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Ch >ng«« in Pulaon^ry VMtilation, Gun Hst.«bollan, 

and ßnorgy Sxpondltur« during WnigbtiONMM 

by 

1. Z. K..*'y >n, G. r. M.»K»rov, B. V. Blinov 

Miring prolongad ap>ca nissiona, nun la axpoaod to a b*o»d 

apoctrwn of dolatorloun f« etora, »nong than -naightlaaaooaa. In 

roooat yo-ra, nun«roua atudiaa attoot to tho poonlbility of 
oonsádorxbla physiological ch^ngoa during weightlaaanoaa (1, 2, 
J, 4, », 6, 7, b, b). 

Weightlasan«as can elicit nanifold changea in the various 

function«! ayate«« thereby producing definite dowlatione in netabolisn 

ind in tbona-Kl h i «ce, both f actors iffocting proficiency. 

In atudyiny the iag> ct of neigiitlessiMsa on Mn a» well us 
«d.«ptAtion and conpona..tlon thereto, gaa aotuboliaa providos un 

integral index of the body's function .1 state. Q*a eetaboliso 

reflects fully the dyn.-ni> of changes occurring within tho body. 

Specifying optlm-a onviroanents within * sp..eo cabin herein nan 

■ay bo partly dependent upon £ closed net.bolle, ecológica aya ton 

(1, 11) dad in ap.iceet.its during BV/ rsquires knowladgs of oodi^n 

and optinal daeund und C02 olininutlao. 

Oks nstabolisn studios are sssonti 1 for solving a ny theoretic 1, 

practicA1, «d peognostic cuestiona in astronáutica. 

To «Lite, liter ture provides insufficient scientifically grounded 

data to determine the net»belie requirecente under aero gravity. 

Soaw raso rchers (13, 1», 14) cite increased work energy 

expend!tors during weightlessness in performing a given teak. 

Berry (1«04) reportad tb .t tbs nsdi -n energy expendí tun of astren*ut« 

on »Oanini-V and 10T r inged fron M.7 to »4.4 kcol/hr. Berry 

eaphueisee tb .t the majority of Anaffiean ..stroo-.uta (“Geulni-4, 

», 10, 11«) feels that a task performed during BVA is four tinas 

ears difficult than eben performed on Barth in a spaeeeuit. 

Other .uthors (fi, 16, IS) theorise that metabolic ch .nges occurring 
during weightlessness ranging from several minutes to sever a hours 

fall within the physiologic non. 



A. h. Ornla et al., io 196$ (17), conducted that sp. ca flight 
affects »«»'a anarg«/ expandí tura only alltfttly. Thaaa atedia* wars 
b.<ssd on postflight analysis of rogsosr .tod subataaoss as sail ,* 
ch^agoa In aa, 0¾. ..no' f'jO concentr tion In the ap cm cabin. 
'«cording to their dat*, ilia ae.n energy axpanditura par hour ia thaaa 
flitzt* mat for A. G. iHhalayae M.$ kea/hr, for r. R. Popovich— 
•7.3 kcul/lir, for V. V. Taraahk.ov. --i 3.5 ke^l/hr, and for V, F, 
Bykovskiy—1Í4.Õ kc .l/hr. 

Thaaa .uthora hjrpotfaaaisa that prolonged ap ca aiasioa* alll 
alidt * «teer ms ut la the U sic aat. bolic indicas. 

Za the p- par at land, data, are presented (19bJ«19t>o) concerning 
the function i state at pulaon ry ventilation, gas est.bolisa. cad 
energy expenditure during brief Kepleri .n trajectory flight* to 
aiaelate saro-gr vlty. During auch flights, recording* «era a.da 
of respir tory r*te, tid^i .iir voluua, ..nd pulmón ry ventil tioa. 
Grab suaplaa of expired «ir «era t ken. An lyaea wore conducted 
.long the lines of the geasnlly . ccaptsd Uougl .s-H..ld ne wethod 
«nd with the aid of the aini tur© spiro- nsMoeeters "Keseda-..' ^nd 
3". These devices h.*.ve * feature f cllit <tinp grab »..apliny of 
expired air with subseyusnt .n lysia thereof in a Haldane app^rutue. 
G*“ aat..bolita volunatrlc coeputatiens ware a..da *t SIPO, .nd for 
pulaottury ventil tioo--r.t BTPS. In three scries of experimenta, 
St flight* were performed involving 55 test aubJacta r nging froa 
23 to 46 yo. rs of ga. 

In the first eerie* of experiment« (7 flights), the test subjects 
ware required to ran .ia sa .tad for tla entire flight. The results 
showed thu t all test subject* experienced stepped-up g** aat-.bolita 
during brisf ssro-gx-vity relative to b^salins d..t«. The asro-C 
gut »«t.,bolita ladles* also sxcaedsd thoss recordad during intr*. 
trajectory «coe ler^ 11 on. G a net a bolita, .nd energy ex^ieaditura dat- 
*or the teat subject* during parabolic trajectory flight «re presented 
in Tabla 1. 

The table shows the O3 ainuts daa.nd during weightlecsnees 
to be lacrs'.sad froa 75 to 215 al above b. sellne v lus*. Siwilárly, 
energy expenditure inert.sad by O.Jo-l.O kCAl/aln, «nd rsaplratory 
ainut* volutas in six tests exceeded baseline Value* by 0.4-4.2 f/ain, 
¿nd ia one last .non by 0.3 f/tsln. 
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In a MCOKui •«ri«« «f «Mparlannt» conduct««) with the »piro* 
MMMMtttax 'H««kU-2". 3« fligjita Mr« und« of «blefe àl lnvoIv«d 
grab umplicg tha «xpirod air. In addition to pulnnsjry r««plc..tlon, 

0*« Mt.'boli«ad «oergy «xponditur« •India« in Umm «npnrlJMnt« 

(» flight«}, ««van fileta «ar« conduct««! during «bleb tha «ubjact« 

parfonad « «pacific pfey«lc.l, iaeaatric taawloa «moicím. tad 

five flight« involvad « «pacifie work output (iQO.t kgu). 

la Totola 2 -tra praaaatad go« ajt .bollan ladle«« fox ta«t «ubjact« 
at rant (sitting) during torlaf «alghtlassaa«» ad during horisoatal 

flight (bo«alla« data). 

fea «««a fron Totola 2, la all aicpariaanta of tfe« «aoond «aria«— a 

la tha fir«t--u«igtotlaaaaa*« «licit« aa locruaaat in go« aat >bolisa 

indie«« to a point higbar th a tfaoa« recordad during horlnootal flight. 
Thus, tha (¾ ainuta dan.-nd during oaigbtlasaña«« axoaadad baaaliaa 

raeorclng« by 22-23t ml, »ad anargy expandí tura indica« «iailrly 

toy 0.16.1.0t: kcol/aia. 

StutiatlcAl -n lysis of tha doto gathered fron 24 flights (Tttolo J) 

shooed pulaoeory ventilation during brief woigbtlassnesa to bo higher 

than during boriront •! flight by 4.6 1/aio. Siail.irly, rosplr .tory 

rata inexs ssd by 2.1 cyelea/ain ami tidal voluaa inert <sad by 400 al. 

Respiratory cyclo profile «Itoratioe ou« also notad during saro-gravity. 

Ous laut boll«a atudy lavolviag test subjects performing isooetric 

tension axarciaas (Figure 1) shooed pulmón-«ry raspiration, gu« 

■at.bollan, «nd (thus higbar) anargy expenditure indict« to ba more 

gra-tiy displaced «han tha exercise «..• par formad during might la ssnass 

thun during borisont»! flight. For test subjects under saro-G 

who«« [rast] pslnonury vantil tioo incrausad by *» .«var >ga of 4.6 f/nin, 
the s-UM index Ancra «sad by 11.7 2/nin during tha isomtrlc axereisa, 

«nd lo.t i/mlm after parfoming the - «signad quantity of «ork. 0¿ 
den -nd during migbtlassmss iners sod corroopoadingly: un .<var«g« 

of 1J4 nl/hln at rast, 165 al/uin under laosnitric tansim, .nd 

291 ml/mifl uhila performing work., Raorgy expandí tu&'a during Might- 

losanoss Increased over tfe t recorded during berisoatal flight: by 

39 kc-«l/hr at root, by 55 kcul/tor utder isoswtrlc tension um) by 
6J.4 kc 1/hr uitfe perfora nco of work. 

Considerable individu«. 1 fluctuation during brief uelghtlesanass 

«ban performing on« .«nd the s .me isomtrlc emrd«« is significant. 
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!to*r9y of tiM toot oubjoct v .rlod mldoly from 
lp*r-bola] -pox to tbo o«xt und fro. on. fli^t to tho o.xt. gnoroy 
.xpooditur. involving on. uMl tho o.^M *cti,ity v.rio. vidoly x.l.tivo 
to 190, body »eicht, training od intensity 0/ tho oork porforaod. 
It fthould bm raph «i««d thU wUmn work 1« pmrformwd la »p#cl 1 
drwmw, ch«;oç«s in gat ¡a*t ¿bollati »«ad anargy •xpaoditura wwrm 
ma pronoun cad. Thi»»f for ax^aplc, last aubjact S. working In 
Clothing di.pl yod in ero sod pulm >ry v.ntil tion during teightlossno 
ehicb oxceodod horixoo^J. flight roeording. by 17.1 i/mlx, but tho 
•Mioiwri porforaod in * spocl.l suit brought an incromoo of 22 i/min 
2 incrousod in tho flrot inst. nco by 307 Ml/aln, in tho aocood 
by »33 41/lain. Bnorgy oxpondituro inoro <»od by tj and 153 kcal At 
•tfmctivmly. la axpariaants of tha third »arica (IS fliahtcl 

involving tb. npiro no.on.tor -Ko^.3-t ..orgy oxpondituro. ^ro 
cwfMitod for tho oagoitudo of puluon>ry vontil .tion (using tho 
Ford-Hollorotoin /omul., IV»»). 

/«» lyois of our oxporioont .1 rosuits in s ohoon th t ch ngos 
in rospir/.tory r^to, puloon.ry vontiUtion nd onorgy oxponditoro—.s 
in both procosding tost oorios—woro »or. pronouncod during brio/ 
•MO-O (T&Uo 4). thus, pulooM ry vontiUtion during harisont 1 
flight incro. sod ovor bisolino valúas fro. 11.15 to U.S1 4/uin, 
during intrstrajoctoxy ccolor tion up to 12.93 t/m±n> nd during 

l4*lf> i/mi*- Cormspondingiy. .wgy oxpondituro 
incro .ood fro. 3.35 to 3.50 kc-.l/uinj during ..ccolor .tiot. to 2.75 
kcul/nin, and during weightIsssooss to 2.9(= kc-l/nin. 

In thia o.nnor, tho oxporiuont. 1 finding, boro o.tnos« to tho 
uniforulty of ch.v.tgos in puluon .ry vontil tion, g^o not.boli«., .nd 
«orgy oxpondituro during wighilo......, indoponctent of tho 0xp.ri4.nt 
naithod» caploycd. 

Th. /*.1 that tf*s wt..bollos rad onorgy oxpondituro aro »oro 
into«« during woighti.ssnoss th n during hwrioootal flight or 
G-lo- ding lo .do to tho conclusion th..t ».ro-G cm gro tiy sf/sct 
tho hun n body. Gosaoo.ut onorgy oxpondituro in tho sp co c»bin 

*VA"- -111 Bro.tly oxcted that 
cordod during briof soro-G or on oftrth. Thus, dotomining tho 

•osrgy oxpondituro roouirod for various opsr. tiens by tho cmmon u' 
in sp- co is of par sount significanco. 
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«UiMMIttlliiaMAciaiMnmh' 

Figure 1 

Variation in Pulmonary Ventilation, Gas Metabolism, and Energy 

Expenditure Indices with Subjects at Rest (I) » under Isometric 

Tension (II) and Working (III). 

l--horizontal flight 2—Zero-gravity 3—after flight 
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Respiratory Rate, Pulmonary Ventilation, and Energy Expenditure of Í 

Keplerian Trajectory Flight ("Rezeda-3M data 

Statis- 

tical 

Indices 

Baseline data Horizontal Flight G-loading 2ero-G 

Resp. 

Rate 

Pulmo¬ 

nary 

Vent. 

Energy 

Expend¬ 

iture 

Resp. 

Rate 

Pulmo¬ 

nary 

Vent. 

Energy 

Expend¬ 

iture 

Resp. 

Rate 

Pulmo¬ 

nary 

Vent. 

Energy 

Expend¬ 

iture 

Resp. 

Rate 

Pulmo¬ 

nary 

Vent. 

Ene 

Exp 

iti 

¿ 
10.3 11.15 2. 

2.18 3.13 0. 

24.2 28.14 23. 

3576 9.7 11.51 

5701 3.56 2.78 

2 36.4 24.2 

2.5095 10.4 

0.7746 3.30 

33.1 31.8 

12.92 2.7517 

3.43 0.6000 

26.9 21.8 

10.5 14.18 2. 

4.04 3.16 0. 

38.2 22.4 18. 

i 

■: 

i 

i 
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Table 4 

ntilation, and Energy Expenditure of Subjects Recorded During 

ian Trajectory Flight ("Rezeda-S" data) 

G-loading Zero-G G-loading Horizontal Flight 

?esp. 

Rate 

Pulmo¬ 

nary 

Vent. 

Energy 

Expend¬ 

iture 

Resp. 

Rate 

Pulmo¬ 

nary 

Vent. 

Energy 

Expend¬ 

iture 

Resp. 

Rate 

Pulmo¬ 

nary 

Vent. 

Energy 

Expend¬ 

iture 

Resp. 

Rate 

Pulmo¬ 

nary 

Vent. 

Energy 
Expend¬ 

iture 

10.4 12.92 2.7517 10.5 14.18 2.9766 10.4 13.15 2.8036 10.2 11.28 2.4779 

3.30 3.43 0.6000 4.04 3.16 0.5385 3.17 4.27 0.7416 3.20 30.68 0.6403 

31.8 26.9 21.8 38.2 22.4 18.2 30.5 32.5 26.53 31.6 32.7 26.05 

: 
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