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Human tolerance to high sustained +Gz during simulated aerial
combat manoeuvre

W Cdr Harish Malik. We Cdr G Gomez, We Cidr R Kapur, Wy Cdr PL) Navathe

 Harciifred Specalviy tAv Med)
last FAF Bangalare-360017

Simulated Acrial Combat Manocuvre (SACM) tolerance was determined in 126 healthy male
airerew who reported for ligh *G° centrifuge training at Institute of Aerospace Modicine
(IAN) TAF, Mean SACM tolerance of the whole group was 174, 13 seconds with a standard
deviation of 66. 80 scconds, SACM tolerance was not significantly related to uge, weight, height
and Mying expericnce of the airerew. A significant and direct correlation was foumld hetween
SACM tolerance and Gelevel toleranee both relased and straining Graduoal Onser Rate (GO
tolerance and relaxed and straining Rapid Onser Rate (OB} talerance,

Keywords:+Gz induced loss of consclousness (G-10C), Gray out, Black oui,High
sustained +Ce, Aerial combat manoeuvres (ACM), Anti -G straining manoeuvre {ALSVHL

or the first time in the long history of

combal aircrall, i has become evident

thal man is the lnniting factor
achieving better airerall perlonmance and
better airerafl manocuverablity, Modern
generation cornbat aireraft with thew hugh
airframe agility and high thrust to weight
ratios expose aircrew to  high levels of
sustained ~Gz. The operational reguirements
ofthe present and future dictate that not only
has the pilot 1o withstand this high G stress
but he also has 10 perform effectively at that
level for achieving mission success. Thus
ground based training and research on
human centrifuge in the field of acceleration
physiclogy has assumed great importance,

The word “tolerance™ is used In
acceleration research on the centrifuge
identify the G level and duration at which
specific physiologic systems are significantly
altered. There appear to be many endpoints
which limit the pilot's ability to withstand
acceleration stress and they are different tor

fnd S Aerospace Med, 30 12) /9%

each aceeleration stress [ 1], Thereoare
widespread differences in the technigue ul
threshiold determination buthistorically el
centrifuge groups refer to Peripheral Lighi
Loss (PLL) or Central Light Loss ¢CLL b as
a threshold level that can be determined
experimentally [2].

In the human centrifuge at Tnstitute of
Aerospace Madicine Bangalore, relaxed +Ge
tolerance norms for large number of Tndiansg
using visual endpoints and three seamen
profile have been evelved during the past 25
vears [3]. Althoush relaxed +Ge lolerance
gives repeatable results, they are nol
necessarily relevant to a subject’s
performance during exposure to higher G
tevels or the aerial combat maneuvres. +Gr
tolerance inthe Aernal Combat Manocuyres
{ACM) arena is, to a large measore,
determined by fatigue of the pilol, who s
eventually unable to continue with the G
manoeuvres because the encrpy used o
maintain an adequate Anti-G Straining

|



Manoeuvre (AGSM) Noally exhausts the
piliot [4]

The ACM is anenvironment of niultiple
G = levels{ 2 to % G) which contimues foran
indefnite pertod of time (few seconds to tew
mvinies) Toleranee to ACM with fatigue as
an eodpoint s determined on a centrifuge
Ustng e varable G (multi-scgment) profile
called Somubmed Acral Combat Manoeuvre
(SACUMY [5]). The multi-segment profile
coabiles us o simulate ACM o as near a
realistic simutlation as ol the actual combat
manecuvres of the airerafl. No study had
been carried out carlicr 1o determine
telerinee of owr population 1o such &
profiles, The present ahiely wias undertaken
1w establish the teleranee norms for SACM
whieh will help in carrying ot applied
research and tramung o the Geld of high
sustained +Gz,

Material and methods

126 healthy maleairerew who had reporied
forhigh "G eentrifuge training ar |AM were
selected for this study. The subjects were
highly motivated. They were explained the
experimental protocol in detail and had
voluntarily consenmed 1o 1ake part in this
study.

The subjects were given Gradual Onset
Rate (GOR) and Rapid Onset Rate (ROR)
runs tr determine their relaxed snd straining
lolerances. using PLL as the end point. an
the frst 2-3 davs of the course as per the
established training schedule [6] Rates of
anset employed for GOR and ROR runs
were ] Gisec and 1.0 (ifsee respectively
The relaxed and straining GOR tolerances
were determined again with the AGSM
taught and perfected during the centrifuge
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L he atrerew were then subjected to the
standard SACM profile at 13 degree 1t
employed at TAM for high-G centrifuge
traunmnge on dth - Sthday ofthe course | 7). A
WAL - up run was given witl an vaset e
of | Cfsec to a peak of 4 € Tor 15 sec amd
offset rate of 0.5 Cifsee, Thus tun enabled
the subject to test the anti-G sun and pracrice
the AGESNL The SACM consisted ot i Rapid
Cipset Bun (ROR) with onset eate of 1 (5
sec up to 4 i for 13 seconds then agmn a
build up at the rate of | Gfsec up to § G L
10 seconds followed by a deceleration at
the rate of | Ci/sec up to 4 G, s prolile
continued till the subject felt fatigued and
aave a call to terminate the tan o ther
ocourred a Peripheral Light Loss (P11 52.
36 Degrees) or G-LOC, when the cenniluge
wis then stopped. 1he subjects performil
ALSM while accelerating from 4 Gt § G
and continued throughout, Hl they were
returmed to 4 G The anti-Cr sedd swas kepl
inflated throughout the SACM. SATM
tolerance was taken as the total duration in
seconds from the start of the run Gl s
tzrmination. | he aircrew were given only ane
5ACM profile maday toavaid theeilect of
carrv-over of fatigue.

Results

Ih2 age of the subjects (aircrew) ranged
from 22 to 37 years, with a mean age of
26.81 vears. Height ranged from 164 10 |90
em. Theminmmum weighl recorded was 31
kg while the maximum weight was 89 ke
Flying experience mnged from 240 haurs 1o
FUB0 howrs (Table 1), 36 subjects had cureem
expenience on Mirage 2000 and Mit 29
Mghters. The rest of the 90 subjecty were
current on MiG 27, Jaguar, Aject and
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varniants of MiG 21 airerafl, which lack the
rapid onset, high sustamed SO capabiling

Table [ : Vieal Pavameters and Fiying

Experience {n =12h)

Ape Feipht Werpht Fivang
Ixp
{vrs) {cm) ika (Hrs)
Mean 26K 17434 ha 54 BT 50
S KRl S84 .44 S5 a9
M 22 164 5l 240
Pl a7 |tM bl 3R

SACM tolerance was divided into two
SrOUps; One group was mrerew who went
into one or more G-LOC episodes duling
the centrifuge training and the second group
in which the aircrew had no G-LOC episode
during the training. These wolerances (mean
+ 810 were [ound 10 be 149 44 + 33 9 see
{n=46and 1851 = 698 sec. (n = 8&0)
respectively in the two groups. The
differenee of the tolerance i the two groups
was statistically sigmificant (2 test p=<0.01)

The SACM tolerance range of the whole
group (n = 126) was from 57 see. to 43
sec. with'a mean tlerance of 174,173 see
and standard deviation of 66 &0 sce. Seven
atrerew had SAUM tolerances o mone tian
300 sec. Endpoint of SACM w6 arciew
wag G- LOC which occurred alter mean
SAUM duration of | 138 see. la 11 cases,
SAUM had to be terminated Jdue o neck
muscle tntigue’ abdominal discormlort [rom
inflated anti - Gosuit/ severe pain in legs or
feet. Endpoint in rest of the cases ¢ 109 cises )
was generabized fatigue with inability w
carry on with the AGSM and conscguen! |y
the SACM run.

Relaxed and straining ROR Gund
GOR tolerance were also delermined i the
subjects Mean relaxed and straining ROR
tolerances were 426 G aud B.6 G
respectively {Table 1), Strmuning G loleraney
was determined wearing anti-Gosuit which
was inflated as per the standard schedule ba
the Russian anmi=G ovalve Nted i the
gondola. Mean relaxed and stramimg GOR
tolerances were 4.78 G and 7 74 G
respectively { Tahle [1)

Tubide 11 ¢ Acceleration Tolorances

R{IR Tolerance

CHOR Tolemnee

BACK

Tolerance Frelaned
(Recnnds] 1
] 126 121
Max 435 il
Min 57 30
Mean 17413 426
S0 hh K L

Slrginiog Rrelaved Striining

willy i i) 16h]

-G Sieit (11

125 |25 | 2y
gn nT “

7.0 id J0
8 178 T

iR R 11 8y
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————— Table ¥ & Uvpe af Adreeaft va. SACM
Ape 1] SAUM (Sec

lalerance
Mean «i- 80
- 24 2 [76:.754 %) %1 Viecrafl B OSACK Toleruwe
24 - 2% 73 [ e &9 0 e Mean + S0
28-32 N [ 73675 7100
¥ : MG 29Mimge 2000 36 LRILAND L Hi T
32 - 38 13 | AW 4 42 %9

Chther Airgrafl Ligh 163 AWT = ru_'n_?'ﬂ

Table VI : Regression outputs of SACM tulerunce vs, Age,
Weight & Ileight

- SACM
I’nruruulﬂ-- Age Weeizhit Heighe
Cloinstant | 23,6257 58 83308 17R:3&9H)
S1d Frrof Y Est 6T B B0 67 35082
R-Hquared (L 0RA32 EOI578 LIARIE BIALERY
Mo ot (hservations 126 126 126
Ercgrees of Freedom 24 24 134
X Cociticient [5) | BEa0HH] I IIn78 A102957%
r=Valuc 0. 025N 0.12551) .02 ] 30
* Mot Significant
Relationship of SACM tolerance with having maximum Mying experience (2300
ape, fying experience and type of aircraft hours) had much higher SACM tolerance
were tabulated (Tables T to V). Aircrew in than those with lesser flying experience
the higher age group (32-38 vears) showed (Table 1V). Airerew Nying MiG-29/Mirage
higher SACM tolerance ( Table IT1). Aircrew 2000 aurcraft had higher SACM tolerance
10 fned. A Aereapice Medd. <002} 940

Protection afforded by the AGSM was Table IV : Flying Experience Vs SACM
caleulated by subtracting relaxed 1olerances Tolerance
from the stramning tolerances separately for ﬁ = SACM S
GOR and ROR. AGSM prolection during T Mean + 81
ROR thus includes the protection by ant — -
Cosut (1.2-1.4G) also and was found 1o be =30 i e
4.30 £ 0.78 (Mean + S0 Protection 580 - 1000 & L6+ 7036
afforded by AGSM alone during GOR was 1000 - 1500 9 176,00 = 4127
2.95 +0.75 G only (Table 1), e SR i S
M - 2S00 9 LI300 Lol 52

B —

Paramire

Constant,
Std Lrr o8
R Square
Mo of Ch
Diegrees o
X Cuctfice
- Value

lh"em_ those ﬂ‘
performance viz,
V). Regression

1l

tolerance s'i*'g_'

significant), C
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Takle VI : Regression outpuls of SACM tolerance v,
Relased tolerances (GOR & ROR)

Paramenérs

GOR Helaved

Tole

SACM ws

ROHE Felasesl

AN T olerunee

Lounsiand
Sl Ferol Y st
I Squured
M ol Cibbervistins
Deproes of Frocdom
X Cuelhewn) (<)
St By ol CoelTicent

r- vilug

223507 3534945
TR e 30 fs s |
(19458 Lhi5E| 39
126 | 26
124 124
11 753310 128599
An1ER 1923831
(12553 5

HA14154

"p< O (Significant) p -

05 (Signilicunt)

Table VI : Regression outputs of SACM tolerance

ve Straining tolerances & AGSM protectivn

SALM Vs

Paramelers COR Straining ROR Struining AGEM

Tolerance Tolerange Froteeton

HOOIR

Constant SRS - 48 THASN I61 5988
Std Err of ¥ Fal fel 3018 6322130 6726721
R Squared (TRES 0061501 (L2124
Mo of Observations 24 126 126
PDeprees of Freedinn 124 124 124
X Cosfticienmt 66732 9.049430 8040714
- Value LLIRTT = 02487091 IRIETN e B

than those flying aircraft of lower
performance vie. MiG-2 1, MiG 23 etc { Table
V), Regression output between SACM
lolerance and age, weight, and height (Tahle
V) were separately caleulated 1o determine
the effect of these varmables on SACM
tolerance significantly (r values not
sipnificant). Correlation of relaxed aml

Ind, L Aerospace Med G0 (2 14596

f e

" ope DOS (Significany 8 0 Mo Stanificant

straining GOR and ROR tolerances with
SACM wersg alsodetermined ( Tables Vil and
VI . [t was found that there 15 a significant
and direct correlation between the SACM
tolerance and relaxed and straining GUR and
ROR tolerance (r values less than 0.03).
Howgver. r values were not significant in
the regression output of AGSM protection




(OOR Vs SACM tolermmee ( Table VI

Discussion

The "G tolernee inoa high sustaimed Gz
enviromment s dependent on two dimensons
viZ. ntensity (0 level) and time (exposure
duration) | 8.9

[olerance of G levels alwive +3 Go even
with the aid of an milmed snn-0 s,
requires well co-ordimated musele tensing
and stratnimge while performing the L1 or M|
anti-G straining manocusres (AGSM)[8.9)
Fherr effective perfonmanee and concomitant
desvelopment of fatigue are considered as the
prineipal limatimg faciors ol Geduration
wlerance, ]_}UFIJ'IJ:! actual or ssmulated aerjal
combat manoeuverng, payveholopical siress
v imminent as the pilot has uot only 1o
survive the high G, but alse 1w perlform
aptimally in this environment [3.6.10]

The finding, i the present study. of

stanistically loawer SACM tolerance w the
group who went into G LOC during the
centiiluge traming vis-a-vis those who
toleranad the similar G-profiles without going
e G-LOC 15 astpnificant one. [t indicates
that mirereéw laving lower SACM tolerance
are more likely o po inte G-LOC. It may
Form the basis of sclection criteria for
inducting atrerew into the fighters with high
sustamed +(iz capshility like Mirage- 2000
and Mi€; 29 aiserall

Range of the SACM 1olerance in our
fighter aircrew was between 57435 secwith
mean of 174,13 sec. and 81 of /6.8 sec.
Sevenaircrew were able o sustzin more than
300 sec. of SACM and could have much
higher G-tolerance but the centrifuge was
brought to halt by the medical controller at
the pre-determined rate. This it was (ixed

Heeweerny fedeeaeroe fooaeeiad combar manoewvee Saesle Malik g0 of

as atrcrew do not sastain more han 3

minutes (300 sec ) of high sustained G daring

2-3 situations in the aerial conrhat

mangeuvres | 7|

The mean SACM tolerance (174,13
sec ) determined i our subjects was high
than or equal o that found i1 some ol the
carhier ‘:HHJiR.“:‘[ [ 12) and lower than m other
ALk although the SACM
protiles lmd in vartous studies were slightly
different, However, SAUM toleranee i the
carlier studies was determimed onlv i linted
mumber of subjects ranging from 5 1o ||,

studics [ 13

swhervas nuimber of subjects inour study was
I 26 making it more comprehensive and
reliable. Morgover, SAUM tolerance i ous
subyects were determned in highly motivated
alrerew in the younger age group (26,81 -
1.29 veurs) who were given adegquate ALSM
training and high O raining profiles as
reported earlier [7] during the preceeding
34 davs The SACM rtolerance was
determined in them on the th - 5th day ot
their centrifuge (raining and the SAC M was
the only centriluge run given on the dav o
prevent any effeet ol fatigne on the SACM
tolerance.

A regresston outpul between age ani
SACM wlerance showed the valne 1o beaa
stgntficant indicating that age is nol
significantly refated to SACM tolerance,
This was-in contrast to an carlicr study in
[AF [3] which showed that relaxed +Cy
tolerance showed increasing tremd with the
age. The differences between twor studics iy
that the present study related age 1o the
SACM tolerance which 1s more relevam
from operational flving point of view than
relaxed -Gz tolerance and secondly the rmpe
of age of the aircrew 11 our study varicd
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between 22 and 37 vears only whereas the
age groups considered i the earlier study
were 20-35 vears, 35-40 vears and 41-55
years. However, wealso grouped age in four
proups viz, 20-24, 24-28, 2832 and 32-38
years and tabubated he SACM 1olerance
nnder these prowps (Tabie T Twas seen
Hyat e ircress inthe ighest age sroup (37-
IR vears) showed muoch higher SACM
toleranee thin i the younger ape proups as
wasalsen seen o the carlicor sty [ 5] Talso
condirms the Doding ol another sty |11
af higher ape of 37 £3 veurs s loeh
lolerance proup and age of 32 8 vears na
low talerance groug, altheuge b the ddferemee
was ol algnidican

SACM was not tound to be significantly
cortelated by regression output 1w weight,
height and flying experience (L ables IV and
IV L1 in contrast to the earhier study |11
nwhich using the USAEFSAM aeromedical
evaluation protocel, a seres ol chimeal
parameters were found 10 be pssociated with
-Gz tolerance, The high Gz prototvpe
individual was found 1o have less heighr
(684 £ 1.6 inches), more weight (172 24
Ibspiind maore Nying experience (3196 hours)
as compared (o loss (olerance mroup (] lefah:
s713 =23 inches, Weight - 157 =19 lbs:
mean flying expericnce of 1798 hours)
Hewever inthat study alsa, only relationship
of Gz tlerance with height was seen to be
sipnificant,

Flying experience was also gronped in
subsets of 500 hours ( Table IV). Though the
number (n=37 of aircrew having yving
expertence more than 2300 hoors wis less,
It was seen that they had muoeh more SACM
nlerance as comparcd 1o s laving less
experience. This is i conformity with the
finding of an carlicr study [11] This may

fnd S Aevospoce Med, S012) 1940
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be due 1o their lngher [Tymge expericnee
resulting in giving more attention as well as
better perlimmance of ACSNM. They may
also ave learmt o Dilbeate the amouit obetbont
requiired as per the #0 load wath the
mcrease e Tyviog expericnee. Sumlanly,
airerew Tying aireralt with hieh sustnned
{1 l.:.'l[l;ll.':ll“l_‘. v WG 29 o Marage 20000
wete foomd to hiave ngher SAC M wolerance
[ Tahle V) probably due to the sl

FEHSIS

Acsgniticant and direct correlation Wiy
found between  the SACM woleronoe and
relaxed and stramning tolerances | ables Vi
to ML), Tus indicates that an indivicual
with a lugher C-les el toelerance will also hay.
higher G-duration tolerance: Sinular results
[relased wlerance vs SACM tolerince)
were also seen by Burton and Shatfstull | | 2]
who determined the celation between fatigue
tolerance and G-level tolerance i subjects
using reclined seats to increase ther Gi-level
tolerance | 12]. They found that as relaxed
light loss tolerance incredsed and less ALSN
was required at 7 O, wolerance 1o fatigue also
increased but ata complex exponential rate.
The phvsiological basis for this complex
relationship between fatigue and the
cardiovascular requirements (G levelbot'the
ATM was not completely known. [Howewver.
a pradictive model had been proposed thal
relates fatigue w G-level tolerances. It has
heen validated with published data and
appears to be reasonably accurate [1].

Mo vorrcelaltion was seen belween
provfiegtion afforded by AGSM Lo an
ndividual and SACM tolerance { Table VI
I ol be that maost of the iedividoals may
perform AGSM exvclically for a few times
during the determination of AGSM
protection (dilference between steaining and

I3



relaxed tolerance) bot perlorming it for 3-7
minutes (tll fatipue level) under lugh Ge
loads during SACM is altogether adifferent
experience. Fhis confinms the lndings that
high G levels (46 to +10 Ge) of very short

duration may be tolerated by the use of

almost any type of straming ellort requiring
enly mnimal co-ordinated sheletal musenla
tensing [9], However 1o tolerate the levels
and duration of +Gz i a HSG exposure.
especially during SACM. the arcrew must
perform repeated co-ordinated strmning
Mancevers i combination with an anti-(y
suil. Interruption of failure of any of these
profective mechanisms viz, straiming
meanceuvers and anti- G suit, will lead to loss

ol vision and probably unconsciousness
[8,9.10]

Conclusion

Increased tlz tolerance demands will
continue to be placed on aviators Mying high
performance fighter aircrafi. Because ol the
high ~ Gz stress. it has become increasingly
important to accurately detine human ~Ge
tolerance limits. G-duration tolerance is an
mnportant determinant of G-tlerance of an
individual. Simulated Aenal Combat
Manocuver (SACM) profiles on a centmifuge
torms an important tool and near real
environment for determination of G-duration
tolerance. The present study has analvzed
the SACM tolerance (n=126) in the largest
number of subjects reported in the literaturs
5o far.

he mean SACM (olerance of the whole
group (n=128) was 17413 seconds with
standard deviation of 66.8 seconds |t was
seen that age. weight, height and flving
experience were nol significantly correlated
with SACM telerance. An important finding

14
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of the study was a significant and direct
vorrelation between the SACM tolerance and
relaxed and straining GOR and ROR
tolerances. It demonstrates that G — duration
and Ci-level lolerances are related to each
oLhisr in some wiy

Acknowledgement

['he present study s based on the Ondmes
of the AR & DB project No. 6389, T'he
authars gratefully acknowledge the Hwman
Enzmeermg Panel of Aeronautical Kesearch
& Development Board (AR & D) Loy
sponsoring the project.

References

L. Coburn KR Physiolozical Endpoimnts
Acceleration Rescurch. Acrospuce Med
1970:41-3-11.

2. Howurd P, The Physinlogy of DPositive
Acceleration In @ A Text Book of Aviation
Phvsiology. Fd: Gilles 1A, Glasgow . Pergameon
Press 19465

3 Rai K; Rao PLN. Positive G Talerance ol
Indian Subjects . Effects of Aue and Flving
Fxperience  Aviar Space Environ Med
1662:26.100 - 4.

4 Burton RR. A Conceptual Maodel for
Predicting Pilot Group G Tolerance of a Tactical
Fighter Alrcraft. Aviat Space Environ Med
19855773344

5. Burton RE, Shaffstal] BM. Human Tolerancy
lo Acrial Combat Manoeuvers. Awviar Space
Environ Med 1980.31:641-5,

6. Malik 111Gz Lnvironment in a Muodern
Combat Ajrcraft, Ind ) Acrospace Med 1990:34

A7-50.

7. Malik H, Kapur R. Centrifuge |raining fop
Adrerew. Ind ] Aerospace Med | 99].35.6-9

5. Burioen RE. Currenl Status of Acute | ligh 45
Phvsiology. The Physiologist 19934 (1) S

frel 1A ervipare Med. #0299

1 1=14

9. Burton R
Man at High
Review, Ao

10.Gillingh
Orientation §
Maneuverin
(REE SR [

11, Leverett ©
of Sustained
ol Aerospace
Philadelphia,

12. Epperson
The Influer

Ind. J. Aerospa



i direct
wlerance and
Land ROR
o duration
ated 1o each

the findings
o R I The
e e M
| Rescarch

& 133 fin

Endpoints i
papade bl

Col Posarive
ul” Aviulion
1L Pi.‘l"'._:'ﬂl'l'ﬂﬂ'i

Tolerance of
ol Flying
aviron hed

[ Muoadel fon
eofa Tachical
“nviron Med

tan Toleranee
Avial Bpace

in a Modern
% [ M RN T R T

Clraming for
3500,

henre [Tish G
QL34 (1) 5

LN L ¢

Human toferance to aerral combal marocuvee - Sarode Mabd o af

=14,

9, Burten RR, Leverett SD, Michaelson ED.
Man al High Sustwined (G acceleration - A
Review, Aerospace Med 197455 1115-1136,

I0.Gillingham KK Theh G Siress and
Crrientation Stress | Phiysiodogic Efects of Acriul
Maneuvering. Aviat Space Environ Med
088 50 ATC-A20

1 Leverent S0 e, Whinnery JE Biodynamics
of Sustained Acceleration, In - Fundamentals
ol Aerospace Medicine, Editor DeHart R L
Philadelphia, Leaand Febiper, New York (955

12. Epperson WL, Burton RR. Bernauer EM,
The Influence of ifferential Physical

. S, Aerspace Med, G0 12) 1990

Conditionig Regimens on Simulated Avrial
Combat Maneuvring Tolerance, Avial Spate
Laviron Med 19825510917

I3 Leverett S e, The Pathophysiology of High
Sustammed ~Gx Acceleration, Limatations o e
combatl Mancuveine wndd §lse of Coentrifupes m
Performance Testing. In AGARD Conterence
Proceedings No | K4 1476

4. Shattsall BEM, Burton BR. Lvaluanon of o
Linilorm Pressure Anb=-00 Surl O oneepl
Actoapace Med Assoc Preprints, p 96-97. 9410

15 Tesch PA. Fjore 1, Balkdam LIE 1 Teers of
Stretpth Training on G Tolerance. Avial Spuce
Environ Med 1985 54:6491-5

3



