |- |

Puc. 2.3. CxeMbl perynupyeMbix conel:

a — 3BYKOBOC COMNO; § — MPHUCOBOC 3BYKOBOC COILIO;
6 — HPHCOBOC CBEPX3BYKOBOC COILIO, ¢ — KOHHUECKOC
CBEPX3BYKOBOC COMAO; d — COIIO € LEHTPAJIbHLIM TCNOM
H3MEHAEMOI EOMETPUHN, ¢ — COMAO C MepeMelllaeMbiM
UCHTPAIbHBIM TENOM; X — COMAO C LCHTPANLHBIM Te-
NIOM W peryanpyemoit obeyankoit; 3 — 3XKeKTOPHOC €Oo-
N10 C Heperynupyemoit obeyaikoit. u — 3XKeKTOpHOE
COMJIO € PEryAUPYEMbIMU HapYXHBIMU CTBOPKAMM; Kk —
3IXKEKTOPHOE COMJIO C MEXAaHMYECKMM U a3pOoauHaMuuec-
KMM PEryTHpOBaHHEM

liiliils

Bux c6oky Bun c3agu
a
Buz ceepxy BokoBble
IUEKH
: <) X
6 \‘; \
Be3 GokoBbIx wiek C BOKOBBIMH LIIEKaMH

Pue. 2.4. CxeMbl MAOCKUX COMen HETPallUKOH-
Hoit opMbl:
¢ — COMIO C HEPEropoaKaMHi M CKOMICHHBLIM CPC30M;
6 — cONNA «NOTKOBOrO» THMA
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3alaHHO CKOPOCTHU B BBIXOAHOM ceucHMM coria. KOoHTyp corta MOXeT COCTOsITh
13 KOHHMYCCKOro (puc. 2.18) unu npouaAMpoBaHHOTO O103BYKOBOTO U CBEPX3BYKO-
BOTO YYacTKOB coria (pHc. 2.12). Bo3moxHa Takxke KOMOMHAUMWS KOHMUYECKOTO H
npoHINPOBAHHOIO YYaCTKOB: KOHUUECKOT0O A03BYKOBOro U NMpodHAHpPOBAHHOIO
CBEPX3BYKOBOTO M HA0BOPOT. -

Cono ¢ ueHTpanbHbIM Te oM (pHC. 2.10). LleHTpanbHoe Teno MOXeT ObITh YKO-
poueHo ¢ 06pa3oBaHMEM Ha HeM TOPLIEBOIO YCTyNa, TaK Kak IoKa3aio Ha puc. 2.14d,
MOXET UMETh MOMHYIO NTHHY, T. €. 6e3 o6pa3oBaHust 3Toro ycryna. KoHTyp ueHT-

M M cp panbHOTO Tejla MOXeT ObITh MpohUINPO-

! BaHHbIM MJIM ObITb BbITOJHEHHbLIM B BHIle

OCTPOTO MM yceueHHOro KoHyca. Bepx-

Haa obeyvaiika coruia TakXe MOXeT OblThb

npo)UAMpOBaHHOIM, KOHHUECKOH UK UK-
JNVUHAPHUYECKON.

JIByxKoHTYpHOe conio (puc. 2.1¢). Co-
Mo 3Toro TMna obecreylBaeT pasicib-
Hoe KcTeueHue (6e3 npeaBapuTesbHOro
CMellIeHUs) Ta30B M3 Pa3IMUHbIX KOHTY-
poOB ABHTaTENA C DONLLIOIT CTENEHBIO ABYX-
KoHTypHocTH (TPAJ). Mpocdhunuposanne
KOHTYPOB colefl U BbIOOP UX FeoMeTpH-
YeCKHX NapamMeTpoOB OCYLUECTBASETCS C
YyUYETOM pas3iMyMs napaMeTpoB ra3a B nep-
BOM W BTOpoM KoHtypax TPJIIJ.

HPOCTOG 3KEeKTopHoOC conuao
(puc. 2.1xc). [lpcncrasasieT coboit coue-
TaHMe, Kak MpaBUio, 3BYyKOBOIO KOHUYEC-
N < \ Koro coria (puc. 2.1a) 1 Heperyaupyemoii

HapyXHOW KOHWYECKOI HIH NMPOPURHUPO-

BaH1i0Oi obeuaiiku. B 3KeKTOPHbIA KOH-

| TYp COMJla MEX/Y 3BYKOBbIM COTJIOM M

. obeyaitkoit mogaeTcsl HEKOTOpOe KoAHye-

BX Kp ¢ CTBO BTOPUYHOIO (MM OXJaXAAIOLLEero)
BO31YyXa.

Croxuoe 3:KeKTopHoe conJio (puc. 2.13).
[To cBoeMy xapakTepy ¥ Ha3HaA4YCHHUIO 3TO
comnjo BAM3KO K CBEPX3BYKOBOMY KOHHM-
4ecKoOMY Uy NMpohUIMpOBaHHOMY conay
(puc. 2.1 MK 2), HO UMEeT Pa3PblB CBEPX-

Puc. 2.5. OcHoBHble ceueHun conna: 3BYKOBOI'0O KOHTYpa [Uisl MOABO/A& BTOPHY-

a — CBEPX3BYKOBOC 3KEKTOPIOC COMAO; § — COILIO C HOro BO3/lyXa B CBEpPX3BYKOBY!IO YaCThb COll-

HCHTPUIbHLIM TEJIOM; 4 — KOMNOHOBKa ABYX COlici na. BHy’FpeHHCC conno anas OCHOBHOI'O

NOTOKA raza — CBEPX3BYKOBOE KOHMUECKOe COMIo, obeyaitka conJjia Takxe BbIMoJj-

HeHa KoHHYeckol ¢ AMGhdy30pHOCTBIO (YIJIOM PACKPLITHS), COOTBETCTBYIOLLEN HIITH
6113Koi K 1M Y30pHOCTH KOHHUECKOr0 BHYTPEHHEIO coria.

[lpuBeneHnbie Ha puc. 2.1 cxeMbl (MM THIMbI) COOTBCTCTBYIOT KaK KPYMJIbIM,
TaK U TUIOCKHUM PCAKTHBHBLIM COTJTaM.
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HeperynaupyeMble conna ycraHaBAuBaloTcsl MGO Ha camosietax ¢ [03BYKOBOiA,
160 ¢ HEOONBILOHI CBEPX3BYKOBOM CKOPOCTHIO MOJIETA.

B knacce Heperyampyembix CBEpX3BYKOBBIX PEAKTHBHbIX COTIEN MOTYT UCMOJb-
30B4TbCH TaKWe TUIbI, KakK cOMna ¢ KpyribiM BXOAHBIM ¥ KPUTUUYECKHUM CEUYEHMUS -
MU Y pa3iMuHOM (HOpPMOit BBIXOJHOrO CEYeHMSA: OBaJbHOM MM IJUIMNTHYECKOI!
(puc. 2.2a), TpeyronbHo# (pHc. 2.26), KBaapaTHOW (pHc.2.26), NMPAMOYIONbHOM
(puc. 2.22) n ap. TeueHne B CBepX3BYKOBOM YACTH TaKMX COMEN YXE CYLLECTBEHHO
TPEXMEPHOE, MO3TOMY MX MOXHO OTHECTH K THUMY TPEXMEPHbLIX HMJIM MpPOCTpaH-
CTBEHHBIX PEaKTUBHbIX COME.

Cpean Knacca Heperyampyembix comesl MOXHO TakKXe BbILEAMTb KPyrjioe WAu
TUIOCKOE COTUIO C KOCBhIM CPe3oM (pHc. 2.20, e) U CBEPX3BYKOBbIe COIIa ¢ OIWHAKO-
BO# ()OPMOI BXOQHOTO, KPUTHUUYECKOTO Y BbIXOLHOFO CEYEHUSA: OBILHOM WU 3)-
JIMANTHYECKOM (pUC. 2.201c), TPEYTONLHOK (PUC. 2.23), KBaApaTHOI (pUc. 2.2u), npsi-
MoyronbHoii (puc. 2.2k) U Iop.

OcHoBHas 3afiaya peryJMpyeMbiX peaKTUBHbBIX COMeEN — B COOTBETCTBHM € U3ME-
HEHUEM pexuMa paboTbl ABUTaTeNieii MM pexXMMa foJjieTa JieTaTe/lbHbIX annapa-
TOB — 0OeCneyYnTh pa3ivUHbIil YypoBEHbL TPEGYEMOM TATK MyTeN M3MEHEHWUs TJo-
LaAM NMPOXOAHBIX CEUEHUI1 comna, T. e. NyTeM M3MEHEHUST pacxoja Bo3ayxa (rasa)
yepe3 ABUTaTeNb UM cono. Ha puc. 2.3 nokasaHbl HeKoTopbie HaubGosiee pacnpo-
CTpaHeHHbIe CMOCOObLI PErYIMPOBAHUS MTPOXOAHBIX CEUEHUH COTEes PA3IUYHbIX CXEM.
B npocTeiillieM 3ByKOBOM coruie (puc. 2.3a) W3MeHeHWe MIOLLAAW MTPOXOAHOTO (KpU-
THYECKOro) CeYeHMs comjia OCYLUECTBAAETCS NyTeM fepeMellieHHsI OTHOCUTENbHO
HErOABUXHOM TOUKU MOJABECKH BEHIA CYXAIOLUXCs CTBOPOK (CyXeHHe MU pac-
IMpeHHe CTBOPOK U COOTBETCTBEHHO YMeHbLUEHME WU yBelnuueHHe TUIolann
NPOXOAHOFO CEYEHUS COMna).

3a pyOexoM HalllM TakXe NpUMeHEeHHWEe CXeMbl 3BYKOBOTO M CBEPX3BYKOBOTO
UPUCOBBIX COTME, peryinpoBaHue IMIoLIaAM NPOXOAHbIX CEYEHHH B KOTOPBHIX OCY-
LLECTBASIETCA MTYTEM NPOJOJBHOTO MepeMelleH s (BTATMBaHUE WM BbLABUXEHUE)
NpohUIMPOBAHHBIX CTBOPOK COMJA, KOTOPbIE JIBUXYTCS MO ClelMalbHbIM Harpas-
JISIIOWMM BO BHEUIHEM KOXyxe comia (puc. 2.36, 6).

CxeMa Hanbosiee pacnpoCTPaHEHHOTO Ha OTEUECTBEHHBIX ¥ 3apyOeXHbIX CBEPX-
3BYKOBbIX CaMOJieTax CBEpX3BYKOBOIO COTJIa ¢ HEMPepPbIBHbIM KOHTYPOM fOKa3aHa
Ha puc. 2.32. CTBOpPKH, peryiupyiolliye nioilialb KpUTHYECKOro CeYeHUS U BbIXOL-
HOTO CEYEeHUS COMJIa, MOTYT ObIThb CBSI3aHblI MeXIY OO0 M PEryAUpPOBAaTLCS C MO-
MOLUBIO OJHOM CHCTEMBI, 2 MOTYT UMETh pa3fie/ibHOC pPeryiMpoBaHue, obecneunBas
COOTBETCTBYIOLIIEE NOJOXEHHE BHYTPEHHUX M BHELUHUX CTBOPOK B 3aBUCUMOCTH OT
PeXUMOB paboThbl ABMTraTeas M MojeTa caMoJieTOB.

Perynvpyemoe comjio ¢ UEHTpanbHbIM TEJIOM MOXET UMeTbh U3MEHSIEMYIO reo-
METPHIO LEHTPaNibHOrO Tejia NPy HEeMOABUXHBIX obedalike U CaMOM LEHTPaNbHOM
Tene (puc. 2.3d), nepemMelllaeMoe LEHTPAILHOE TeNO M HEIMOABUXHYK obeuaitky,
(puc. 2.3¢) My peryanpyeMbie CTBOPKM Ha cpe3e obeuaitku Npu HeperyaupyeMom
ueHTpanbHOM Teae (puc. 2.3xc). B conne 3Toi cxeMbl BOZMOXHO TaKXe couyeTaHue
YKa3aHHbIX BblLe CrTOCODOB PErylupoBaHMs cora, YTo onpenensieTcs pexxuMaMu
paboThbl ABMraTesist UM MoJieTa CaMOJIeTOB.

Cpen 33KeKTOPHBIX PErylMpyeMbIX cOfieNl MOAYYUIH paciipocTpaHeHHe corla ¢
PeryaupyeMbIMKU BHYTPEHHHMMU CTBOPKAMH, U3MCHSIIOWMMHM NIOIAAL KPUTHYECKO-
O CCUCHISI COoMta /U1t OCHOBHOIO NOTOKA 1'a3a Yepes ABurarciihL, M HCpCFyﬂHp)’CMOﬁ
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obevaiikoit (puc. 2.33), cénna ¢ MexaHU4eCKUM (ONHOBPEMEHHbBIM WM pasfeb-
HbIM) PEryIUpPOBaHKeM BHYTPEHHMX M BHELIHMX CTBOPOK (puc.2.3u) u cémaa ¢
a3pOAMHAMHUYECKHUM perylMpoBaHUEM — MOABOAOM B 3XKEKTOPHbIM KOHTYp conja
3HAYUTENBHOTO KOJIMYECTBA BHELUHEro aTMochepHOro Bo3fyxa Ha HEKOTOPbIX pe-
Xumax paboTbl ABUraTenss — Npu OTCYTCTBUM WU NPH HATUYUU PETyMpOBaHuUs
cpesa conJjia HapyXHbIMH CTBOpKaMu (puc. 2.3k). Ipu aToM peryanpoBaHHE TIO-
LLAAKW KPUTUUYECKOTO CEYEHUSI IXEKTOPHOIO COTJIa OCYLLECTBAAECTCS NPUHYANTENb-
HO C MOMOLIBIO CTIELHATLHONH CUCTEMbI, a PEryJMpOBaHUE BHELLIHUX HapYXHbIX
CTBOPOK MOXET ObITb IGO0 MPUHYAMTENbHBIM, MO0 3TH CTBOPKHM MOTYT ObITh
cBoOOAHO NOoABEIEHHBIMU Ha WapHUPaX M U3MEHSITh CBOe NojoxeHue (dtorupo-
BaTh) NMOA NEACTBMEM Pa3HOCTH adpOAMHAMMYECKUX CHUJI, JeHCTBYIOLIMX HA BHYT-
peHHHUE M BHELUHUE MOBEPXHOCTH 3TUX CTBOPOK. ISl 35)KEKTOPHOrO COMJa ¢ a3po-
NMHAMHUYECKHM perylMpoBaHHeM, cXeMa KOTOpOro faHa Ha puc. 2.3k, CyLUeCTBYeT
elle OQHA CUCTEMA peryjMpoBaHUs NOMOMHUTENbHbIX CTBOPOK, OTKPbIBAIOILMX AO-
CTYN HapyXHOTO BO3AyXa BHYTPb COMJIa. STH AOMONHUTEbHbBlE CTBOPKH 10 aHAI0-
MM C HapyXHbIMU CTBOPKAMHM, PEryIMpYIOLIMMHU Cpe3 coMnna, MOryT MMeThb Kak
¢norepHy1o nNoaBecKy, Tak MU MPUHYIUTENbHYIO CUCTeMY peryiupoBaHus. CTBop-
KH, Peryjiupylolline KpHTUUYECKOEe CeYeHMe IKEKTOPHbIX COMest, NMPUBEAeHHbIX Ha
puc. 2.33—k, MOTYT UMEeTb CBEPX3BYKOBbl€ HAJACTaBKW WJIH HAaACTBOPKHM B KPHUTH-
YECKOM CEYEHUM aHaNIOTUYHO puc. 2.13. B 3aBUCHMOCTH OT CNOXHOCTH CXEMbl U
UMucna peryjiupyeMblX BULOB CTBOPOK (BHYTPEHHMX, BHELWUHHMX, HAACTBOPOK MU T. I.)
3KEKTOPHOE COIUIO MOXET Ha3plBaThCsl ABYX-, TPEXCTBOPYATHIM M T. II.

PaccMoTpeHHbIe Ha pHC. 2.3 CXeMBI peryIupyeMbIX CONeN XapakTepH3yroT THITbI
KAK KpYIIblX, TaK U MJOCKUX peakTUBHbIX conen. Cpeaun crneunanbHbIX CXeM co-
neJsi, npeHa3HaueHHbIX 1151 YIOBAETBOPEHUS, HANPUMED, TPEOOBAHUAM MOHMXKEH-
HOTO YPOBHS AEMACKHUPYIOILIMX MPU3HAKOB, MOXHO yKa3aTb NpUBEAEHHble Ha puc. 2.4
CXeMb] IMJIOCKOTO COMJIA €O CKOWEHHBIM MPU BUIE CBEPXY CPE30OM M BEPTHKAJIbLHbI-
MM [eperopoikaMu, yCTaHOBJIEHHBIMUM Ha BbIxode conja (puc. 2.4a), U MJIOCKOro
conjla «JJOTKOBOro» THIMa, MMEIOLEro 3adaHHble YIJbl cpe3a 3ajJHHUX KPOMOK
(puc. 2.46), — aHanor conej camosetoB F-117 u B-2 (CLIA).

[1puBeneHHbie Ha puc. 2.1-2.4 cxeMbl HE MCYEPITLIBAIOT BCEro MHOroobpa3us
MCMONB3YEMBbIX NSl pa3TUYHbBIX 3aa4 peakTUBHbIX COMCJ, ONHAKO, AAIOT MpeicTaB-
JNienre 06 UX MHOTooOpa3uu K OCHOBHbLIX 0COBeHHOCTAX. bojee nMoapoOHYIO HMH-
(hopMaUMIo O cxeMax conesl ¥ MX KOHCTPYKUMHM MOXHO MOAy4YuTb U3 pabot [14],
[20], [38]-1[49], [71] n mp.

CrneayeT OTMETUTh, YTO NpUBEleHHbIe Ha pHUC. 2.1-2.4 cXeMBbI COMeJl COOTBET-
CTBYIOT pexXHMaM ropusoHTanbHoro noneta JIA. CxeMbl peakTMBHBIX cCOMes Ha
CTIeUHANIbHBIX pexXuMax (OTKAOHEHUE BEKTOpa TATH, peBepca TATrM) OyayT naHb! B
COOTBETCTBYIOLUMX IJ1aBax.

2.2. XapakTepHble cedCHHSI H reoMeTPHYeCKHe NnapaMeTpbl
pPeaKTHUBHBIX cone

an aHaJin3e TCYEHUR B peakTUBHLIX comax modoro TUna u onpeaecHnun Ux
OCHOBHbLIX a3pOAMHAMHUUYECKHMX XapaKTEPHUCTUK C YUETOM BHEUIHCTO obTeKaHHs
BLIJICASIIOTCST HCCKONLKO XapakTepHblx ceueHM, TAe MOMXKHbI ObITb M3BECTHBI HJIH
onpejaAcnciibl OCHOBHLIC NapaMCcTphbl MOTOKA. Ha pHC. 2.5 3TH ccuCHMSI MOKa3aHbl
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[UIS TIpUMEpa Ha CXeMEe CBEPX3BYKOBOIO 2XEKTOPHOIO COMJIA M COIia C UEHTpadb-
HbIM TeJIOM. Bo BHYTpeHHEM KOHType comJia MpH aHaiu3e BHYTPEHHETO TEYEeHUs 1
OMNpenesleHNU ero BHYTPEHHUX XapaKTEepUCTUK paccMaTpUBaIOTCS:

~ BXO[IHOE CeueHue coruia (BX);

— KpUTHYecKoe (MUHMMAIbHOE) CeyeHUe coria (Kp);

— BBIXOJHOE ceyeHHe (cpe3) comna (c);

- HavyajbHOE ceyeHHUe BHYTpeHHeil obeuaiiku conna (006);

- Cpe3 CBEpPX3BYKOBbLIX HAACTaBOK (MM HAACTBOPOK) AN COMEN C pa3pbiBOM
KOHTYypa (a).

Ecnv HaacTBOPKM OTCYTCTBYIOT MJIM BHYTPEHHWI KOHTYD comja 6e3 pa3pbiBOB
(conio ¢ HenpepbIBHBIM KOHTYPOM), TO ceYeHHe (a) COBMajaeT ¢ ccyeHUeM (C).

[Tpu aHann3e o6TeKaHMsl cOma BHELIHUM MOTOKOM pacCMaTpUBalOTCsA:

— ceyeHye MUJeNst TOHIOAb! (MK (ro3esxa) JeTaTeJbHOro annaparta (M);

- cevyeHue MHUAENs CorJia, KOTOpoe COBIaNaeT ¢ CeYeHUeM, Ile COTUIO CThIKYEeT~
Csl ¢ XBOCTOBOM YacCTbIO TOHAOJbI WK (io3essiKa (Mc);

- CeyeHMe cpe3a HapyXHbIX CTBOPOK COMJA (Cp), KOTOPOE B OBILEM Cllyuae MOXET
He COBMAaTh C CCUYCHUEM (C) BHYTPEHHETO KOHTYpa KaK MO pacnoNoXeHUIO, TaK 1
Mo pa3Mepam;

- ceueHMue, XxapaKTepuaylolllee IOHHbIA cpe3 FOHA0Nb! MK (ro3ensxka, obpaly-
IOLMIACA MPHU KOMIIOHOBKE corlesl Ha-jieTaTeNbHOM amnmnapare (1); pacrnofoXeHue
3TOrO CeYeHUs orpefesercs TUIOM KOMMOHOBKU; B U30JMPOBAHHBIX COMIaxX ce-
YeHHue (), KaK NMpaBUJIo, COBMamaeT ¢ ceyeHUeM cpe3a CTBOPOK (Cp).

Jlng consla ¢ yKOpOUeHHBIM LIEHTPANbHBIM TEIOM B KOMITOHOBKE TOMUMO ceye-
HUs (1) CyLleCTBYeT ceYeHue, XapaKTepu3aylolliee AOHHbIN Cpe3 LeHTpalbHOoTOo Tefa
(8,7 ). B cOOTBETCTBHHM € pacCMOTPEHHBIMH Bbillle XapaKTePHBIMM CEUEHHUSIMU OI1-
peaesiioTCA OCHOBHbIE reOMETPUYECKUE MapaMeTphl COoMell, KOTOpble yKa3aHbl Ha
puc. 2.6 1 2.7 1151 HEKOTOPBIX CXeM KPYTJIbIX M MJIOCKUX coriefl. [Aist Kpyribix coTiest
XapaKTePHbIM pa3MepOM B COOTBETCTBYIOLEM CEYEHHH CIYXHUT IHAMETP OKPYXHO-
CTH D, A1 MIOCKUX collell — BbIcoTa H ¢ COOTBETCTRYIOILMMY MHAeKCaMHU. Xapak-
TepHble JUIMHbI YYaCTKOB COMJIa U YIUIbl HAKJIOHA KOHTYpa (MU TIOBEPXHOCTH) ISl
KPYFJIbIX U TUIOCKUX COMesl MACHTUYHBL.

Kpyrable cénna no BHYTpeHHEMY KOHTYPY XapaKTepU3YIOTCS CeAYIOLMMU OC-
HOBHbIMM FeOMETPUUYECKMMH NapaMeTpamu U pasMepami (puc. 2.6):

D,, — AvameTp BXOLHOTO CEYeHUs cora,

Dy, — DMaMeTp KpUTUYECKOTO CEYEHUS COMNa;

l,x — MJIMHA JO3BYKOBOH 4YacTH COMJIa OT KOHLA BXOAHOTO y4yacTka A0 KPWTH-
4YeCKOro ceyeHus;

Ocp — YTOJl CyXeHHs [103BYKOBOH YacTH B KPUTHYECKOM CEUEHMU COMIa.

(CrnenyeT OTMETHTB, UTO YIJIOBbIE TOUKM Ha MEPeXOAHbIX y4yacTKax KaHana oT
LUUAHHAPUYECKOTO BXOJa K CYyXaloWeics J103BYKOBOM YaCTH, OT CyXalouleicst K
PACLUMPSIIOLLENCS YACTU CBEPX3BYKOBOIO COMIa M T. . MOTYT XapaKTepU30BaThCs
pammycamMu OKpyTjleHUR 3TUX YIJIOBbIX ToueK R M R, M T. 1. KOTOpble Ha pHuc. 2.6
He 1oKa3aHbl.)

Hanee, B 3aBUCHMOCTH OT CXeMbl COMJA XapAKTEPHLIMM reOMETPHUECKHMIM Ma-
PaMETPaMK BHYTPCHHEIO KOHTYpA SIBASIOTCA:

a) IUTsi CBCPX3BYKOBOTO KOHMYCCKOIO coruia (pHc. 2.6a):

/)L. — JIHAMCTP BLIXOAHOTO cCcucHs,
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I, — IJIMHAa CBEPX3BYKOBOH 4acTH;

6, — Yroj KOHUYHOCTU CBEPX3BYKOBOI 4acCTH,
6) 119 3ByKOBOTO 3XXEKTOPHOTO COMAa AOMONHUTENBHO NMOABASIOTCS (pUC. 2.66):

D,
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Puc. 2.6. OcHOBHbIE reoOMeTPHYECKIE MapaMeTpbt
KPYTAbIX comnen:
¢ — CBEPX3BYKOBOC KOHHYECKOE COMNO; § — IXKCKTOP-
HOC CONAO; @6 — COTLIO € pa3pLIBOM CBEPX3BYKOBOTO KOH-
Typa, ¢ — COMJAO0 ¢ UCHTPAILHbIM TENOM

o6 loss B0 — COOTBETCTBEHHO AMAMETP, ANWHA M Yroll HakJoHa ‘obeyaiiki

6,4y — IKBHBAJIEHTHBIA YroJl KOHUY-
HOCTH MeXIy Cpe3aMu KPUTHYECKOro H
BbLIXOJHOTO CeYEHHUs cOora;

B) JUIS 3XEKTOPHOTO corJjla € pas-
PBIBOM KOHTYpa €llle AOMOJHATCS
(puc. 2.6s):

D,, I,, 6, — COOTBETCTBEHHO AMAMETP,
IUTHHA U YTOJl PacKpbITHS CBEPX3BYKO-
BbIX HAaICTAaBOK (HaZCTBOPOK) B KPUTH-
4YeCKOM CEeYEHMM COMNa;

T) JUid COIula C UEHTPAIbHbIM TEIOM
(puc. 2.6¢) MosBASIOTCS] NapaMeTphl, Xa-
PaKTEPHU3YIOLLME pa3Mephbl LEHTPaJIbHOTO
Tesa:

Dy, Dy, — HOvaMeTpbl KaHala W
LEHTPaIbHOrO Tejga BO BXOJHOM y4acT-
Ke KaHana,

Dyp,; — AMAMETP LEHTPAILHOTO TeNa
B KPUTHYECKOM CEYEHHUU cora,
Dy, , — OMaMeTp [OHHOIo Topua

LEHTPANbHOrO Tejla, €CiH OHO MMeeT
YKOPOYEHHYIO JUIHHY,

lgxs Bp — COOTBETCTBEHHO IIMHA W
YroJl HAKJIOHa KOHTYPOB BXOIHOTO y4a-
CTKa B KPUTUUYECKOM CEYEHHMH COITa;

D(D,), t,, 8, — OuaMeTp, AJIMHA i
Yroll packpbiTUsl CBEPX3BYKOBbIX CTBO-
POK Ha obeyaliike corua.

Mo BHeuHeMy KOHTYpPY U30/1pOBaH-
Hble cOrna B cucTeMe TroHAobl (¢hio-
3eAKa) XapaKTepU3yKTcs CIeayLN-
MH TreoMeTpUYECKUMH TapaMeTpaMu
(puc. 2.6a):

D,, — AnameTp MuUAeseBa CeyeHMs
(Muzens) roHponbl uan drosensixa JIA;

l; (Iy) — AnvHa cyxalolleics XBOCTOBOM yacTH FoHAob! ((lo3ensxka) 10 ceve-

HUSI MOABECKU (MUAEIS cofa);

D, — AnameTp MHAENS COMJa (IMaMeTp CeueHMsl, TIe COTLUIO CTLIKYETCH € FOH-

[10710#t UK DIO3EIISIKEM );

chp,- — payC CKpYMACHHs KOHTYPa XBOCTOBOI HaCcTH FOHA0AL! MK (hro3esixa;
0, (0y) — yroa HakjioHa KOHTYpa XBOCTOBOI YaCTH roii1oiibl ((hio3esiska) b ceue-

HHHM CTLIKOBKI € PCAKTHBHDLIM COITJIOM:
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lep — WIMHA HAPYXHBIX CTBOPOK COMa;

D, — nuameTp cpe3a HapyXHbLIX CTBOPOK COTIa;

8.p — YTONl HAKJIOHA HAPYXHbIX CTBOPOK Ha cpe3e comnna,

Rip, — PALMYC OKDYFIEHUs YIIOBOH TOUKHM 33 MUIEEBbIM CCUCHUEM COMIA.

Ha apyrux cxemax napameTpbl, XapakTepu3syloliMe BHEILWHMIl KOHTYp comna,
aHaJIOTUUHb! pHUC. 2.6a@ 11 He MOKA3aHbI.

B HekoTOpbIX cayuasix (puc. 2.66) BO3MOXHO HECOBMAfEHUE JIMHbI HAPYXHbIX
U BHYTPEHHMX CTBOPOK COIUIa, B 3TOM Cjlydae MUIMHA /; XapakTepuU3yeT BbIABUXE-
HWE (MM HeCOoBMaAeHHe) CPe3oB HapyXHbIX U BHYTPEHHNX CTBOPOK (D, ¥ D).

Bo3MoxHO TakXe, 4TO U3-3a HeGOJIbILON! TONLLMHBI KPOMOK corla auaMeTp D,
MPAKTUYECKH COBNAMAET C AMAMETPOM D, (puc. 2.66), YTO MOXET UMETH MeCTO /IS
mojeniert cones HeGONbLUIKMX rabapHTOB.

Jinst cxeM TUIOCKMX COTMesl TeoMeTpUyecKue napaMeTpbl B GOKOBOM MpPOeKUitH
AHAJIOTUYHbl FeOMETPUYECKUM MapaMeTpaM KpYIJbIX COIesi ¢ 3aMeHOil XapakTep-
HbIX AMaMETPOB Ha XapaKTepHble BHICOTHI.

OTNMUUTENLHONH 0COBEHHOCTBIO TUIOCKUX COMesl SIBASIIOTCH reoMeTpUueckue
napameTpbl, XapakTepHU3yolliue WIUPHHY COTJIa B COOTBETCTBYIOLLIEM XapaKTepHOM
cevyeHun (puc. 2.7). Ha npuBeneHHbIX cxemax Mjockue conia MMeioT napanesb-
Hble 60KOBbLIE CTEHKU BHYTPEHHEro KaHajla U BHELIHEro conja 4 COOTBETCTBEHHO
OLWHAKOBbIE Pa3Mepbl WIMPHHLL KaHANA BO BXOAHOM (by,), KpuTHUecKoM (by,),
BbIXOAHOM (b,) ceueHUsIx cores U aHaNOMMUHO — OAMHAKOBYIO WWHPHUHY B MUAese-
BOM CEYeHHWW TFOHAONbl Wau drosensixa (b}, B MUIeNeBOM ceueHUM (h,.) M Ha
cpese conna (b,).

B cayuae, ecnn GoKoBble CTEHKM TUJIOCKMX comesi He OyayT napasfesbHbIMU,
yKa3aHHble MapaMeTpbl B XapaKTepHBIX CeUeHUsIX OyAyT pa3fiHuHbIMK MO pa3Mme-
pam, HO MAEHTHUHBI M0 06G03HAUYCHUSM.

Eute oqHO 3aMeyaHHMe cieayeT ciefaTbh OTHOCUTENbHO PACTIONOXEHWS KPUTH-
YEeCKOro CeYeHMs comla, U ocobeHHO AMsl KPYTAbIX MAKM MJIOCKUX COTIEN C UEHT-
paabHbIM TeloM. [TOMUMO OBBLIYHOTO PACHOOXKEHUS! KPUTUUECKOTO CeUeHHs HOp-
MaJbHO K HAMNpaBleHUIO MOTOKA (pHC. 2.62), BOIMOXHO HAKJIOHHOE paconoxe-
HUe 3TOro ceueHust (puc. 2.7¢), UTO MO3BOJSET YMEHBWMUTL FabapuTbl (ANUHY)
LIeHTpaJIbHOTO Tena.

JlonoNMHUTENIBHO K MPHMBEAEHHbIM Ha pUC. 2. 6 ¥ 2.7 TeOMETPUUECKUM MNapamMeTpam
OCHOBHbIMM [COMETPUYECKMMHM NapaMeTpaMM COMeJi BCEX CXEM W THUIOB ABIAIOTCS:

F, = F,/F, — OTHOCHTENbLHAs MOIWAAL MUAENS, T. €. OTHOLIEHHE MJIOLLALH
MHIENS TOHAONBE (Pro3e1AXa) K Niolaid KPUTHYECKOTO CeUeHMs COMa,

Fy = Fy/Fp — OTHOCHTE/IbHAsI NJOLLAAb BXOAA, T. €. OTHOUIEHHE MAOLIANN
NOMepeyHoro ceteHMs BXOAHOIO KaHala K MJ0LAaAn KPUTHUUECKOTO CeUeHUs! COrla
{BO3MOXHO MCMONBb30OBaHUE 0BPAaTHOMN BenuuuHbl F, = F ) /F,.);

F. = F.[F,, — OTHOCHTe/lbHasi MJOILAlb CPe3a COMIA, T. €. OTHOLIEHKAE MIo-
uafu ¢pesa K MIoLaan KpMTUUECKOro cevdeHusl conla,

F, = Fﬂ/FKD — OTHOCHUTEJILHAY IoLLalb Cpe3a CBEPX3IBYKOBLIX HANCTABOK (Hall-
CTBOPOK) coMia;

Foue = Fawy /Fey — oTHOCHTEILHAS N01AL IOHHOTO CPe3d 1 HTPAILHOTO TeId,
T.C. OTHOIUCHIIC MIOHIALM JIOHIOTO CPE3a K TLIOIIAAN KPHTHUECKOTO CeYeHMst Corlta;
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Puc. 2.7. OcHoBHble reoMeTpUUECcKHe NapaMeTpLl MAOCKHX cones:

a — [UIOCKOE CBEPX3BYKOBOC COMAO; § — NJIOCKOC COIAO € UCHTPAMLHBLIM TCAOM: 8 — [JOCKOC COfA0 ¢ KOCLIAL
Cpe3ost
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F.c = Fy/F, — OTHOCUTe/bHas NIOLIAAbL MUAENS COTIIA MW OTHOLLIEHHE MJ10-
wany¥ MUOeNs comia K niollaay MUAENs TOHA0Nb! ((hlo3ensxa);

Fy = Fp/Fy — OTHOCHTENbHAsI MOWANL CPe3a HAPYXHBIX CTBOPQK COMLIA,
T. €. OTHOIUEHHME MIOLIAAN Cpe3a HApPYXHBIX CTBOPOK K MIOLAAN MUIENS TOHIONbI
(drozensixa).

Yka3aHHble Ha puc. 2.6 1 2.7 xapakTepHble JUIMHbI OTHOCSITCS TPY aHalIu3e BHYT-
PEeHHETo TeUEHUS K JMaMeTpaM (MM paguycam) UIS KPYIAbIX cOMeN M K BblCOTaM
(MM NONYBLICOTAM) UIA MAOCKUX COTEN B CEYEHUH BXOJA UM KPUTHUECKOM ceue-
HMM CcoMnJla, B CEUCHHUU MMIENSI — NPHU aHajiM3e BHELIHErO 00TEKaHUs conna.

Ins NAoCKUX comen BaXHbIM eOMETPUUECKUM MApaMeTpPOM SIBAISIETCS TaKxke
OTHOIWEHHE LWKUPUHDBL (b) K BbIcOTE (h) B COOTBETCTBYIOLUMX CEUEHHMAX KaHala WK
BHEWIHErO KOHTYpa COMJjla U, B YaCTHOCTH:

by = by /hy — B MuReneBoM ceyeHmnu;

b = bgy/hy — BO BXOZHOM ceyeHMM comna;

Exp = by, [hy, — B KPUTHUCCKOM CeYeHMM confa.

Hpyruve, 6onee yacTHbIE TeOMeTPUUECKUE NAPAMETPBI, XAPAKTEPU3YIOLLIME HEKO-
TOpble CXeMbl conej, GyayT paccMOTpeHbl MNP aHalu3e a3pora3oAMHaMHUYECKUX
XapaKTEPUCTHK COIed.

2.3. Tunbl KOMIIOHOBOK PEAKTHBHLIX COIIEJI HA caMoJleTax
M UX OCHOBHBIEC NapaMeTphbi

Hanbosee yacto BcTpeyalommecss B OTEUECTBEHHONH U 3apyGeXHO NpaKTHKe
4BMa/IBUTraTeIeCTPOEHUsI KOMINOHOBKW JABUrarTeieit ¢ peakTUBHLIMM COMIAMMK Ha
CaMoJIeTax BKIIOYAIOT B c€0s OT OJHOIO [0 YeThipex Wiu Oosee ABMUraTeseit, pacno-
JIOXKEHHbIX B Pa3finiHOM COYETAaHUH MO MX YUCAY B TOHJ0/E UM dlro3eisixe camo-
neta. HexoTopble THITbI KOMIMOHOBOK C KPYI/IBIMUY MM TJIOCKMMU COIMJIaMU MoKa-
3aHbl Ha puc. 2.8. XapaKTepHbIMU OCOGEHHOCTAMU KOMNOHOBOK SIBASIOTCHA 6An3-
KOe pacrosioxeHue ABYX KPYIJbIX WU TUIOCKUX coMnesl B Pro3ensixe MM roHnone
(puc. 2.8a, 6, d, xc), Gonblioe paccTOsiHWE comen ABUFaTeNel Apyr OT Apyra (pa3-
HeceHHble conna, pic. 2.86), NakeTHOe pacnofioxXeHie YeTbipex (Uau bosee) conen
B OAHOI1 TOHAONE UAK XBOCTOBOI vyacTu droszensixka (puc. 2.8, e).

[py o6beAMHEHUM peakTHBHBIX COMeN B KOMMOHOBKAX ¢ HeCKONbKUMH JIBUraTe-
JISIMU NOAABAETCS ZOTIONHUTENbHO PSI BaXHbBIX FEOMETPUUECKUX NapamMeTpoB (puc. 2.9):

F, — naoutaab AOHHO# 06nacTh MeEXAYy COTUIaMH B KOMIMOHOBKE;

[, — PacCTosiHUE MeXAy OCsiMIf IBUraTefieii Wiu collenl (pazHeceHMe COMen);

lon — PACCTOSIHWE MEXY BepPTHUKANbHBIM OMepeHHeM WIH KUIISIMU;

Ion M Qg — TOJILLIMHA U YIOJ1 HAKJIOHA OMEpPeHUst AN KHUIeH;

8 — yroj CXOXAEHHSs (3aKJIMHEHUs) (+8) MM PacXOoXIEHUs (pacKIMHEHUs)
(—8) oceir comnen;

Iy M 1, — paccTostHUe oT Gio3ensxKa WK 31EMEHTOB MIaHepa JO MOBEPXHOCTH
ABUTaTesisl UK cofia.

[ToMumMo npuBefieHHbIX Ha puc. 2.8 U 2.9 cxeM KOMNOHOBOK AOCTATOYHO Ha-
FASHOC PEACTABACHHE O TOM, KaK BLIIISIASAT PCAKTUBHBIC COMAa B KOMMOOHOBKAX
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SHHBIX CaMOJIeTax, MOTYT daTh NpUBeaeHHble HUXe (hoTorpaduu conen
pasnuuHoro HasHaueHus [49], |51}, |80}, [81]. B paiioHe pacnonoxe-

... UBEPX3BYKOBOT'O COI/1a ¢ HEMPEPBLIBHBIM KOHTYPOM OHOABIIATENbHOIO CaMO-
nera F-16 (puc. 2.10), aByx conen upucosoro tuna camonera F-14D (puc.2.11),

i
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E m
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0060

Puc. 2.8. KOMNIOROBKI cOnea Ha CaMOAeTAX!

a — GJIHJK()PLICII(UIO)KCHHL[C conag; & — pasteceitiinie COMA; ¢ — ABA COIIA B KaxClof roi10/1e; ¢ ~ UAKeT Hi
HETHIPEN cofnen; d - 61!n’;xopz\cnonm«cmlmc COMIA, € — FIAKET M3 HCTLIPEX CONCJ, I — jiBa COILIA B KAAUIOM FOaoe

ABYX CBEPX3BYKOBBIX COMEJ C HEMPEepPbIBHbIM KOHTYPOM camonietoB F-135 (puc. 2.12),
Mur-29 (puc. 2.13) u Cy-27 (puc. 2.14) HaxoAUTCs ROCTATOYHO MOUIHOE XBOCTO-
BOC OfCpeHUC (BEPTHKANbLHOE 1 FOPH3IOHTAILHOC), OKA3LIBAIOUICE BAHSITIMC HA 00-
TeKaHME HAPYXXHOIT MOBCPXHOCTH peakTHBHLIX contesi. B KOMIOHOBKAX co cpeiHnMm
pasyiccerieM conest Apyr ot apyra (puc. 2.11 1 2.13) npocMaTpHBacTes Halifiue
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Ponep

Ponep

foncp

Puc. 2.9. OcHOBHble MapaMeTpbl KOMMOHOBOK:

« — KOMIIOHOBKA € JIByMs ABUraTeNAMM, 6 — KOMIIOHOBKA C HETbIPLMA ABHIATCAAMU, 6 — 3UKJAMHEHHUC (_+5) "
PACKJIHHCHHE (—-6) COMCA 2 — KOMIlIOHORKA C JIRMIATEIAMH 110/ KPLINOM

MCXCOMOBLIX CTCKaTeAcit padnnyHoil opMbl. B KOMNOHOBKE ¢ 60OALUIMM pa3He-

CCHUEM COMEA IPYT OT Apvra (puc. 2.14) ol paijiesicHbl XBOCTOBOI HacTLIO (no3e-

JIsKaA caMoJicTa.
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Puc. 2.11. Camonet F-14D ¢ KpyrabiMH connami

Pucynku 2.15 1 2.16 {anI0CTPUPYIOT PACHONOXEHHE YETLIPEX CBEPX3BYKOBbIX pe-
AKTHBHbBIX COMeEJ C HETIPEPBIBHBIM KOHTYPOM B ABYX MOHIOJaxX (C ABYMS ABMTIaTesi-
MM B KaX10i1) MOA KaXAbIM KPbLJIOM camoneTta B-1, 10cTaTouHO 6AU3KOE pacnosoxe-
HHE PeaKTUBHBIX COMEN B paiiOHe 3aaHeil KpOMKH Kpblia TIpH €ro MaKCUManbHOM
CTPENOBHAHOCTH, HaJIUUUE MEXCOIUIOBLIX CTeKaTeJeH pa3IMyYHOro THUIa B 3aBUCH-
MOCTH OT MoAM(UKALIMK caMoJIeTa.

IMakeTHoOe pacnosoXeHHUe YeThIpeX 3KEKTOPHBIX CBEPX3BYKOBBIX PErYIHpPYeMbIX
corneJl B pailoHe XBOCTOBOM wacTH (ro3efisika naccaxupckoro camosieta Ty-144
noKasaHo Ha puc. 2.17.

Mpusenennsie Gotorpaduu cornes HEKOTOPbIX CAMONETOB HAIOT OCHOBaHME
CUMTATh, YTO YCNOBHSA OOTEKAHMS KPYIbIX COMEN B KOMITOHOBKCE X Ha JICTATC/Ib-
HOM arnapate MOTYT B 3HAUMTENLHON CTENCHHU OTAUUATLCS OT YCAOBUIT 0bTeKa-
HHMA H30MMPOBAHHBIX COMCS TEX XE CXCM BBUIY HAJHUMSI 3JCMCHTOB MaaHepa,
droszensika v T. 4.
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Puc. 2.12. CamoneT F-1SE ¢ xpyrablMi conaaMu:
a — Ha BecdopcaxHOM PEXUME T10J1eTa; 6 — HAa PCXHMeE B3/IETa © (hOPCca)oM

doTorpadun HEKOTOPbIX 3apyBeKHbIX caMoeToB, co3aaHHbix B CLUA u ume-
I0LLMX MAOCKUE BbIXOAHbIE YCTPOWCTBA (peaKTUBHbIE CONNa), NpeacTaBieHb! Ha
puc. 2.18-2.21. Cpenu HUX co3laHHble B X0Ae peaju3auunu rnporpaMmsol «Crenc»
Majno3ameTHble caMoneTbl F-117, F-23 u B-2 u uctpebutens F-15.

Ha camoneTe F-117 06a MA0CKKUX BLIXOAHbIX YCTPOICTBA UMEIOT NPU BHJIC CBEPXY
CKOUICHHbIE NOJ YINIOM NMpHMepHO 40° cpe3bl BLIXOAHDLIX CeYeHU i, camoneTh! YF-23
M B-2 MMeIOT Nno ABa BbIXOAHBIX YCTPOHCTBA ¢ KOCLIM Cpe3oM (BJIHM3KHE K cXeme
[JIOCKOTO COMUIa ¢ HIMXKHCIH naHenblo). [TpunmepHble CXeMbl cofies 3TUX CaMOAEeTOB
Obk anul Ha puc. 2.4 B pasaene 2.1, Camonet F-15 MMeeT ABa 9KCACPUMCHTATbHLIX
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Puc. 2.13. Camoner Mul-29 ¢ kpyraviMu Puc. 2.14. Camonet CY-27 ¢ KpyrIbIMH cOMAaMK
coniamu

Pic. 2.15. Camoser B-1A B monete ¢ KpLUIOM B NOJ0XEHHH, COOTBETCTBYIOLLEM MaKCUMAaNbHOM CTpe-
JIOBHIAHOCTH

NJOCKKX CBEPX3BYKOBBIX COINJIA C HCIPEPLIBHBLIM KOHTYPOM, 06ecreynBalouiMx pe-
Bepc M OTKJIOHEHHE BCKTOpa TArU comel (puc. 2.32 u 2.7a).

CIOXHOCTb CXEM PEaKTHBHBLIX COMes H KOMMOHOBOK MX Ha camolieTax, MHOIro-
o0pa3ue reoMeTPHYCCKMX [TapaMeTPOB CYLIECTBCHHO YCTOXHAIOT Npohiienbl onpe-
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Puc. 2.16. a — camonet B-1A; 6 — camorner B-1B

AeSIeHUst OCHOBHBIX a3pora3oaMHaMMUecKMX xapaktepMcTUK. KpaTko aTu npobie-
Mb! 1111 BOMpochl chOpMYyIMpPOBaHbl B CleAylOLleM pa3jeie.

2.4. IlpoGaeMbl peaKTHBHBIX comel

K ocHOBHBIM npobGaeMaM a3porazofMHaMUKHU OTHOCSITCS:

BuyTpennee Teyenue

1. OnpepeneHue OCHOBHLIX ra30AHHAMUUECKUX XapAaKTEPUCTHK — Koadhduim-
CHTOB PACXO/la, HMIYALCA M TSITH (HJIM NOTEPb MMAYALCA U TATH) B 3aBMCUMOCTH

OT FEOMCTPHMUCCKHX NMAPAMCTPOB CONeN M ras’onMHaAMHYCCKHUX NMApaMETpPOB Peak-
THBHOI CTPYH.
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Puc. 2.18. Camoner F-117 ¢ nnockuMu connamu

2. HaxoxzaeHune onpefesioninX napaMeTpoB, OT KOTOPHIX, B IEPBYIO O4EPE/b,
B 3HAUMTENbHO CTeMeHU 3aBUCST BHYTPEHHHUE XapaKTePUCTUKH COIeJ; onpeaee-
HUE COCTaBASIIOIIMX BHYTPEHHHUX TNOTEPb TATM WX UMNYbCa.

3. HaxoxaeHHe ONTUMAasbHbLIX FeOMETPHYECKKHX NapaMeTpoB, obecreymnBalo-
ILMX MaKCUManbHble KO3MULIUEHTBI pacxoJa U MUHHUMAJbHbIE TTOTEPHU TATH U
MMIynbCa.

4. OnpejieieHKe BEIMUYMHbI YXYXILCHUS Ta30AMHAMUUECKHX XapaKTEPUCTHK NMpH
OTKJIOHCHHMM TE€OMETPHUYCCKUX M1apPaMETPOB COME OT OMTHMAALHLIX 3HAYEHH.
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Puc. 2.20. Camonet B-2 ¢ nnocKiuMH comiaMu

S. Onpepenerue Kak MWHTETPaIbHbBIX, TAK U JIOKAIBHBIX XapaKTepPUCTUK COMe,
BbISICHEHUE OCOOEHHOCTE! KAapTHHBI TEUEHUS] B COMJIax Pas3/IMYHbIX CXEM.

6. UccnenoBaHue nepexonHbIX peXMMOB TEYEHUS B COMJIAX.

7. OnpepeneHUe OCHOBHbLIX ra30AMHAMHUYECKHUX M TATOBBIX XapaKTepUCTHUK He
TONIbKO Ha PeXUMax CO3AaHMSA NMPAMOM TSATU, HO U PEXUMaX peBepca WK OTKJIOHE-
Husa BekTopa Tard (OBT), a Takxke — Ha pexXMMax LIYMOTJyLIeHUS.

OTU ¥ Apyrve BOMPOChl BHYTPEHHE! rasofiMHaMMKH PEaKTUBHBIX COMEs pella-
I0TCA B pe3y/ibTate NpoBeAeHUs YUCHEHHBIX M 3KCMEPUMEHTANbHBIX MCCIef0Ba-
HWI, NpUYEM B 3TOI 06JIACTH 3a NMOCNEAHUE Ba-TPU AECATUNETUS cAeNiaH cylue-
CTBEHHBI Nnporpecc B pa3BUTUM YUCJIEHHBLIX METOJIOB pacyeTa.

Bueltee o6TekaHue

I. OnpeneneHe COMPOTHUBAEHUS OCECUMMMETPHUHBIX M MJIOCKHUX CYXAIOLLHXCS
XBOCTOBbLIX HaCTEA.
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Puc. 2.21. Camonet F-15 ¢ nnockumu connamiu:

a — 3KCNepUMeHTaNbHbl caMoneT F-1SSMTD ¢ ycTaHOBACHHBIMH NAOCKMMHU COMAMH B NEPBOM KOHType. 6 —

pexifabl paboTbl MAIOCKHX conen Ha camonete F-15SMTD. / — HopManbHblit pexXiM; 2 — OCHOBHO PeXKM OTKAO-

HCHHUA BEKTOPA TRIN; 3 — pexiuM OTKAOHEHHKS NMOTOKA ¢ NOMOLLBLIO PEIIETOK (MMOBOPOTHLIX JONATOK): 4 — PCXUM
PEeBEPCHPOBAHUA TATH

2. OTbickaHWe reoMeTpHYEeCKHX MapaMeTpoB XBOCTOBOM YACTHU U COMUIa M raso-
OMHAMUYECKHX NapaMeTpoB HaGeraiollero MoToka, ynpabasiiolMX OTPEIBOM MOTO-
Ka C MOBEPXHOCTH COTMeEJ.

3. O6ecnevyeHue Ge30TPLIBHOrO OOTEKAHMS CYXalOUIMXCS XBOCTOBBIX YacTei
BHCLIHMM MOTOKOM.

4. OueHKa BAUSIHHS PCAKTHBHOM CTPYHM Ha OTPLIB BHEUIHETO MOTOKA OT NoBepX-
HOCTH come.
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S. BbisicHeHHe ocobeHHOCTeH 06TeKaHUA XBOCTOBBIX YACTEH MPU TNepexone Te-
YeHUS OT OCECUMMETPHUUYHOrO K NMPOCTPAHCTBEHHOMY U TUIOCKOMY.

6. OrnpeneneHne ocoGeHHOCTEN OGTeKaHUsl cOTeN B KOMIIOHOBKax M BJAMSIHHE
3JIEMEHTOB IUlaHepa Ha OTPbIB MOTOKA.

3T npobaeMbl U 0COGEHHO NpobiieMa OTPbIBA NOTOKA U obecneyeHus: 6e30T-
PbIBHOTrO 06TEKAHUS COMeJ pelialoTesl, IMIaBHBIM 0GPa3oM, B pesybTaTe 3KCIEpH -
MEHTAAbHbIX UCCIEJOBaHMH.

TeueHne B JOHHBIX 06JacTaX

1. OnpeneneHre NOHHOTO NABJIEHUS M JOHHOIO COMpPOTHBAECHUS Tesl pa3ivy-
HO# dOopMBbI.

2. BiusiHMe reoMeTpUUYECKHX NapaMeTpOB XBOCTOBOM YACTH U COIJIA Ha IOHHOE
laBjieHUe.

3. BausiHue peakTUBHOM CTPYM Ha TeyeHHe B JOHHBIX OGJACTSAX.

4. Bausinue uKcha cones Ha JOHHOE [JaBieHHE.

5. OnpepneneHue cnocoboB CHUXEHUS JOHHOTO COMPOTUBIEHUS.

[1p1 cBepX3BYKOBOI CKOPOCTM MOTOKA BOMPOCH! JOHHBIX TEUEHU pPellaloTcs
UCMONb30BAHUEM YUCIEHHDBIX METONIOB AU B pe3yJibTaTe 3KCNEPUMEHTATbHBIX HC-
ciegosaHuit. [lpu n0- M TPaHC3BYKOBOII CKOPOCTH — B pe3yibTaTe 3KCMEepUMEH-
TaJibHbIX UCCIENOBaHUM.

DddexTuHasd Tara

1. Onpenenenne norepb 3HGHEKTUBHON TSIIM Ha OCHOBHBIX peXHUMax MoJieTa.

2. CpaBHeHUe 3(DheKTHUBHOI TATM 0CECUMMETPUUYHBIX M [JIOCKHX coMneJl.

3. BausHUe 2/1eMEHTOB TlaHepa Ha 3 (HeKTUBHYIO TATY.

4. AHaJIM3 a3poAMHAMUUECKUX U BECOBBIX XapaKTepHUCTHK COMleN.

S. OueHka BIMAHUSA Ha 3(MPEKTHBHYIO TArY TPeBOBaHMI M0 CHUXEHUIO LIyMa,
3aMEeTHOCTU, BPEAHON 3MUCCUH. )

6. DddekTuBHas Tara npu OBT u peepce.

OcHOBHOI4 crocob — npoBeneHHUe 3KCIEPUMEHTAILHBIX UCCAEI0BaHUIA.

Biusinue yrioB aTaku

1. ViaMeHeHMe BHELIHEro U IOHHOTO CONPOTUBJIEHUS, 3¢ DEKTUBHON TSTU U30-
JIMPOBAHHBIX COMe U comneJjl B KOMITOHOBKAaX NMPU U3MEHEHUH YIjla aTaku.

2. O6TeKaHHUe OCECUMMETPUUHBIX H TJIOCKHX COMeN Ha yriax aTaku, TpaHchop-
MaLUs OTPbIBHBIX 30H Ha MOBEPXHOCTH COIEJ.

3. BuMsiHMe peaKTUBHBIX CTPY# TTPU U3MEHEHUU Yrja aTaky Ha obTekaHHe Nna-
Hepa camoseTa (3 heKT cynepuMpKyasuum).

Cpenu OTMeYEHHBIX Bbillle BOMPOCOB a3pora3oMHAMUKKU PeaKTUBHbIX cofel
HauboJjiee CHOXHBIMU SIBJSIIOTCS BOMPOCHI BHeLUHEro O00TeKaHWi, MUHHUMM3AUUS
BHELIHEr0 U JOHHOTO COMPOTHBIIEHUS, NOTEPhL IPHEKTUBHOM TATM cOresl B KOM-
noHoBkax Ha JIA npu GecopcaxHbix pexumax paGoThbl JBUraTesieit, Koraa rio-
Laib BbIXOAHOTO CEYEHUs colla B HECKOJIbKO pa3 MeHblle MJoland MUIes ToH-
[osibl (ro3ensaxka), YTO UMEET MECTO, IIaBHBIM 06pa3oM, MpU A0- U TPAHC3IBYKO-
BOH cKOpOCTH Haberalollero rnotoka. 9T BONPOCH! pelialoTcs, B OCHOBHOM, NyTeM
IKCIMepUMeHTAIbHBIX HCCIeOBAHUI PeaKTUBHBIX collell.
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ADVANCED POLYMER COMPOSITES:
APPLICATION FOR AVIATION AND AEROSPACE STRUCTURES

BY

T.G. SORINA
VIAM, MOSCOW 107005
RUSSIA

ABSTRACT

Considered in the article are issues related to
improvement of properties, fabrication and use of
Polymer Matrix Composites based on graphite, organic
and glass fibers for aerospace industries of Russia and
other countries of the CIS. The best effect is shown to be
attained when a partial involvement of these materials
(for making certain structures) is transformed into
“global" design of large structures out of the PMCs.

SYMBOLS
E Young's modulus in tension
Oy ultimate stress in tension
oy  ultimate stress in compression
p mass density
T,  glass-transition point
G shear modulus
€ elongation to rupture
ABBREVIATIONS
CFRP Carbon Fiber Reinforced Plastic
GFRP Glass Fiber Reinforced Plastic
PMC  Polymer Matrix Composite
TsAGI Central Aero-Hydrodynamic Institute, Russia
TsIAM Central Institute of Aviation Motors, Russia
LI Flight Research Institute, Russia
NIISU Research Institute for Automatic Control
Systems, Russia
NIAT Rescarch Institute for Aircraft Manufacturing
Processes, Russia
UVZ  Ukhtomsky Helicopter Plant, Moscow region,

Russia

Introduction

The Russian Institute for Aviation Materials (the
VIAM) is the largest center in the materials science
field, unique in respect of the complexy of scientific
arcas covered. The Institute undertakes rescarch and

development for materials of all classes, types and kinds
necessary for aviation and space technologies. VIAM is
a basis for a certification center accredited by the
Gosstandard.

VIAM, in cooperation with other major R&D institutes
of the industry (TsAGI, TsIAM, LII, NIISU, NIAT),

establishes trends in aviation materials development
for the far and near time periods,

takes part in implementation of multidisciplinary
scientific research programmes budgeted by the
Russian Federation Government,

conducts basic research intended to form a basis for
the future, including advanced materials and new
manufacturing  processes; at that stage the
programmes are undertaken in collaboration with
Academy of Sciences institutes, higher education
system laboratories, and science centers of other
industries.

These studies outline new manufacturing processes and
materials (their chemical and "geometric" composition),
together with main characteristics evaluation.

When the necessity to prepare a novel aviation
technology item appears, we develop and certificate the
materials in agreement with specifications prepared by
Design Office and approved by TsAGI and/or TsIAM;
the work package is usually based on the previous
advanced studies and financed by the customer.

VIAM holds a major place in the development and
certification of structural Polymer Matrix Composites
(PMCs) based on high-strength fibers.

New PMCs (as well as metals) are developed in
agreement with requirements of the Aviation Materials
Development System (Fig. 1), including

certification of new materials (prepregs) and
manufacturing processes for preparing them,

development of technical standards for test
methods/procedures and amounts of structures made
out of PMC’S,

for
and

development  of  technical standards
manufacturing  the semi-finished items
transforming them into final structures,

developer's supervision.



When combining various fillers in a single structure, the
use temperature is prescribed proceeding from the
lowest value of Tg.

The precure aggregative state of binding agents is a
determinant for semi-finished item fabrication
processes. For example, prepregs with the PAIS-104
binder are fabricated by electron/ion-driven deposition
of a preparation powder onto graphite fillers followed by
the melting of the system in a furnace. Semi-finished
items based on binders UNDF-4a, OMI, and VS-2526
are produced by melting. Binders EDT-69, ENFB, and
UP-2227 are deposited onto fillers by solution
impregnation; and VS$-2561 is infiltrated under
pressure. The PSN thermoplastic binder delivered in the
form of films is added to fabrics and tapes by the
lamination technique.

Prepreg certification procedures have been developed
employing various state-of-the-art physical, chemical,
and mechanical options for validating the materials:

- differential scanning calorimetry,
— X-ray inspection,
- liquid chromatography, etc.

The following parameters are checked:

— weight fractions of resin and fibers,

— adhesion capability,

— excess resin percentage,

- gel formation time,

— fractions of soluble resin and volatile species,

- glass-transition temperature range,

- tensile/compression strength and Young's moduli,

~ shear/bending strength of unidirectional composites
prior to and after moisture absorption.

Because both a material and a structure are created
simultaneously, experts in the materials science and
manufacturing processes are being actively involved in
works at stages of concept definition, design, and
commitment in mass production of structures.

It is generally known that the to-day's wide range of
composite materials originated from Glass Fiber
Reinforced Plastics (GFRP). Initially, these were for
military technologies. The GFRP feature is a very
appropriate combination of structural strengths and
widely controllable dielectric properties, including
permittivity and loss angle being stable throughout life
cycle. GFRPs remain irreplaceable for radio engineering
applications [3].

As for properties and variety of textile forms, the
Russian-produced fillers based on glass fibers are on par
with international analogues. GFRPs were improved by
developing new matrices (Fig. 2) and are effectively
utilized in civil aviation. For example, much work was
accomplished to create prop-fans, engines that open
prospects for improving the weight/cost characteristics
of currently used airplanes; propeller blades are
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extremely sophisticated designs based on glass fiber
reinforced plastics and other composites. The work has
been successful in what concerns fatigue strength
(250 MPa on the basis of 10 million cycles), noise
suppression, engine weight reduction (some 600 kilos),
fuel saving, and service life length. An engine with such
blades is operated on IL-114 airplane; the fuselage
structure and high-lift devices of this airplane are made
mainly from PMCs. The wide use of GFRPs is chiefly
due to their price which is much less than the prices of
CFRPs and organoplastics.

However, glass fiber reinforced plastics play only
secondary roles in airframes. These materials are not
competitors to metals because of a relatively low
modulus of elasticity. Given the high strengths (the
ultimate stress ©,=2000 MPa), GFRPs are only 1 -
4 percent in airframes, mainly within low-stress
structural parts. In contrast, helicopter primary
structures have up to 35% weight fraction of these
materials, utilized in highly stressed elements such as
main-rotor spars (Table 3).

The advent of second-generation composite materials
(such as organoplastics and CFRPs that are superior to
Al and Ti alloys with respect to a set of main properties)
has established premises for considerable utilization of
composites in airframes.

~ Graphite/epoxy systems are of special importance in

aviation materials science. They possess unique
combinations of characteristics and surpass traditional
structural materials in respect of specific stiffness,
fatigue strength, chemical stability, corrosion/radiation/
fungus resistance, high heat-conductivity, low
temperature  expansion coefficient; these materials
maintain dimensions at high and low temperature; their
electric properties may be adjusted to an application
type.

CFRPs have a feature that enables designers to consider
the materials as a promising substitute for metallic
alloys in aircraft construction: high allowable tensile
and compression stresses not compromised with a high
modulus of elasticity; this is extremely important in
maneuverable airplanes [4].

Used as fillers for structural composites are high-
strength and high-modulus graphite fibers. The fillers
are produced in the form of

— thin tapes (with weak graphite weft filaments),
brands LU, ELUR, LZhU and

— untwisted roving, brands UKN, Kulon, Granit,
differing in filament percentage (2.5k, 3k, 5k, 6k).

The high-strength and high-modulus graphite filaments
for use in load-carrying structures are mandatorily
subject to surface treatment, rovings are covered with
sizing.

The LUP and ELUR-P CFRP tapes (with P in the brand
name symbolizing the surface treatment) have notable



ensures multiple protection of graphite-based structures
against direct lightning strike, at the 0.99 probability.
The 0.22 mm thick conducting layer is applied to the
CFRP stack preform surface and bond to the stack
during the cure stage. This layer is attached reliably by
treating its surface in a special way. The layer takes
loads together with the skin, improves erosion
resistance, and raises mechanical characteristics of the
skin.

For Zone B several versions of lightning protection
systems based on special textile forms from graphite
filaments with improved conductivity have been
prepared. These fillers have physical (and mechanical)
characteristics close to those of the graphite fillers of the
protected skin, therefore such components take the loads
on par, thus the weight increment is extremely
insignificant, 100 g/sq.m. A feature of the system is the
coating being manufactured and attached to the CFRP
skin the through the manufacturing process. Tests
showed these protection systems to be appropriate as
expendable protection-options for Zone A.

Experimental data suggest that Zone B may be made out
of CFRP without protection.

In order to estimate the potential for utilizing the CFRPs
in space technologies, mechanical characteristics of
these materials were carefully studied after

- radiation-induced aging,

— exposure to combination of temperature gradients,
deep vacuum (10°-10°atm) and ultraviolet
radiation of appropriate intensity, and

— ahold time in space.

Figure 5 demonstrates changes in tensile and in-plane
shear strengths of a KMU-4¢ CFRP sheet with a
stacking sequence typical of the BURAN skin; the test
conditions corresponded to

— astay in an intended orbit,
~ 80 takeoffs and landings, and
- ground storage/maintenance

over a period of 10 years. Figure 6 shows changes in
compression strength for the 150450 K temperature
range. One can see that the ultimate shear stress slightly
decreases during the initial 20 cycles then stabilizes,
while both the tensile and compressive strengths remain
constant, these data evidence serviceability of the
material under such conditions.

The efforts for implementing carbon fiber reinforced
plastics in domestic aviation technologies were begun in
1976. During the past period we at VIAM have
developed more than 20 brands and modifications of
structural CFRPs that differ in their mechanical
characteristics, workability, operating temperatures, etc.

At stage 1 we adopted and implemented the concept of
development of separate composite structures for
airplanes AN-24, AN-22, YaK-40, IL-86, and SU-26;
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performance of the materials in service was thoroughly
monitored. Data acquired confirm in-service reliability
and weight efficiency of the CFRP structure and have
been a basis for introducing composite structures in
airframes of newly developed technologies:

— airplanes MIG-29, AN-72, AN-124, TU-160, SU-27,
and YaK-42,

~ helicopters MI-28 and KA-32,

- gas turbine engines D-36 and D-18, and

— BURAN reusable acrospace vehicle.

For the first time a large series of CFRP structural
components were introduced by the Mikoyan Moscow
factory — in MIG-29 airframe; 12 items with a total
weight of 90 kg provided an overall weight saving of
105 kg.

A modification, MIG-29M, already included 16 parts
with a 137 kg total weight that provided a 140 kg
overall weight reduction.

In the structure of a new state-of-the-art fighter airplane
prepared by Mikoyan factory, the amount of structural
CFRPs was 25% of the airframe weight, saving 350 kg
of the total weight (Fig. 7).

Simultaneously, the use of CFRPs in structures
developed at the Mikoyan Design Bureau made it
possible to reduce the total number of load-carrying
parts by a factor of 2, to eliminate hole drilling and
riveting  operations (thus reducing the Ilabor
requirements by 12-25%) and to shorten the
manufacture cycle (for the parts with CFRPs) by 20—
25%. Technical and cost efficiency of CFRPs (KMU-3)
may be illustrated by data for the AN-124 passenger
airplane. Here, the total amount of composites is 2.2t
(in 200 parts), the weight saving reaches 0.8t, the
materials utilization factor has been increased to 85%,
the Al alloy weight saving is 6.0 t.

The industry manufacture of parts and large units out of
CFRP made a significant step forward. For the first time
these materials have been widely used in structures of
passenger airplanes developed by Ilyushin Design
Bureau (IL-96-300 and IL-114) and Tupolev Design
Bureau (TU-204 and TU-334).

When designing the structures, the industry have to find
out a compromise between

— the desire to attain a maximum possible weight-
efficiency due to introduction of CFRPs with
extremely high mechanical characteristics and

~ the structure manufacturing costs.

Therefore, although there exist CFRPs with very high
strength (2500 MPa) and elastic modulus (300 GPa), the
industry mainly utilizes materials with a ply strength of
1000-2000 MPa. Figure 8 demonstrates dependence of
amounts of structural CFRPs on levels of strength,
elastic modulus and use temperatures. Over 50% of the
presently used structure are fabricated out of CFRPs
with the ply strength of 1500 MPa, and only 15%



panels, wing trailing edge structures, partitions, fairings,
etc. in AN-28 transport. In the AN-124 ("Ruslan") the
mass of parts with organoplastics has reached 2800 kg;
the total area of organoplastic parts is about 1000 sq.m;
in particular, the fairing for the landing gear has the
area of 155 sq.m and reduces mass by a factor of two as

fomparcd with the metallic prototype.

JO

rganoplastics have been used in structural components
of passenger airplanes (IL-86, IL-96-300, IL-114,
TU-204, TU-334, YaK-42). The most comprehensive
utilization is seen in Tupolev airplanes: skins of lowand
medium-stress sandwich panels (engine cowl doors,
fairings of pylons, fin, fairings between a wing and a
landing gear sponson allowing — a weight reduction of
12-26%). Skins for more severely loaded large-size
structures are manufactured out of hybrid composites in
which the layers with aramid and graphite fibers (in a
proportion from 1:3 to 1:1) are intermittent. Of the 4.4 t
of PMCs in TU-204 organoplastics are about 3 t; the
mass saving is 1.2 t.

Organoplastics are used in helicopter structures: KA-26,
KA-32, MI-26, MI-28, MI-38, etc. For the first time, in
our joint work with the Ukhtomsky helicopter plant
(UVZ), the concept of development of separate PMC
elements (in a mainly metallic structure) has been
replaced by the concept of manufacturing units with
polymer sandwich panels; and further, the
manufacturing of modular composite structures. At the
first stage the helicopter included more than 400 parts
from organoplastics, with 160 of these replacing
metallic ones. Almost all external panels (105 pieces) of
the helicopter have skins made of organoplastics and
OSP with a T-39 combined fabric. These materials are
in load-bearing panels of highly stressed units including
the cabin, tail unit, wings, trailing edge flaps, and fuel
tanks. In main rotors the organoplastic sheets have been
successfully used as skins of dynamically loaded tip
sections (service life increasing 10-12 times; a better
center-of-gravity position due to a weight saving in
comparison with a GFRP prototype).

The total material utilization factor has been increased
to 0.8-0.9, and the mass of units of the airframe has
been decreased by 14%. In addition, damage tolerance
was improved, and the service life was raised by a factor
of two to three. The wide use of PMCs, and
organoplastics in particular, reduced labor requirements
and energy consumption by a factor of 1.5 to 3.

Due to the wide implementation of structures made out
organoplastics and related hybrid composite material, at
the UVZ the concept of partial use of PMCs in separate
items has for the first time been replaced with the
concept of wide utilization (30-35%) of the materials;
furthecrmore, new helicopter struictures using up to 50 to
60% of PMC’s is now prevailing.

Load-carrying skins loaded in tension and submitted to
vibrations, acoustic and impact loads are recommended
to be fabricated out of multilayer metal/organoplastics.
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Properties of ALORs are reported in Table 9. These
skins made it possible to reduce the structural mass by
20 -25%, improve reliability and service life by a factor
of 5 to 10, increase vibration resistance by 30—40%, and
improve heat/acoustic isolation by a factor of 1.5-2. The
most considerable effect of combining organoplastics
with Al alloys is seen when the ALOR is fatigue loaded;
the crack growth rate drops down.

Depending on composition of the ALORs, the tensile
strength limit is 500-1000 MPa, and the Young's
modulus is 70-110 GPa (while decreasing the mass
density from 2.4 to 2.2 g/cu.cm). The fatigue crack
growth rate gets as low as 0.1-0.4 mm/kcycle.

Owing to the unique set of unique characteristics, this
class of materials is much promising for various
engineering industries.

With the experience in advanced manufacturing
processes  gained, the costly  special-purpose
equipment/facilities available, and highly qualified
personnel at hand, it has been possible to organize
rather simply the mass production of wide ranges of
machine tool/car parts, excellent sporting appliances,
gliders, yachts, and medical technologies, in quite a
number of Russian Companies.
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Mechanical properties of PK-11 prepregs

Table 4
UNIDIRECTIONAL PREPREGS
TYPE OF PREPREG PK11LRS.0 PK11LT6.0 PK11LA6.0
TYPE OF CARBON FIBER UKN-P-5K TORAYKA T300-6K | MAGNAMITE AS-4-6K
TYPE OF MATRIX RESIN ETD-69N EDT-69N EDT-69N
PROPERTIES UNIT| METHOD
0 - TENSILE STRENGTH MPA | AST M D3039 1600 1760 2000
0 - TENSILE MODULUS GPA | AST M D3039 135 138 138
0 - COMPRESSIVE STRENGTH MPA | AST M D3410 1250 1380 1290
0 - COMPRESSIVE MODULUS GPA | AST M D3410 115 119 119
INTERLAMINAR SHEAR STRENGTH | MPA | AST M D2344 82 90 84
: : . Table 5
Erosion resistance
Material Coating thickness, mum Relative depth of erosion
(=1 for KMU-4)
KMU-4 — 1
KMU-4 + VPT-1 100 0.1
KMU-4 + EPK 100 0.05
Corundum mass flowrate = 9.6 kg/sq.m-s;
impingement angle = 90°, Table 6
impact speed = 65 m/s
KMU-7 carbon fiber reinforced plastic: impact resistance
Impact energy, Residual compression strength, MPa
J/sq.mm VS-2526M epoxy matrix Binary matrix
2 i70 330
4 130 260
6 110 210
Table 7
Properties of elementary fibers: comparison
Fibers Y, g/cu.cm o, GPa E, GPa Elongation at
rupture €, %
Polyheteroarylene (SVM) 1.44 3.8-4.2 120-130 2-4
Poly-n-phenylene-therephthalamid (Therlon) 1.45 3.6-3.8 85-120 1-2.5
Aramide co-polymer (Armos) 1.44 4.5-5.0 145-170 4.0
Poly-n-phenylene-therephthalamid (made in the USA):
Kevlar-49 1.44 3.7-4.0 130-140 1.9-2.3
Kevlar-149 1.47 3.8-42 150-180 2-4
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Ultimate stress 6,, MPa Elastic modulus, GPa Temperature (°C) at 70%
rated characteristics
2000 230 250
1600
1500
1300 150
140
80
100 60
. —
LR,P LT LU-P,LZhU, T Granit, Other KMU-8, KMU-4, KMU-4,
ELUR LU-24P KMU-12 KMU-7, KMU-15
KMU-13
LR the rolled prepreg tapes (ply thickness of 0.12-0.15
mm) from UKN-P graphite roving
P the semi-finished items made by pultrusion process
LT

ELUR-P,LU-P,LZhU

T

the cord tape with a graphite roving warp and
aramide or glass fibers in weft (ply thickness of 0.18-
0.22 mm)

the cord tape with high-strength graphite warp and
weak graphite filaments in weft (ply thickness of 0.18-
0.2 mm)

the fabric out of graphite roving with plain or serge
weave (0.18-0.45 mm ply thickness)

Figure 3.Characteristics of C FRPs used in aerospace technologies (V=60%)
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Figure 5.Changes in shear strength of BURAN acrospace vehicle
skin (out of KMU-4e CFRP) during ground tests under simulated
combined action of space factors.
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Figure 6. Temperature dependence of ultimate stresses of CFRPs KMU-4 ( 1)

and KMU-8 ( 2): prior to (° ®) and after (2 4) exposure to space
conditions
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