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Space Phyc-iolo-sy 

by 

0„ 0. Qasanko, v. V. Pair in e 
y. M. Cteniigovaiciy, V. I. «aaftawskljr 

la this Mishly dpaanic œrA, ttr¿© fivo^sreara" l&pu since tto 
—ciaty’B ljt®t conforcKcc at íôâisato is a oancAdarablo parlad of 
®ino. acrnagläoat tho «arid, groat chongo« toavo taken placo in 
osiar Uvoo msS in tin® odonnoo to wMeh ro® dwoto «r oe®kcií*o. 
Duriffigj tli® ««nue pariccl »ap oè®® nciíJ cSiail«£!iln<j íúoao œœ»® tem 
¿a physiology ohlcli, « iMpa, allí srotain tteir ¿apórtame® for 
tha fatum. 

Thanks to electronics s mmarch natfcculolc-gy ha® advanced 
stroagly0 anel iapastast rosult© have been aeMawod in cost of 
Pliycioíogy » o br.-kntíics. Soon ar©«® of this applied science—in 
particul r spam physiology—ham bt®n defined and fonaulated. 

The goal of ©pace physiology is to ©t«dy the character and 
pacoliaritius of apace flight stresses hroaglit to bear on tlws 
organisn of animals and n-m. The esph&sls is on basic investigation-' 
to seek out rational way© of increasing nan's tolerance to spam 
flight and to dsteraiine the bisic* physiologic deuands of a given 
organism on a spacecraft* q envirenaent and egnlpesnt coraplœse. 
St is in this light that condition® .iconabl© to optiaal crew 
pesfoxnanc!© most bo sought. 

Toward this end it i® nsoossary to study the influence on 
tli® body of basic group« of factores 

1« those associated with tbo dynamics of space flight 
( acceleration« weightlessness, vibration ( etc. ) t 

3, those associated with long missions in th® .AStifici.^1 
omviremafflnt of a ap - et «apeale (aiemellaats» isolation, 
hgpo^naeia« etc.)8 ./ '' 

3.. tba®« which characterize emter spam as a unique ©nwiransont 
of habitation (radiation, teeperature or themal conditions, 
etc.). 

¿uuiiLUttUiitt uuiiiMwttiiL 



At fta laot eoofiwims*» w® ¡xroecntod ptiys&alo^lc data obtained 
wiSSa Mçís-aititud» csop^sical eockots« aa tmff'il a® tdtis tho ®aoiiKd 
aa’fiÄei«ul Gasth aatcM.Ste this dsg t*syfca. UMa papas: 
cindUiBw tfco fiadicf© of daporimaiatal racaatch aoMtaatetl ens artificial 
fflat®lîâ®#m [Sputnik] tœ» ti»oB®k Mm and spuoaeraft 'firottok" 
Gffl® ttertatsli sill. 

X wcœâd like to bsgla tbio pap« with titea rossiaJcB that 
paaÄlM© isf fomnlatiw and dioico of Kiowek ntotko-iaiosy in 
qwee pHtyaiolosy am» to a l«g« extant« dotarcincíl by tte appil* 
«abâLlity of toi© «Pinne©, tli® acteaueos of tgp&c» tecbaolog/, and 
tto feasibility of planing, and coxsying oat basic ia»flisbt 
swMralu 

a® sates© ©£ xelated ©snpariaonts is typifiad by to® »«©«at 
”£f«ci«I ßeport to tte U. S. Ccncrotro CiDnwMsg to® FMßilit of 
Ranges-?'', ttoisraby Ime-x pliotoijsrapfc® «exe received. Tbo report 
Qt*tas that "...to® aaeeeee of tks flight m» «Sb® to to® ocrviccs 
of a large, associative body. AXmet 90,000 ptople, »qareeantativos 
of gnvewaent «ganisatlo®®, latfnetsy, uaiversitica. *vid to® 
ecitatific world, took part in to© pla-mino ^nd preparation j»f 
ton qmotcraft and tha cdsaion. fix© projet coot is evaluated 
at 260 iüdlläon dollar®, and the coxistraction atid lanncbinp of 
ttijjpar-y, iadedlag boor tor rocket, at 2t million dollars. ” a® 
X.MD know, almost five afeare wore epent in the iapleaestaticui and 
felfülunt of toi© project. Processing of i»fc«matA©u gathered 
dering this project, acoarding to the ap-aciuliota, will require 
about tor®® yoara. 

CXm^rly* tha perfersABca of biologic reaearch in apace, 
crpeci.tily during manaed spaco flight, pcoaonte a much ©ore 
©Mploffi widcrtaiiing. 

too ©tudy of factor« all©® to earth conditio®© brings to 
li(ÿixt mm cpsaetleae of a tocorotical »aturo atiaulasing tte eeaxeh 
fot;' adequate scans of tlutlx solution. At tea sannt ti», to® 
taingx® «f «paß® reeeareh srgeatly dflsaiwado incklap concspto 
ft» casstrol of biological factor© and of factor© ixpaHrllftaa eeuexaut 
eefbtjr. 

DlfficultiG© arlmto® in this field aro further intensified 
for tto «BGtîers to snsy ïaaportant ^sutntiaos cawnot te foumd tbrcr-trli 
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diaroet np<Fl—iitr>t1ûn /100119 tlwo paroMw» tîio effect ob tfo® 
todF cif prolGüßiid aistlocktt iit & vaxylBH spravit¿\ti«nal fittid« 
te© impact of ötpaCT ©lapldratioîm in Oîiur daily lives9 ao œil a© 
ote« fcütoa:© aaiitt to© set to teeit pscp^r p^rspectiw. 

p isany ©p.'-r,c© flight factors cairn Im socctMAilly 
rsproducsd tajador 1 aber¿;tory cMditieos« Tisis is rsodsrsd feaslMs 
toy meli toehooleglcâl watiu a©t {mesure chcinbers» viteo-toonctoas® 
aneclKoic chaatooTOo eentrícese» arad other research equlpourot 
facilitinittoQ ©imtâlUtioB of T4<Tyfir aed «aniltipis factor© anticipated 
daring ©pae© flight. 

Etcatas© of mch facilities, aciciitifie research ceoters cl 
latera tortee h&m eeepiled a va et body of expertisent^ l data in 
tb0 last years sine© thi® cetatolisteant of ©paco physiology 
i\B an tadepeedent diseiplim. 

to tur ally, tooœvor, research findings during actual space 
flight aro of particu!« interest $ thin report i© devoted to a 
review of such finding©. 

Fler*&a recall that mmy biologic eagierinents on the geophysical 
rockets (1957-^9) pemltteiS etudty of (physiologic] 
responses dinrlng outorbitel flight. Xtä>g® display chîimr in 
ourdicvascular and respiratory functions assoeiAted laainly vAth 
Acmleration encoentered during poaiored flight {lift-off and 
M-iflatsy). The degree of aheoraality9 as a rule» is directly 
proportional to the magnitude of this acceleration. 

In erperinentatim «dth intact aninuxls (in contrast to test 
¿mimais under narcosis), develeynent of activo oar passive defense 
responses was typical at time of ipiitio;». The autonomic 
of this reaction mte particularly distinct during tho first 30 
to 40 seconds after lift-off. 

Curing Mightleossiese# pelee rat©B respiratory rate, and blood 
prsosiiOT* briefly seeeesd elevated readings, recovering gradually 
thereafter to &pproKto:itelir baseline lewis. Studying tb® animaio1 
response tt esitfitlsasmss dariîip toi® euperinentatlon wra© impêûmû 
toy tbs »©king affect off the O-fercee during tte penssed phases 
off the flight. Occitsi«iiUly, nomalisution m® ©1» following the 
transition flmm high accélérât loo to wight lessness* as clearly 
evidemed in the space flight off the dog Layka. 

.,,,, ,,,1,,,,, i. 
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rainœtUj, «»all labosatory amimalo (eiIc®® rats) cœro 
£wmâ Cctj* to tesa •Imtea) to çarratis caotiBœomalj? ferino pœadasâa 
e£ «MiflMlMSMHW« a* &£ "•siaalag" in tbs ai®. tJith tium9 thsy 
ai&qaâni a ccwtail© auBRimt of adaptaticís, aacl fltitir œoccrcnto 
Ia©aatt Isas chaotic anã ia«ffætaal ) they woir® aM« to esCTire a 
CMthald wititi greater feeiutacy. /tppaxwtlir, a m&amm of acsiotanca 
totsld flimaMo these to mwx® a hold ea the mils of thsir coffitaiswr. 

Zn tj;3lßhtloc®3K)Oo Cï^erlrtsntü oa aixplaoo»« 1. 1. Kao^yan and 
B. H. ptawMl teat iq^irtim-o to tba ajiimf,!®11 eontitnar epin 
sssfficiatt to fetralßpo aa angular isoitotea of 0.2C G enabloa teen 
to orlamt tfe®lr todioo a®d direct tesir isoimsisata. ftutäMr 
MMHHmb in this dârectâco io of gnat áapnrtaMnii lons-raagm, 
qpa«Manf* fesi-jyj hinges teasreen. 

hava oljostn teo respoas® of antealo to 
cfsacQ flight to bo otear than pathologic. Ira thra poet-flight 
period» m pwannanA» oöwroo ®ha»u®® or anonúlica issre noted. 
Anteáis caaB these for® p oatisfactorily tolérate rocket travel. 
Kerns*?©®» telo proved tte® reliability and efféetiventes of life 
©wpposrt oyoton® ussd in thoa® csposisamtal flights. 

Bsyrl—ttS on te© oatollito-apacoeraft [Sputnik] carie a 
(1960*61) «ara ootstaiïdânc. Mot «aly «ao otrady of the effect® 
of orMial flight accmpliteu-d ratillriiag on-board talcretry to 
ff®ocxd physiologic toctioas tat additional valoabl® infoimatlon 
«a» g.:ith;ra*.3fi after rate:;« of the biological spaoiiuu® to earth. 
Rcgaarcliag orparaisaticn, tactic©» «rad partly sccthodralogy» thie 
©npcstentatteia erarwed m a series of unique trial ruo® bafora tlw 
rapeamteg apnera aiaateia® tevcSving i»®n—th® conomute. 

Aatealc» piarais» raloroorgsciai» «ssiltorce» arad bioebcraical 
©abstrata coro ccploïf®.-! as Molcgical epcctecao. le tba craft » 
Uf® «rapport ayotOM «r© ÄBifaad to saiataia their biological 
tesistionB within mosml îoraolo. Ira Mm® «Ath tliæ prcgr.ua» selected 
jasysioloiicai and iiygicîiic paramtoxo «a*® radiotelteetrically 
Msondod. 

fh© «so ©f radiotelcaatry for tho oontrol of epacacraft 
oyotoos and for osiontific raaiBurciEoraîs epsîted mm avaraue» for 
cpaca plsyeioiogy srcoaarcb. taw&opstnt of radiotolarastry rocdorccJ 
otaict» ite aaturo of «yatoms to bra ©raed tor this spues effort. 

¿ÜtlíiUMb j^lli.u,,;.!,,,;.: I : , I.;:.;;... .N:!:..| hiiltl-il y,,: iu.liüll,.! I: n.J i I ,:..-.1 ,J.l li,,n i.u-r--11 r-11 '.n,.;,. r. ,.,.,:.1.. . ' : l ;.l,,1:1-.. . I ,...,1 l. , 
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mtevazíiiy öifforoacos batv.ccn tbo oo-eMiled cl -osieal ootted 
os s®sgäscI3 prcblc-i eolation in tho libor^toxy fiad ûfe® spacscr^ft 
will bo pointed oat. 

P'.iyclologieal rcaarurcb porfornsad on «paencraft yicrWed mirolts 
in b*n—y wiftto conclu«ios« de---«» c.-irliar daring tho «AosMt^l 
flight® erf oainaU. alihouflib diffneonen* in duration and tíiasac- 
taxictic of the incident G-fosco® vtssra at play. 

la th® majority of animal®» eardiovaueular and respiratory 
responsa® naso uniform «nd latfomr otrono» in spit® of uoloctlon 
of tbo bealtblcut anlnalu and their pre-flight training, tto 
«atar© of tho responsos was an indication of tho st«to of otrcoo 
era tto given oyotem. f& nao shown in apeeially conducted cisipwri- 
auntatioo (rdaolev» 1062} Votara—»Myc lOc^S) B transvor« 
acceleration most directly affect® lung ventilation and «aocnlor 
blood supply*, including tho pulßsnary blood cupply. Chango* 
obaorwad io circulatory rogniation are of groat interest 
(Sfeul* abanico, 19(s4). 

/’josuuing that thosa pbcnoaiona are dictated by defense 
iMjchanistt® and occur during considerable muscular stras®, then 
during lift-off and re-entry hypoxia can b® anticipated. ïberefora» 
the study of bmodynanicfl and of blood supply during transverso 
acceleration assume® great significanco, as does the search for 
methods of increasing the tolerance thereto. 

In a ©tato of «sightlessness oontinmd up to on® full day 
{in oontxaot to suborbital flights), recordable indices recovered 
to pre-launch level®. lïowsvar ter®, too, «a® noted the lag 
phenonenos in baseline level restoration. 

f-îorcovcr, a cardiac arrhythmia na® fregeœatly observed in 
tb© ECG {V-n interval, X osglitude). Xh®r*B was a relativ© dacwatiit 
of tho systole, this seened to suggest aozo pecullaritie® in 
autonomie, functional rcgalaticm during GaightlccsRaao. 

Xharefor®, farther study of tZi® principal autoroaie fsimetiono 
during tb® most stressing phases of tho flight is indicated, a® 

*hraEolat3s»e note: literally '»redisticibir.tioo»*. 
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raeela Sos ®t© tsEMterafeamSlag of cc^ree-jKsdiEg pigraiolooieal i—rlfinalw 
ue “a2? a «sora pTOfcmnd laaiglit into tteo ptmnufw wadiijr iavMtigatloa. 

tofSUMMo® ®if ««iglttlaMMao ora agwcardl^l eaatv*ction 
is of •Iflftc—t Im fact, á-jr¿ng apmco fligbita anioalo» 
plSDOoMrdlciCOiCiiß and «ai—BCMttfiograo» hriv® bmn uresardad CB. M. 
BayovâMy) f for p®æipto»S blood eirealatloa otsdiM, ©plspgmossrapby 
oaa atilicsd. The «vAloaCloa of aoo data rovoAled iatococtiag 
lofomatloiB eomtcjtrairag chaop— io ooa&sracCáo» « autcaatica and 

rispïlatâ®® of tl» îsaari» 

to tito q>&oacz*ft oatollito aasioa9 studloa kb*® aadto to dato rain« 
tbo matoso of eanliio ootox activity dwrimp ooi^tloowoos. ïb® 
inicíalo 01#®® allowed, with coEtain »oßtrictiono to cavo about within 
tltoiff c*pMlo». Tolooioloa and toloszstrie data {fhoEavtov, 19w2) 
brewiljht to a «tefiaite tBsdsacy temed autonatiam of fmjïsoratiy 
s^sated ESVEOiSat*? o.g., eowooto disoctund towud fixing the? 
Itody to epaco. 

A efndy of aoi»lo* efforts to a atat® of muightlosBooso 
sho»?ad, that aftas savor al bindrod wpetittiomi of a a&nouvcr, 
an äUBisai ia capabto of a givum poofomaaea with atoiamm onargy 
espenditaTo, to guinaa pige, dusiag tho first tens daya after tlacir 
retiw to earth, totawiflod potential® wbm cacordtcl to electro- 
aycgsítos of th® pooteriox extranltias <H. M. Ufahita). On the 
©tbair hand, ooaliol antoals displayed mild chango* ia jaaoeular 
bSootoctrleol activity «nd only dwrtog th® first 24 hours after 
iretma to the laboratory. 

Kigfew »narooe® aettoity mo atediad im ®» 3 aborasery sic© 
ttftox * flight In «a artificial eaœfb catalliti* C^putnik], Zhoir 
■eto»«di{p»tivya pE©5»aao di aplayad it© thnnpaa to reflex time or 
totOMity (LnlK*yaaova, ®t al., 1962). thoao fiedißa® tod Lifahita 
to baiiovo that ©aatrai aaroea» oystca chart#©e; warv, appawtastly, 
OBwflned to tto® bo tor cantors. Mo avidant changas weine observed 
its tito pw0t«fM|jtet bebawiar ©r to th# oaBdltlaaBd scfiox activity 
of tact «logo. 

Of inperUaes, too, 1* that sximdad obssavatien ©f ths test 
antoals «svaaleU m phpstolAgl«»! os hiach—losl dam#® or changa. 
Oaly to antofflio «hieb had completed a 34 banx orbital fligiri mxe 
fciodSaaiaical changas molted Aren two to sis day® after thalx xatsxB 



to earth« Timm tosm:® apparently pmsclaoud ám to a» •arliar 
»actio* t» ctreos (GyaxdEhiùis» Dmaiia» ot al.» 1962). Kor «are 
Aîsy cîuiïss®® HOtffid in tlso blootä pGcrfllGj iif a fciifioiff and atonteruts 
iQültocytosis io ignored. The®» tin® enuoorated tccts failotí to 
®liow a clear cut daviatlon froa ths nora. 

Uistological ami» io particular» karyologic resaarch pavo 
■o—lint «3iff®r®at results. In tait animals (after on© day flight)» 
tita iecidsDnce of chronoscue domae® was from two to three time® 
groatcr than in the control group (/xren’eva, /atipov« ®t al.» 
lî)ô23o Korphologic a 1 analysi® revoa lad intensified tayelopoiasis 
and acaawfaAt suppressed orythropoicsis. Goaotic studios also 
provecí to be very interesting ([Dubinin» ot al.» 1962} ZhiUtov- 
tterortaisww, ot al.» 1962). Space fliglit can elicit genottc 
c&aajitt® in different organisa®» often influencing thair devslopcant 
and reproduction (insecto« /etiman/catas» aaada and ahooto of 
•avaral plants). 

A® yet» mo parallel has been drawn batviaem the offecto 
observed and any definita factor of opaco flight ouch as cosuic 
radiation. Similar résulte can ba achieved by orpooing toot 
««bj'crto to massive ^cesleraticn or to vibration (Parfenov, 
m2). 

In this connection, «0 arc faced with a vastly important and 
intrigting problom} iiaiwly» how does space flight bring it® effect 
to bear. 

Her®, realisation is eaeantial that each factor, «bather 
ladtpandaat or ccssbisscd with othar factors, n«y differ in the 
«pacific nature of its affaet. Along with a general evaluation 
of too effect of spa» flight facto», a moro dateiled »«©arch 
inte Ä® baoic phyolological f«actions naada to bo eatabllalwd. 

Curtain plHH—mi as® obaarvod tdtlj ever greater frcguancy; 
for esatepla, physiological ebangaa in animal® of tom fall to mnifest 
after e^poeere to G-forcos bacausa of oKcaptional oosaponsiitosy 
and adaptation oechanlsn®, 

& particular» data gathered during accoleration studio® 
asph-aoiaso the importance of refioimg. Otœrlng .»c®Bi®ratlon, 
reticular fomation inhibit iam dwalopaa which appAStmtly protects 



tbo cswstorivi cortéis «SMiast aa ©Kra»®iw® flow of isipalcao (U. D. 
Paria, i, ti. ßamimffijrewo ®« al., 19d3). Itoirovor, «wn sand®® 
tl3.ß® eoaöitioaa, coooâtíor^blo fuss-ctional and owssa Etorpholocjic«! 
cltasigo® mm observed in tha tlawuiB of vaætous orgaas (VSaiaik®», 
04 al.D 1903} Fotnfebii», 1962} llluiyov, ot al., 1004). 

Mount iirocearch woxl; le nocssaary to bettor uadcrotaod the 
natuso ©f tbeso pbcnoocaa taking into account both direct and 
tóÜEcet effect of «paco flight factor« on coll maajwta .¿a vroll 
a® ’the causo-IUEKiira 1 xegolatoxy and adaptatif» aechanitns and 
tropic prosesoes at the cellular levai (A. V. Lebadinaîdy, V. PI. 
iiaetaryaScova). 

HoMVor, tt» aaalyeis of dota gathered fren rocket and earth 
satdlito launching® oho» f at space flight rendors a® unfavorable 
biological effect e« aalaal« or man. This conclusion, hoccver, 
is assured only for known esçjcriœcntal factors as duration, 
altitude and other orbital flight parameters. 

Ey spring;, 1961, all preparations for the opaca flight of the 
first ownnmtt, Sta. A. Gagarin, cd the epacocaraft "Vostok“ were 
in order, mimai mxp«rlm«Btation had dwmstrated tlw safety of 
such a flight having served as a dry ran to tost ths oficctivencaa 
and reliability of life ©apport and landing systems. Medical 
monitoring mthods bad aim bson tested. System for the local* 
isMition and retrieval of the spacecraft and comanaut after landing 
were pexfeoted. Still, the first asamed space flight was, to a 
large osrtent, a »top into the uaknoon. 

It oae icpscsible to acouratroly predict tlie influsncc of 
psolcœgœâ weightlosBasa© mi tfe® cosmonaut's spatial orientation, 
coordina&¿c;s, outrali condition, «»d proficiency. 

¥u. A. Gagarin «as tî» first to be «pooed to tît© «Mire 
complex of space flight factor®—to oe© and to feel that for 
which eBbecxjusat cosaocauCe would have to be trained. This 
flight proved that man can tolerate ail phases of short-durr.tic/i 
spaeo flight iTithmat psojiidiciiig parfaname« and fametiomal 
activity. In fact® tîi® jftiactioml dkangn «suo all within tb» 
fzmm of ccîçaeiîsr.tcay procassas. 

Post-fliglit «mailmntio« ©f tfe® ©osmanaut fulled to revoal 
any negativo findings. ¥bo spacecraft® s main systeias parfcscod 

£ 
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nomally. It was otw possible to begin isapLœnt^tlon foar our 
mxb phüß©5 n^iBoly« Icmgor flirte. 

Xh© ßiacth and Mvoiith of Augustf I9ol$ a fuli-day^cj orbital 
flight was successfully couple tod by Xitov. Pulso and ratopiratory 
rato changes recordad bnüfore lift-off \v®xe dourly parallel for 
Titov and Gagarin* After completion of dill pro-mission preparatiom9 

in the mxacution of which the cosmonaut played in active p^.rt9 

lift-off was successful. 

G-forces in too poesred phase developed as previously cojuputed. 
Mois# and vibration accompanying the firing of tto® rockets created 
no dlscmfert. Cabiii barometric pressure* was equal to that on 
earth*; t«aperature9 husnidity and percentage exposition of tho 
atwspbere wear# the samo as recorded «at pro-launch tina. Increased 
pule# and respiratory rat#, already noted in the pro-flight period» 
noimted during the first minuto of flight5 to© puls© was 130 
teats and too respiratory aoveuents were 20 p« einute. Respiratory 
amplitude increased t\5© ^¿nd one-half tiues. Chan#« in temporal 
indices of the I20G vmxe in stop with to© increased heart contractions. 

In spit© of aountiiio ¿acceleration» toe heart rat©, after the 
first saimtGs of powered flight» decreased considerablyt and by 
the to© spacecraft was injected into orbit» it stood at HO 
beat© rmt minuto. Subjoctivoly speaking9 the cosmonaut tolerated 
powered flight mil» During the transition to weightlessness» 
Titov experienced an illusion of "body inversion"; his instrument 
panel appeared to bo above him» and ho piloted tte craft a© if 
ho war# upside-down in relation thereto. This sensation continued 
for nearly on# minute. Thereafter» hi© sense of spatial orientation 
was restored to nomal. 

During wightl#M.nMo9 hlm heurt rat© ccntimied to gradually 
decrease» so ifo-^t «after six how© it was ©lightly greater than 
nwae&l. However» mil defined» periodic increases in heart beat© 
(fro© 70 to lOS/nln) mese ¡rccortí-sd. Tito doctroc^rdio@r<.ua rovcaicïl 
no chang®. Changea «air©, hoaawear, obaarved in tho kinrtoc^rdlogKa. 
whiaa char«et«rl.M tho contráctil© fmetlon of th® heart's 
saascalaturo. Honavor, thcro íss no Informa tic® tihich ivould prcclitó© 

«TEar. notât TM© is a literal rcmUtion of original Russian. 
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tlio aitvwra&ty oí such cíiíin©«®. Xis© 2espir--t©ary »at® did not show 
aaj? inportaat changas „ 

Jlttcnticn she old b® fOCtUMd on corta in oacsoations of discœafcit 
visicli aroEO daring orbital flight and which tfe® cocavonaut .»ccarifcad 
to tnæiïiom oickiiiaoa. Thmam saasationc eiara osepressed by a alight 
disainesas and nausaa noticoabl® during suddon asvenant of the head 
and wfecn obaiarviug quickly otoving objects undoxgoing rapid angular 
dlsplacmant. These pTiniu—fin i created alight discosafort, but did 
sb®® ispair proficiency. From ontrioa nada in the spscocaraft 
loglfcook dusiag fjaighttoîissi®»®» Titov*® handwriting in cpaco does 
Slot csawnstdally differ from that o;s earth. After sleeping, the 
ccnmmaut felt somewhat better, and during the re-entry, di^nineas 
susdl BJtuoca corrplotoly disappeared. After casplstlon of the I7tli 
crbit0 tho rotrerodicf was ignited, and the spacecraft began its 
descent. During retrofisc, conoidorablc G-forcao «tero generated 
giving rio® to a brief ,>çray*c«t,,**«'a pbsnemmon also obaarvcà on 
th® centrifugo. 

Subjectively, th® coseooaut tolerated rotrofire will and the 
Physiologie« 1 paraiaeter® aluMsad oo iraportant deviationa free baseline 
dota. 

A-anlyais of objectiva telena trie data, as opposed to subject! vs 
data, hears witeass to th© capability of the cosmonauts to work 
effectively .and to tolerate space flight. Tho daily physiological 
rhythm, including exercise, rest, sleep, food int.uce, and cliiain -tion 
©f wieta, is not noticeably changed during space flight. 

Tfee orbiting of two spacacraft, involving A. Nikolaev and 
P. Popovich, was qualitatively a ami step in nan*a conquest of 
apace. 

These missions wen» designad to abed light on the impact on 
ssui'e overall coédition, his perfornanca, and his vital physiological 
and psychological fusactiorus by prolonged orposure to tho coaploit 
of space flight factor®. Squally important was the evaluation 
of pare-mimlon training of cosncnautG dasigosd to inarca®® tolerance 
to acceleration, weigh tics snese and psychological stress. Here, 
tco, detemioing which clesiants of this trainirog should be 
naintslned and «diich required correction or strpploatsnt-.tion was 
of lapertsaes. 
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Pia^JLlyt of arit©ri¿» for food actions, oxygmn, 

¿liad sanitation* rjciîra also in ord.tr, 

Spseiai interest was attaciitd to botter underetaoding the 
effect of prolonged weightlessness on the vital physiological 
fmictions9 sensory organsv and cardiovascular systesa* Neither 
tto eingle-orhit niisoion of Yu® Gagarin nor the one—day flight 
of G* Titov gave sufficient data for such evaluation. 

teotioQal stress 9 which is isna voi d-^ble at lift •»off ^nd 
TO-entry e gr©i!tly cashed the direct influence of flight dyoaoic© 
and« theriatby« weightlessness. In addition® the relatively short 
stay in orbit w-as insufficient for the devolopaont of the processes 
cormactsd with 3iy potto tical cardiovascular syetoai adaptation 
during weightlessness (absence of the hydrostatic factor). 

Assassinant of th® degree to which the prolonged exposure to 
wightlessnoes ¿aight tell on sensory organ function thus affecting 
ouaoiiäat proficiency was of paramount interest. Finally® it was 
necessary to clarify if the diecomfort experienced by G. Titov 
was an unavoidable ssmptoia of ©pace flight. 

Solution of the above questions was greatly significant to 
planning and training for future space flight© having at the eaxne 
time an obvious bearing on spacecraft design. 

In comparison with earlier flight®» the extended acope of 
research Methodology and the resulting harvest of scientific data 
wore noteworthy. Tto similarity in pulso rato and respiratory 
changes found ina Nikolaev and Popovich during their group flight 
is striking. marked increase in pulse rate was noted during tbo 
powered phase» especially at first» with a gradual recovery to 
origins! values during neightlesaaese. Furthenmne, a definite » 
daily periodicity in physiological imctoi changes was observed, 
Finally, it io iEspossible to ignore th® mtOTaaly characteristic 
inure tee in pul» rat# and respiration rate toward th© miú of tte 
flight which wae an apparent manifestation of response to stres©-- 
tb© cosmonautr s anticipation of the crucial re-entry phase. 

nTs<, notet probably resferring to waste disposal. 
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t«a «Ul focas cvtx attcmtiloB aor® in dfftaii ©oru coa individual 
•toQM of tJsii! ©jspariaaist. to Sh-u ps®-laiäac5s tsaiaing period, 
pæjnAotoffLe»! osaiaiiiatioa® indicated that fcotfa oonomuto ■aintaitxtd 
a Mßls dOQÄCKi of eolf-csntEol.. Symptom off opproaeicn» apparchanaion 
or doproaoicaj wax® absent. Adaquato cooooratratior» In th® perfonaaao® 
of tas!:® uadoff aianlatod and daily citiwalcna vi.se nanifestod. 
ííosstíiDsr oitb aeintenoac® of a high lav®! of aiotteoea, bobavios 
and spteeft. ttaro nil contsrollœd. Sesta rowaalorJ a high thxoishoM 
for initating stiamli® no tísango® in physiological indices fresa 
basslias data sanidad oïitsido «h® confian of th® launch facility-' 
(1?® ûo Oorlm). topos tant data ota® also gathoxnd through the 
cbi.i3ct.ivo control of elcap. Both cosacm.uts slept »toll, and tho 
ahtogras»«* aba—d no deviation {L. X. (UlusEia). 

Diaasotly bafora lift-off, inersased tsarvaua tension wee in 
asidnos* JtoK«vo», all pcrforaance was absolutely adéquat* and 
precise. Pulso arates increased. 

Oiuting pouwtred flight* no peculiarities «tero in evidence. 
Huyst-ioloaical indices w&ve -u-. anticipated. In orbit* the pulse 
rat® roturned to original levels for Pepovlch within five to si« 
hoi»© and for Nikolaev within ten to taolus hows, lailyeis of 
«loetrociurdieovapbic data wwalod aaitho? pathologic changea nor 
any discordsrs in cardiac ®ti®íilati<aoi, conductivity or autosatien. 
Psriodieally* « variatioa in ï wav® Mipiitwd® wo® noted. /»Iso 
observed cuera dear»»®® in p ond R «ay® deflection anplitiido and, 
in Pttprawichj, a apatolic ár¿cE: dsessssst. 

lisas» daring tba flight» the cosmonauts acre in good condition, 
ûffld ti» completion of entenaive in-flight, progr.uaasd task« tooara 
«itasss to thoir satisfactory proficiency. 

/.® i® «sil îæoïva» th© ccííioaauts parlodically controlLod th® 
craft»® ûttituda oanitally, tooíí notion picture®» recorded laotesaont 
roactias®, -vjsd ©stablishodl frequent voice coraunicAtion with tracking 
stations and botwesa thcacrlva®. on® of tt© aasigaad taska mqs¡ 

^tr. notnt Xtoo esvioto tsra this a "Spacspart". 

'“'•fr. notsi m ¿¡¿S3SES&. * device which i® used to record the 
ntmwovt® of a caged, but atteaswis® wmstraioed aniu.il. 
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MifoobMffVAtion and a (iatailded recording tJaœ^of, Thay purfoiMid 
ipcclal psychological ami vgstibvJUr te&t©* and studied tto 
peculiarities of «sdlfltiAg and pesrforaing Id 4¾ 8t-\t® of nfr«e- 
floating19 after reaswing their haniMMs* In addition» tlä® coBwimfitttfl 
carricad out various rcM^rch assigmemts» ¿ta®ig thn biological 

eo^offioMts« 

In arlthMtle tmt® (involving Matal ©olntion) the tám¡ of 
mocution for both coemmiavits did not deviate torn oautrol test 
tiM8p má raly out nlstiUce for otîdïi roas noted án computation© 
nrblcb luid bmen perfectly correct during tlio teßinirrp period. 
GacmrtJric configura tica test® were p^rfomtd without csrror® and 
exeottioo tiBic wag ncraal. to the ©pacscraft9© lo^acak, Nikel-œv 
and Popovich repeatedly ms.d© tSac cotzy» ^Psychological tests 
ftcaaopllafaed; proficiency undapaired.19 

la cGonectie» with the eeaeatioa of »tica Bickmas ©xporioaoed 
by Titov, in tee prolonged» group flight a emrlcs of tests «ia® 
dosignod to determino the efficiency of spatial perception and 
of the vestibular apparatus in particular. 

The&e tests should have revealed ©eaxiory or motor disorder 
during vestibular etimlatlon ( turaing and tilting of th© head 
*4ad trunk). The oMueaauto noted that the prescribed test© ^are 
performed precisely and easily. In the state of «fecs-f loa ting” 
with Zha eyas cloeed» detemlning th© tody9© spatial orientation 
proved to b© impossible. In addition, Nilcolaev noted that a sharp 
turn of the Imnû in am direction caused his outstretched *ra to 
i®ovo in the opposite direction. 

Thus, perfe&UiUftae of "vestibular in-flight tests*9f the analysis 
of tto above described physiologic^l indicts as œil a© .¾ cMpseftesn 
of vestibular test results before and after flight xevw&led edo 
clear cut changes, fh© coaaion^uts emphasised that they telerat©oil 
wsightlesswn su1>J©ctiv©ly wall* 

Possibly, special preparatory teòiining played a positive role 
in the fact th.it the coœmaut© suffered no coordination disorder* 
Only at first, in the precision testing consisting of drawing 
stare and spirals, was it possible to detect a deviation from tlm 
nannsr in wMch this task tod been perfMmid C3> earth and during 
subsequent period© of the flight* Careful analysis of handwriting 
in tto €un«toaitfd logbook also shmtd msm changn©« 
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■HWPTTI TTMH!H' 

Kiliclcdîv ¿mû P«povitô»{. in tbo c-imiitiß uny aa Cagairim and Titov, 
CîfiSîricncad au difficialty aa&fâer ia iagsstiis.^ f«sd oar drink ms 
in pôEÎôïuiûs a»®ural bo% functions. Tfcûy eîc-5>tt «11 -»nd with 
inaroasâno «Sepiö» in wwning ck»ya. Ueittaor anwunda nor t«sier 
<üeordcr raaa noted. 

After iho flight, •xsitabiláty, lack of p®wosr of concantratioa, 
and olMif ninritelnw «ro all aildly i» «vldwK*. A csapascatlvoly 
éciüjroacod tlaroatold for irariteting atlnBll ma «roidirracüd by single 
nnwm i» disarialaation teste. Detailed clinical and physiological 
csaaimtio« in different pooteflight periods brought no .inamalias 
to light. Only slight fatigua ms observed. This «aawah yielded 
a «oaltl» of infoxisatim» and tee succeed!Bg aissioos of V. F. 
Bykovskiy and V. V. Tereshkov^ «aro better prspated as a roault. 

That* alsaioaa took plac® in jum® of 1503. Byîiovskiy ms in 
orbit for 119 tours, and Taxaahkowa for 71 tours. Their simultaneo» 
miteieos facilitated cdlactiot» of additional information charac¬ 
terising Inmm nrsponw to prolonged csightloescsas in a spacecraft's 
artificial aavixonoant. Tbs outstanding feat«® of this mission 
ns that it reas'cacnted tha first tim a »man had journeyed into 
(cpackte Naturally* this called for additional research to deternin« 
ib» impact of spaceflight ora a female. 

Por ia*fll«ht eardievasculor avalustloaa* aaisaoc irdlograpiy 
wa® utilised. TM» syeîaa «s well oapaetad from flight crperiaerats 
itswoivicp uatasla. Ihe aaiaaogram wsra retarded off the «am« 
chanco! *s tec alaetan-onlogfaa (practicing cawsocy of tel®»« xic 
neto®). 

telaraannullngrnphy was on® of the first iwtJaoda to have boon 
found aj^pllcwbl# for ©pa©» research ¿œcl than far clinical use. 
Due to it® siüiqjilicity and ©owcaience* selsaocardiegraphy can be 
teosoar.adad fax extensiva applicatioa in general «odical practico. 

to the group flights* special attentioa ms paid to gathering 
objective data um» tha teatral nervous system. 

Telcmstric recording of tee EEQ during tpaeo flight was first 
pacfscBsd cm «Vostek-V aBd "Vootok«!*’ with oosaosante Nikolaev and 
Fapovich. Silver olectredes core used« teich mx* placed ora the 
taekond ¿iJiMí m tto nape of tto nsdk. The noa® mttod of Eãu 
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recording mas used i.n tho flights» of Bykovskiy a«d Tereshkova. 
Hare i galvanic skin resistance was also recorclced. 

In the flight of Nikolaev «aid Popovich, slow chongas were 
recorded in electrical resistance of the skin* Thesit ms itnremente 
«re ffl-idü relativ© to th© CL\gnitiiâe of the functional voltage potential 
output of a circuit with current directed counter to the resistance*. 
In Bykovskiy and Tereshkova, relatively rapid cfouges in resistance 
were recordad during cncposur© to prolonged stimulation. During 
titos© periods, tint member of individual responsos as well .-as their 
duration and amplitud® were measured. Since the magnitude of the 
©tinmiuB **as unknown, determination of latency vs&s iiapossiblo. 

To keap cheek on the functional condition of the vestibular 
apparatus, in the first and second group flight©, electro'-oculography 
was employed. Recording oculomotor activity was perfolined with 
the aid of silver electrodes placad on the skin of ths temporal 
canthus. 

D©tectino any tmûmeim for the 8B0, <3SR, and BOG Índicos 
to change was of essence, a® was the degree of association of the 
cosmonaut#* well-being with the otlior indica®» of thoir overall 
condition during flight. 

Tîï© data .(ccumulated allowed for th© separation, into various 
phases, of soûl© of tlio ganerel peculiarities in the c>i.T»K9es of 
individual physiological irnlicm depending on the different phases 
of the mission. 

Th® typical afospoasa displayed by the atrebr&l cortex as for 
as bioelectrical ^etlvity during the first hours and days of the 
mission vem concerned consisted of higfr«frequency oscillatiom. 
Decipherable Î3HG tracings evidesnead ©ithar continuous or periodic 
prédominance of the p-rhythca in Mtelaev, Popovich, and Bykovskiy 
for at least 4b hours. T2is index of low-frequency oscillations 
remained small, and, in my ©vrat, showed no temdtmoy to increase. 

^Tar. noto: The reference boro is apparently to use of the 
impfcdapçfl method of quantitative eloctrodermal reaction with 
direct current. This is as opposed to tin© potential n&tkod. 



UDO tracing® fear Tcra3to:owa lo ö» first day of flight and In 
tito raorning toma of «ho second day rovoaiad tfc® predcainance of 
Mghcjr fksqusaciss. 

t¡m initial flight period was characteristically distimomlahsd 
toy IntSBslfisd oculosotar activity and an increase in the r.ucbor 
of rapid flnetuatiocis in galvanic skin resistance per unit tire. 

ïtoE® responses my fa® associated with hyperaffestivity 
and e;tcit<mmt after oaf© injection into orbit. Such factors 
tt© voice ammoicatioo with tracking stations and between spacecraft, 
EWtüeivlmg otnmsnâ® and signals and watching for extravehicular 
object® Isa oolo flights could act as stiaali of the CKS. 

a® process of gradual adaption to opaco flight is reflected 
in the dynamics of the HOC and GSR indices. Significantly, during 
the eaeond day both oealousator activity and the average number of 
fapld fluctuations in tto GSR tracing dccrcaaed considerably. 

Css fern other hand* the eoatainod offect of all the now (relative 
to degree and nature) stimuli and of the heavy working schedule 
can eventually lead to fatiga® and inhibition of the CMS. 

During isolation «poriimts (esvsral days in tine confines 
of a snail ntaik), tb® initial fox«® of fatigue were evidenced 
toy the BBS's as frequency shifts (changes) in tha slower rhythms 
(Ö. 1. Ivanov, et al., 1ÍK>3)♦ In this regard, great interest is 
atikicJied to the obsorvntioo of on incroasu from the second to the 
third day in tfca ®âow waves in Xarcshov«*® BBS's recorded during 
daylight bear®. Tereshkovu maiatiissd tor spirits and efficiency, 
ä©d tbffl ohaapis ira tho 880 my to® visaed as an objective symptom 
«MT CMS functional Hrofarawtioa”*, ybicb on longer adsslOBS could 
ovacifost itself isa the frans of psoras uncod fatigue. However, in 
«mraluating thv B&S date, cm sust keep in mind that cynetaoraoiiB 
iMTôisn petantial», fUMorstly visaed au a ©igm of increased inbibiticn, 
can also refliret stbâfto ioteeftd by encitation. Xto sinlcing of 
onlonatoar activity bolcw basoiins lovais is ssnottor symptom 
jwoisably of siKilar prognastle partiasneo. a ereendary increase 
ii® cyo aewntaat during the final orbito can too explained as due 

®Xv. not®* adaptetiom. 
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to .na €wtÂ®Oï>! imsgïOffiB® :lsn .«ticipatio® of jra-ontrjr. /it toio 
tt® pxofiio of Tor©ah!cov.34 o EUG' c «Is© aroflsctcd ¿¡npost.mt 

eô»iugiaæ. Tbo dafiisieioií of fîiœ slo«®s wav©® «li2iis¿ohsda .i»tl 
«»»ia» a® at ttes bs£5lnnf.E3 of tfca íi£soáo.os ti» ¡ishythm sob® to 
pradaolaato» 

Tí»® o¡/o EBiovejBont stu3.42.fioutic®, tho Fiyst«cnoid phoaostasui 
¿tid tho mliAffp intenoificottic-® of th® eIcbi ESO waws ln Tossohkava 
«npaasvd almost •inaltanaowsly ©a tb« Moaad day of tha mission, 
Althoia®!» tisis cQsrsarwKit osqsßsriaacsd sio subjsctlvo aotioa aiafc——» 
tlju coistcáds&jc of nystagiHsid sovanant «ntl cbangas in ti» BB3 
profil© aro thOMM to to UMkad to tlw spocific impact of vtoiflht- 
loasnoss on tto vestibular «pp^ratus. îîaio offset, lio:csvö3r, did 
Rot roach ouch proportion® that it could elicit racordablo, 
autononic dioordor© or dacraaaed efficiency. However, th® umtoual 
functional condi ticos ©f th# vestibular analyser darin® wai^itlsaaaae s 
corroborate cor:® of tba oubiactivo JtopreBsioiau of other coamoaaBto. 
Thuu, Popovich indicated that h® coaoffid no vastibular-aetonoadc 
disorders, but «áasnover bæcdlng the toify suddenly fonsard, ho 
•*t>«ri«nced e ,ch tira® a oemoation soiæwhat reaincocent of ti» 
a®ni»ry rospesssc induced by a rotary chair. 

In this fashion, EEC, GSR md EOG data contribute greatly 
to our conoapSions coacurnlag tha influence of prolonged space 
¿¡lesions on tha cesaonauto* general condition. Tha dynamics of 
«to®® indie®® are reflected in man’s adaptoticn to space flight 
viiiclii sets in after about two clys. Changes in the ESG and « 
srhairp deoreeent in oculoaotor activity nr®, ¡apparently, objoetivo, 
prognostic «igas of fatigue. SOG data facilitates sore valid 
evaluation of tha imfluonc® of weightlessnesœ cn the functions 
of th® vsstiimlar analysor*. it is important to caphi ®ise that 
the cbnagc&s in the E3î3n GSH and EGG observed during «pace flight 
did not aenepany »ubjsctiv© sensations of «Banting fatigue, 
symptom of vestibular dysfunction or noticeable degrading of 
efficiency. To present in a single report tbe wealth of Infernstion 
gathered through too above described eaqwniaestatlon i® iaposalble. 
Caly stndlee which soensd of gre.¡tQ®t interest and significance 
are dloQuwMtl toso. 

«Tar. mo«®: analyser i® itaad tor© in the Pavloxdm sem®®. 
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Îlîa tooic outecsE© of tto wash poxfosmaad to data mm to plc-t 
tho ©o^sr©® of fwttitmx mvn^reh in tliQ araa of dp-»©it ph^sioiopy* 
fh,® foltodmg ®l®jisoaate 

I« etody of pbsrslolo&ieal mffmatn aaraclattd with tis^ effect 
of till apacn flight faetoM a& anísala an& aan; 

2* invoati^tioQ of th© is&fto©nco of prolongad ncightlMSMM 
00 p&y&ftoloçpical {QfOdhvanimna «nd parophylactic ntaaiuras to contar 
umteoiraMo saaifoatations} 

3U alnldfiitiOKi of th® physiological wcbaniaas that coas© loto 
plt'ay dmriBp th® transit ftoa G-la^ding to neijBhtlaaasioaa and vice 
varaa; 

4. lanatigation of tSi® impact of protracted canfioaMnt of 
■ovonata (hypokinMiala) aa ancomitaratfl in ©pace cabina and establiahmiit 
of praplqrlactic naaanrui 

5. study ¢52 phystological changas arising in aran during long-tora 
<%p©nddmc® on an artificial environent in a aaolatf Cübiti» establishing, 
thoreby, basic physiological hygoraic rsqniramsta under these 
comiitlnai 

6. limatiçiitioia of the signlfiemco of emotional stress and 
ttm namro^haniiRoral mdianlaaa for regulatlao coopaiiaAtoiry responses 
to ©asiwia© cosiditira©} 

?• further rsfixmaat of biotalasiatric tachaiqiiaa for 
pipalaiagical roeeorch daring apaca laissions* 

Iba >\bom asnyuratlcB of aaiaauaa for further research is by m 
m*m craplstsi it is soff ident» howaasr» to indicate tto scop© and 
diaanlty of ebateclea abich space physiology mist overea©©» ftaTOvar » 
it is important to anyhiiia! as that suceaaaaa in the reato of space 
pl^miolofy raacb basPOMl applied astronautics. Hereby emorgeo tin© 
mm genaral IngMurtsnos of achiavr—wta in space sciciic©. At the 
Vnmmnt ©tag® of At© avolntion» spaos ptoyatology9© furtharanoa not iaiiy 
Qtmm from ganar«! phgraialngp and relatad disciplines» but in turn» 
tSiiroutíh a fotiback aaaaciatisoi with tham scícmm» it Imû® to their 
anriduBOBt» Space physiology nith biotalanatjrjf ha© brought to liisjat 
iatw arparlMntal fact© and idaaa affcrvSing profeund mdaratendickg 
and an evaluation of physiological procossao and phamouiska. 
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Hopftfi&lly 0 recognitioan of this îr,ct will teiug the attention 
of a largo cîMb(D2r of pbytlolopiote to be.-r on th© problems facing 

spac© physiology ató will bxim-g thorn to vppiy their hsaoialodg© in 

tho varions specialised areas of physiology. 
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