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AHanu3 HanpaBNeHUH Hay4YHbIX UCCe0BaAHUM Sk
Mo NPUMEHEHUIO ra3oBbIX AbIXaTesbHbIX
cMeced B IKCTpeMasibHOW MeauLMHe

C.C. Anexcanmu', B.W. Espokumos’, U.P. Knenkos?, B.10. PuibHMKoB', M.C. MnyHuK?

! BCepoCCHiCKII LLEHTP 3KCTPEHHOM 1 paanaumMoHHOM MeamumHbl M. A.M. Hukudoposa, Cankt-Metep6ypr, Poccus;
2 BoeHHO-MeauMuMHCKas akagemua uM. C.M. Kuposa, Cankt-Metepbypr, Poccusa

AHHOTALMUA

Llenb. BbisiBuTb AUHAMUKY M CTPYKTYPY HanpaBfieHWiA Hay4HbIX UCCNEA0BaHWUNA POCCUIACKMX aBTOPOB MO NPUMEHEHMIO ra30BbIX
AbIXaTeNbHbIX CMECEN B IKCTPEMAbHOW MeauLMHeE.

Marepuansi u MeToabl. [TpoBenu nouck nyéamkaumii B PoccMitcKOM MHAEKCe HayyHOro LMTMpOBaHUs 1 u3yuunu 788 oteue-
CTBEHHbIX NybnmKkaumi 3a 2006—2023 rr. No NpUMeHeHWI0 ra3oBbIX AbIXaTeNbHbIX CMECen B 3KCTpeManbHoi MeauumHe. CTa-
TeN B peLieH3UpyeMbIX XypHanax otobpaHo 513 (65,1%), Matepuanos KoHdepeHumii — 118 (15,0%), nateHToB Ha n3obpeTe-
Hus 1 nonesHole Mogenu — 108 (13,7%), aBTopedepatos auccepTaumii — 45 (5,7%). Mybnukaumm cooTHecm ¢ pybpukamm
pa3paboTaHHoro Knaccudukatopa. Hosonoruu, Npu neyeHun U peabunutaumm KOTOpbIX NPUMEHSANM Fa30Bble AblXaTesbHble
CMecH, pacrpegenvny no Knaccam MexayHapogHon knaccudmkauum 6onesHen u npobneM, CBA3aHHBIX CO 3[0pPOBbEM
(MKB-10). Pa3suTie HampaBneHWn Hay4HbIX UCCeA0BaHUIA U3yyanm Npu NMOMOLLM aHann3a AMHAMUYECKUX PSLOB U pacyéTa
MOJIMHOMMANBHOTO TPEHAA BTOPOrO MOPSAAKA MPUMEHUTENBHO K TEXHUYECKUM, BUONOrMyeckuM, GU3NONOTMYECKUM, Meau-
LMHCKUM U MCUXONOTUYECKUM HayKaM W pas3fiMyHbIM ra3oBbiM CMECAM.

Pesynbtatbl. 06LUMe Bonpockl NPUMEHEHUA ra30BbIX AbIXaTembHbIX CMecei paccMatpusanuck B 1,5% pabort, TexHudeckue
npo6neMbl — B 8,7%, 6uonoruyeckne — B 13,7%, pusmnonornyeckue — B 33,7%, MeamumHckne — B 40,2%, ncmxonornye-
ckve — B 2,2%. OTMeuaeTca AMHAMMKa yBeNMUeHUs ymcna nybnmnkaumii no nepeumncieHHsIM npobnemam. B aHanusupyemoM
MaccuBe B COCTaB ra3oBbIX AblXaTeslbHbIX CMeCcei KCeHoH Bxoaun B 47,3% pabot, renuii — B 19,4%, NOBLILIEHHOE U MOHM-
¥eHHoe cofepanue kucnopopa — B 11,5 1 9,7%, opyrve rasel — B 12,1%. BoisBneHa avHaMuKa yBenu4yeHUs NpUMEHEHUS
B ra3oBblX AbIXaTesbHbIX CMECAX KCEHOHa U renus. B paboTax no TexHuyeckuM Haykam B 53,2% cnydyaeB npenctaBnsnmch
YCTPOMCTBA ANs MonyyeHust hapMaLeBTMYECKUX CyDCTaHLMI rasoBbiX AbiXaTesbHbIX CMECEN, B CTPYKType BUonormyeckux
uccnenoBaHuii — B 34,9% paboT MapKepbl NPUMEHEHMS a30BbIX [bIXaTeslbHbIX CMECEN Ha MUBOTHBIX, B PU3MONOTUYECKUX
uccnefoBaHuAX B 59,5% M3yyanocb BAMSHWE ra30BbIX AbIXaTESIbHbIX CMeCei Ha ONTMMM3aLMi0 YHKLIMOHAMBHOMO COCTOS-
HWA 1 paboTocnocoBHOCTb CNEeLMannCTOB IKCTPEMabHBIX NPOeccui, B TOM Yucnie CnopTcMeHoB (44,3%), Mopskos (29,1%),
nétumkoB (5,5%), noxapHbix, cnacatenei u np. (21,1%), B cTpyKType MeamumHckux pabot B 78,3% cnyyaeB uccnepfoBanm
3 PEKTUBHOCTb JIeYeHMs.

3akniouenue. B Lienom oTMeYaeTcs NO3UTMBHOE BIUSIHWE NPUMEHEHWUS B COCTABE ra30BbIX AbIXaTeNbHbIX CMECEN MHEPTHBIX
rasoB Ansd ONTUMM3aUMKM QYHKLIMOHANBHOMO COCTOAHUS OPraHWM3Ma MalMEeHTOB MPW HEKOTOPbIX HO30/I0MUSIX W NOBbILLEHUS
CTPECCOYCTOMYMBOCTM CMELMANIUCTOB IKCTPEManbHbIX npodeccuid. B To e BpeMsa HE0O6X0AMMO NPOACIIKUTL UCCNEA0BaHMS
M0 U3YYEHU0 BAUSHUA Pa3NMYHbIX KOMBMHALMIA Fa30BbIX AbIXaTe/bHbIX CMECel Ha OPraHM3M XMBOTHBIX M YeNOBEKa, U3BIe-
UEHWIO M3 OKpYXKaloLLe cpelbl MHEPTHBIX ra30B U CHUMEHMIO X cebecTommocTy.

KnioueBble cnoBa: rasoBble AbIXxaTeNlbHble CMECH; a30T; KCEHOH; aprox; renui; dJYHKLl,VIOHaJ'IbHOE COCTOSIHKeE;
paGOTOCI'IOC06HOCTb; 3KCTpeMalibHaA AeATeNIbHOCTb; Ha)’KOMeTpVI‘-IGCKVIﬁ aHauns.
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Analysis of research directions on the application
of respiratory gas mixtures in extreme medicine

Sergey S. Aleksanin', Vladimir I. Evdokimov', Ilyas R. KlenkoV?,
Viktor Yu. Rybnikov', Mihail S. Pluzhnik?

' The Nikiforov Russian Center of Emergency and Radiation Medicine, St. Petersburg, Russia;
ZKirov Military Medical Academy, St. Petersburg, Russia

ABSTRACT

AIM: To analyze the trends and structure of Russian scientific research on the application of respiratory gas mixtures in extreme
medicine.

MATERIALS AND METHODS: A literature search was conducted in the Russian Science Citation Index, identifying 788
Russian publications from 2006 to 2023 on the application of respiratory gas mixtures in extreme medicine. A total of 513
(65.1%) articles from peer-reviewed journals, 118 (15.0%) conference materials, 108 (13.7%) patents for inventions and utility
models, and 45 (5.7%) dissertation abstracts were selected. Publications were categorized into the sections of a developed
classification system. Diseases for which respiratory gas mixtures were used in treatment and rehabilitation were classified
according to the International Classification of Diseases (ICD-10). The evolution of research directions was assessed using
time series analysis and a second-order polynomial trend calculation across technical, biological, physiological, medical, and
psychological sciences, as well as for different gas mixtures.

RESULTS: General aspects of respiratory gas mixtures were discussed in 1.5% of studies, technical issues in 8.7%, biological
aspects in 13.7%, physiological aspects in 33.7%, medical applications in 40.2%, and psychological aspects in 2.2%. An
increasing trend in publications across these domains was observed. Among the analyzed studies, xenon was included in
47.3% of gas mixtures, helium in 19.4%, increased and decreased oxygen content in 11.5% and 9.7%, respectively, and other
gases in 12.1%. A growing trend in the use of xenon and helium in respiratory gas mixtures was identified. In 53.2% of technical
science studies, devices for generating pharmaceutical substances from respiratory gas mixtures were examined. In 34.9% of
biological studies, biomarkers of respiratory gas mixture exposure in animal models were analyzed. In 55.5% of physiological
studies, the effects of respiratory gas mixtures on optimizing functional state and performance in extreme professions were
examined, including athletes (44.3%), seafarers (29.1%), pilots (5.5%), and firefighters and rescue workers (21.1%). In medical
research, 78.3% of studies focused on evaluating treatment effectiveness.

CONCLUSION: Overall, a positive effect has been observed from the use of inert gases in respiratory gas mixtures for improving
the functional state of patients with specific conditions and increasing stress resistance in professionals working in extreme
conditions. At the same time, further research is needed to study the effects of various respiratory gas mixtures on the bodies
of animals and humans, the extraction of inert gases from the environment, and lowering their cost of production.

Keywords: respiratory gas mixtures; nitrogen; xenon; argon; helium; functional status; physical performance; extreme
activities; scientometric analysis.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

WccnepoBaHus no NpUMEHEHWIO Fa30BbIX AbIXaTeslbHbIX
cMeceit (TC) ansa uenei aKcTpeManbHON MeAULMHEI, NOBbI-
LUEHMS, COXpaHEHMs U BOCCTaHOBNEHNS paboTocnocobHocT
CMEeLManMCcToB 3KCTPEMarbHBIX BUAOB LEeATENbHOCTM (KOCMO-
HaBTbl, BOLONA3bl, IETYMKM, NOABOLHUKM, MOXKAPHbIE U Apy-
TME) UAN B MHTEPECAX KIIMHMYECKOW MeAMUMHbI LS Kop-
PEKUMM NCUXMHECKOTO COCTOSIHUS MMM aHECTE3UM aKTWUBHO
MPOBOAMANUCE POCCUICKUMM UCCneaoBaTensaMmn patee [1]
W NPOJONKAKTCA B NOCNEAHNE JeCATUIETUS.

B u3paHHbIX 0630pax copepHKuTCA aHann3 MepcrneKTuB
ucnonb3oBanusa [[IC B MeAMLIMHCKON NpaKTuKe [2-5], B TOM
yucne Npu1 U3y4eHUM HeMPONPOTEKLMM U NPU UCTONb30BaHUU
B aHecTe3uonoruu ana Hapkosa [5-8], no BaMaHMKO Kucno-
POJHO-KCEHOHOBbIX CMECEN Ha MHTEHCUBHOCTb Mocneonepa-
LMOHHOro 60N1EBOr0 CUHAPOMA Y OHKONOMUYECKUX BOSbHBIX
[9], N0 MCMONB30BaHMIO KUCIOPOAHO-TENUEBLIX CMECei B Te-
panuu nHeBMoHui 1 COVID-19 [10], no neyeHmto 3aBMCMMO-
CTeW, ApYrux ncuxmuyeckmx pacctpoicts [11-13] u 3abonesa-
HuiA y aeTeit [14-16], no noaaepKaHuio KnU3HeCnocobHoCcTU
paHeHbIX ¢ HONbLLOW KPOBONOTEPEN B YCIIOBUAX NEPEOXIANK-
aenund [17] n npu Apyrux cocTosHMAX OpraHM3Ma YenoBeka.

3HaumMTeNbHOE KOSMYECTBO UCCe[0BaHUIA N0 NpUMeHe-
Huio ['IC, B OCHOBHOM C MCMOJIb30BaHWEM KCEHOHa, MOCBSI-
LLEHO KOppeKuMn QYHKLUMOHABHOTO COCTOSHUSA OpraHu3Ma
CMOPTCMEHOB U CMELMAanUCTOB KCTpeManbHbIX npodeccui
[18-20], HanpuMep, Npu MeaMUMHCKOM obecneyeHun nop-
BOAHbIX NOrpyxeHui [21, 22].

B npeabioyuieit ctatbe NpeacTaBNeH KacTepHbIA aHa-
Nn3 copepxanua 513 xypHanbHbIX cTaTen, 0nybsIMKOBaHHbIX
B 20062023 rr. Mpu noMoLum nporpamMmbl VOSviewer Kitoue-
Bble C/10Ba B CTaTbsAX 6blAM 06beanHeHbI B 7 KnacTepos. Kna-
CTepbl NepeymncreHbl Mo BeIMUMHE 06LLEN CUMbl CBA3M KJTlO-
YeBbIX CNOB, KOTOpas Oblna HECKOJBKO OT/IMYHOM OT YMcha
cTaTei: BOMpOCHI KCEHOHOBOW aHecTe3um usydanuck B 29,0%
nyBAMKaLMIA, TUNOKCMYECKUX TPEHUPOBOK — B 22,5%, ra-
30BOro COCTaBa B 3aMKHYTbIX MpocTpaHcTBax — B 22,0%,
KUCNOPOAHO-TrenmeBbIx cMeced — B 16,4%, Bamanua [AC
Ha HeliponpoTeKumio — B 4,4%, KMCNOPOLHO-KCEHOHOBLIX
cMeceii npu ctpecce — B 3,6%, IC npy HWU3KONOTOYHOM
aHecte3un — B 3,6%. BbisiBneHbl BedyLuMe 0TeUECTBEHHbIE
HayyHble LUKOMbI U YYEHble, uccnegoaslume BansHue [[C
Ha OpraHM3M YesloBEKa W XMBOTHbIX [23].

Lenb uccnepoBaHusa. BbisBUTb AMHAMUKY W CTPYKTYpY
HanpaBfeHUNA Hay4HbIX UCCNEL0BaHWUA POCCUIACKMX aBTOPOB
no npuMeHenuio [[1C B 3KCTpeManbHOM MeauLMHE.

MATEPUAJIbI U METObI

N3yuunu HayyHble nybamKaummW, NpOMHAEKCUPOBaHHbLIE
B PoccMINCKOM MHAEKCE HAyYHOro LMTUPOBaHKA.
lMomnck BKNOYan B cebs cneaytoLLee:
+ KJIlOYeBble CJI0BA: «ra30Bble AblXaTeslbHble CMecH»,
«KCEHOH», «aproH», «Tennii», «KUCNopoaHbie CMeChy;

T.31.Ne 7 2024

BOI: https://doi.org/10.17816/humeco643357

JKoNorna HenoBeka

 T[e UCKaTb: B 3arnaBuu, KIOYEBLIX CNOBax W pede-
paTax cTaTeid B KypHanax, MaTepuanax Hay4HblX KOH-
(bepeHLMI, KOHrPeccoB, naTeHTax Ha M30bpeTeHus u
nonesHble MoJEenu;

+ nepvog nybnuxkaumu: 2006—-2023 rr.

Mo NoMCKOBLIM pexvMaM MOMyYnIM HEeCKOMbKO Nofbo-
POK, KoTopble 06beauHunu B 0bwmin Maccus m3 788 nybnu-
Kaumi no ucnonb3osanuio [C.

MybnuKaumm aToro MaccmBa U3y4unn pyTMHHBIM CNocoboM
M COOTHECAM C pybpuKaMm pa3paboTaHHOro KiaccuduKaTto-
pa (tabn. 1). B pasnenst 2.1-2.4 n 5.1-5.2 Obinn BKIOYEHBI
creaytoLme noapasgaerbl: C KCEHOHOM, C refIMeM, € 3aKUChH
asoTa, C ApyrMu rasamu; B pasgensl 3.1-4.4 — ponosHu-
TENbHO K YKa3aHHBIM: C NOBbILUEHHBIM U MOHUKEHHBIM COAEp-
YKaHMEM KUCNOpoLa; B pasfen 4.5 — cnopTcMeHbl, MOpSAKY,
NETYMKY, ApYrve cneumanncTbl IKCTPEManbHbIX NPodeccuii.

Hepegko cogepxaHue nybnukaumuin oTHOCMIOCb K He-
CKOMbKUM pa3fenam Knaccudmkatopa. Konmuectso pybpuk
CyMMMpOBanu (MX OKasbiBanocb bosiblue, YEM U3YYeHHbIX
nybnMKauuit) M onpeaensavu NPOLEHTHbIE COOTHOLLEHUSA UC-
Crel0BaHUN.

Ho3onoruw, npu neveHun u peabunuraumm KoTopbix Npu-
mensm [[1C, pacnpegenvnu no knaccam MexayHaponHoi
Knaccudmkaumum 6onesHein u npobneM, CBA3aHHbLIX CO 340-
poBbeM, 10-ro nepecMoTpa (MKB-10).

Pa3BuTWe HanpaBneHWin HayuyHbIX UCCleL0BaHMIA U3yya-
7N MpY MOMOLLM aHanM3a AMHAMUYECKWX PALOB U pacyéTta
MOMHOMWANBHOTO TPEHAA BTOPOro nopsaKa [24] npumeHm-
TENbHO K TEXHUYECKUM, BUONOrMYeckuM, ranonornieckum
M MeLUUMHCKMM HayKaM W PasfMyHbIM ra3oBbiM CMECAM.
KoadduumeHT netepmunaumm (R?) neMoHcTpupoBan cBA3b
MOCTPOEHHOO TPEHAA C AaHHbIMU: yeM Bonblue R? (MaKcu-
ManbHbIi 1,0), TeM BofbLLe NPUBNMMKANCA OH K peanbHo Ha-
BniofaBLUMMCS AaHHBIM.

PE3YJIbTATbI

lMonMHOMMaNbHbIA TPEHA, MPU BLICOKOM KO3duLMeEHTe
LeTepMUHaLMM NMOKa3blBan yBEIMYEHNE Yncna NybnmKaLmi,
4TO MOXKET CBUAETENLCTBOBATL 00 aKTyanbHOCTM UCCNea0Ba-
HWI 1 NOBbILLEHWM UHTEPECa YYEHBIX K NpobneMam 1cnonb3o-
BaHus [[C B akcTpemanbHoi Meamnumte (puc. 1). Hanpumep,
ecnm B 2006 r. u3paHa 31 nybnvkaums, To B 2023 r. — 66,
yBenmyeHme — B 2,1 pasa.

CraTei B peLieH3upyeMbIX KypHanax bbino 513 (65,1%),
B MaTtepuanax KoHdepeHuut — 118 (15,0%), nateHToB
Ha u300peTeHmns K nonesHble Mogenu — 108 (13,7%), aBTo-
pedepatoB aucceptaumit — 45 (5,7%), npounx — 4 (0,5%).

Mpu BbICOKMX KO3 ULMEHTaX fETEPMUHALIMM NOSTMHOMMU-
anbHble TPEHAbl MCCefoBaHW Mo BuonorudeckuM, $usno-
NIOTUYECKUM U MeAMUMHCKUM npobnemam npumenenns IC
LEMOHCTPUPYIOT yBeNMdeHue faHHbX (puc. 2). Hanpumep,
B 2006 r. no buonormyecknm npobnemam 610 7 nydmMKaumi,
B 2023 r. — 22, yBenmyenne — B 3,1 pasa; no ¢uamnonoru-
YecKuM HaykaM — 15 1 42 cOOTBETCTBEHHO, YBESIMYEHME —




ORIGINAL STUDY ARTICLES Vol. 31 (7) 2024

Ta6nuua 1. KnaccuduKaTtop M3ydeHms HayuHbIX UCCe[0BaHMIA MO MPUMEHEHMIO Fa30BbIX AbIXaTeNbHbIX CMeceit
Table 1. Classifier for the study of scientific research on the use of gaseous breathing mixtures

Ekologiya cheloveka (Human Ecology)

Pybpuku Bcero, % | B Hayke, %
Categories Total (%) | In science (%)
1. 06wwme Bonpockl | General questions 15
1.1, Cbesfbl, KOHrPECCh], KOH(BEPEHLIM, NEPCOHaMN
Convention, congresses, conferences, personalities
12. Npasosoe perynuposaHie | Legal regulation
2. Texnuyeckue Hayku | Technical sciences 8,7 100,0
2.1, YcrpoiicTea A8 nonydeHmns GapMaLeBTYECKMX CyBCTaHLmiA 53,2
Devices for the production of pharmaceutical substances
2.2. YcrpoiicTsa ang Hapko3a | Anesthesia devices 55
2.3. YcrpoiicTea Ans ONTUMM3ALIMM (YHKLIMOHAMBHOTO COCTOSHS M paboTocrocobHOCTH 15,6
Devices for optimizing the functional state and operability
2.4 Ycrpoiictea ans nederus 3abonesanuin | Devices for the treatment of diseases 256
3. buonoruyeckue Hayku | Biological sciences 13,7 100,0
3.1, Maprepsl Mcnosb30BaHMs Ha XMBOTHBIX | Markers of use on animals 34,9
3.2 OugHKa MCMOSIb30BaHMA MO KIMHMKO-11a60PATOPHBIM MOKA3ATENAM (MIMMYHOSOTUS, KIETOYHBIE MOKA3aTeNN KPOBU 38,9
u np.) | Evaluation of usage based on clinical and laboratory parameters
(immunology, blood cell counts, etc.)
3.3, OueHxa MCronb30BaHWA N0 NEKTPODU3MOSIOTMHECKIM MOKa3aTeNaM (3NeKTposHLedanorpadms, CrieKTpocKonms 26,2
n np.) | Assessment of usage by electrophysiological parameters
(electroencephalography, spectroscopy, etc.)
4. ®usmonoruyeckue Hayku | Physiological sciences 337 100,0
4.1, Bnumanue Ha ceppedHo-cocyamcTyio cucTemy | Effects on the cardiovascular system 11,6
42.  Bnuanme Ha cuctemy fbixanma | Effects on the respiratory system 9.3
43.  Bnmanme Ha opraHbl 4yBCTB (3peHue, cnyx) | Effects on the senses (vision, hearing) 2.4
b4 Bamanme Ha NCUXMHECKME DYHKLIAM, HEMPONPOTEKLMIO, 60 211
Effects on mental functions, neuroprotection, pain
45 OnTUMM3aLMA BYHKLIMOHAIBHOTO COCTOAHMA U PaboToCMoCo6HOCT 55,9
Optimization of functional status and operability
5. MeguumHckue Haykm | Medical Sciences 402
5.1. Wcnonb3osanme ana HapKo3a | Use for anesthesia
5.2.  JleyeHvie 3a60/1eBaHMIA C MPUMEHEHMEM [a30BbIX AbIXaTeNbHbIX cMecel (no kiaccam MKB-10) 100,0
Treatment of diseases with the use of gas breathing mixtures (according to ICD-10 classes)
5.2.1. Hekotopble MHGEKUMOHHbIE 3aboneBaHus, COVID-19 (1) 17,4
Some infectious diseases, COVID-19 (1)
5.2.2.  HosoobpasosaHus (Il) | Neoplasms (1) 10,4
5.23.  Tlemxudeckue paccTpoicTsa, 3aBucmmMoctu (V) | Mental disorders, addictions (V) 9,7
5.2.4.  BonesHn HepeHoit cucTembl (V1) | Diseases of the nervous system (V1) 15,1
5.25.  bonesnu rnasa v ero npuaatoyHoro annapara (V) 2,0
Diseases of the eye and its accessory apparatus (VII)
5.2.6.  BonesHn yxa 1 cocuesmaHoro oTtpoctka (VIIl) | Diseases of the ear and mastoid process (VIII) 2,0
5.2.7.  Bone3Hu cuctembl kpooobpalerms (IX) | Diseases of the circulatory system (IX) 10,9
5.2.8.  BonesHn opraHos abixaHus (X) | Respiratory diseases (X) 9,9
5.2.9.  BonesHu KOCTHO-MbILLEYHOM CUCTEMBI U COeaUHMTENBHON TKaHK (XIII) 1.4
Diseases of the musculoskeletal system and connective tissue (XIII)
5.2.10. Bone3Hu MoyenonoBow cucTeMml, natonorus bepemeHHocTy (XIV) 8,1
Diseases of the genitourinary system, pathology of pregnancy (XIV)
5.2.11. TpaBMmbl, 0TPaBNeHWs 1 [pyrvie BO3AENCTBUS BHELLHMX MPUuH (XIX) 23
Injuries, paisoning and other effects of external causes (XIX)
5.2.12. BonesHu nonocTn pTa, CIHHLIX XKenes 1 Yentoctert (1-a rpynna, XI) 48
Diseases of the oral cavity, salivary glands and jaws (group I, XI)
6. Mcuxonoruyeckue Hayku | Psychological sciences 2,2

6.1, Tewxonorndeckas peabunurauns | Psychological rehabilitation
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Puc. 1. [IuHamuKa KonmyecTBa U3ydeHHbIX NybavMKauuii (@) v cTpykTypa TMna usaaxui (b).
Fig. 1. Dynamics of the number of publications studied (a) and the structure of the publications by types (b).

B 2,8 pa3a; no MegnuMHCKMM Haykam — 20 u 45 cootBeT-
CTBEHHO, yBenmyeHne — B 2,3 pasa. [pu HeBLICOKOM Ko3g-
uuUMeHTe feTepMUHALMM TPEHA UCCNEA0BAHUMN MO TEXHUYe-
CKUM npobneMam HanoMmuHan U-Kpusyto (cM. puc. 2).

06wwue Bonpocbl npuMeHenns T[C paccmatpusanmchb
B 1,5% nybnukaumi, TexHnyeckue npobnembl — B 8,7%,
buonornyeckme — B 13,7%, dusmnonornyeckne — B 33,7%,
MeamumHckue — B 40,2%, ncuxonornyeckne — B 2,2% (cm.
Tabn. 1).

B aHanuanpyeMoM MaccvBe paHHbIX B cocTas [[IC Kce-
HOH BXxogmn B 47,3% nybnukauui, rennii — B 19,4%, nobi-
LLEHHOE M MOHUMEHHOE cofepaHue kucnopoga — B 11,5
n 9,7%, opyrve rassl — B 12,1%. Heobxogumo Takxe oT-
METUTb BbLICOKYID CTOMMOCTb WHEPTHBIX ra30B M Heobxo-
AMMOCTb MpOBEAEHUS| UCCNEA0BaHMA MO UX U3BJIEYEHMIO

Yucno
25

13 OKpYXaloLLeid cpefbl, YTo ByAeT cnocobCTBOBaTL CHUME-
Huio cebectonmocTu [25, 26].

C BbICOKMMM KO3(hdMLMEHTAMM [eTePMUHALMM MOJTUHO-
MUasnbHble TpeHabl Nybaukaumi no mcnonb3oBaHuio B [[C
KCEHOHa W renus MoKasblBanu pocT noKasareneii (puc. 3). Ha-
npumep, B 2006 r. feicTaue KceHoHa U3yyanock B 18 pabotax,
B 2023 r. — B 45, yBenuuenne — B 2,5 pasa; renms —
B 7 1 21 paboTax cOOTBETCTBEHHO, yBeNIM4eHe — B 3 pa3a.

Mpn Hu3KkMXx KoadduumeHTax [eTepMUHALMM Mo-
JIMHOMMAnNbHBIM  TPEHA, MO MPUMEHEHWH MOBBILIEHHO-
ro copepxanust kucnopoga B IIC HanomuHan U-kpusyto
C TeHAEHUME YBENMUEHUA MyDNMKALMIA, NOHUKEHHOT0 coaep-
YKaHWSA KUCIopoAa — Mooy UHBEPTMPOBaHHYH U-Kpusyto
C TEHAEHUMEN YMEHbLLEHUA [aHHbIX B NOCNELHUIA NEPUOA
Habnoferms (cM. puc. 3).

20+

O NMNOWOWOOHWQ O AN OO VDO NMNOVOO O N M
85882 c-c23I22-228588m 88588552000 S8 8w
== TexHn4yecKkme HayKu

= =[loNNHOMNANBHbIA TPEHA,
== Bronornyeckne Hayku = == MonMHOMUanbHbIi TPEHA

=C= dUsMonornyeckne Hayk = =rloanHommanbHblil TPEHA,
=@~ MepuunHCKNE Haykn = == [osIMHOMUaNbHbIA TPEHS,

a

b

Puc. 2. [InHaMuKa KonudecTBa MCCNeAo0BaHUin No NPUMEHEHUI0 ra3oBbIX AblXaTesbHbIX CMeceii B TEXHUYECKUX M B1oNornyeckmx HayKax (@), B dJMBVIO-

JNIOrM4eCKMX N MeULMHCKUX HayKax (b).

Fig. 2. The dynamics of the number of studies on the use of gas breathing mixtures in technical and biological sciences (@), in physiological and medical

sciences (b).
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HueM (b).

Fig. 3. Dynamics of the number of studies on the use of xenon and helium (a) and oxygen with different contents (b) in gas breathing mixtures.

YMecTHO YKa3atb, 4YTO B nocnegHue roabl yenn4mpaetca
yucio pa60T, B KOTOpbIX U3y4aeTcA [eiCTBUE Ha OpraHu3m
YyesioBeKa U XWMBOTHbIX APYrux rasos, Hanpwumep, aproHa,

a30Ta B pa3HbIX KOHUEHTPALMAX U np.

B cTpyKkType TexHuueckux uccnepoBaHuin B 53,2% pabot
NnpeLCcTaBAsINCE YCTPOICTBA AN1A NoNydeHus GapMaLesThye-
ckux cybctaHumia TAC (cM. Tabn. 1). B TexHuYecKux ycTpon-
CTBax KCEHOH npejmnonarany ucnonb3osatb B 37,7% pabor,
renuin — B 28,4%, NoBbILLEHHOE COZlepaHuUe Kucopoa —

B 11,9%, opyrve rasel — B 22,0%.

B cTpyKType Buonormyeckux mccnefoBaHuin pesynbTathbl
ucnonb3oBaHus [IC no BbiaeneHHLIM pybpuKkaM Knaccudu-
KaTopa Oblin B 6IU3KMX N0 3HAYMMOCTU Jonsx (cM. Tabn. 1).
B kayecTBe 06beKTa UcCes0BaHN KCeHoH bbin B 46,0% pa-
6oT, renuit — B 12,8%, KMCNOPOL, C NOBLILLIEHHBIM COflepKa-
HueM — B 8,7%, ¢ NoHWKeHHbIM coaepxanneM — B 15,1%,

Apyrve rassl — B 17,4% pabor.
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B cTpykType dm3monormyeckux uccnepoBaHuii B 55,5%
pabot msyyanocb BamaHue I1C Ha onTuMmM3aumMio QyHKUMO-
Ha/bHOro COCTOSHWA M paboTocnocobHOCTb CheLnanmcToB
3KCTpeManbHbIX npodeccuit (cM. Tabn. 1), B TOM uucne
cnopTcMeHoB (44,3%), Mopsakos (29,1%), nétumkos (5,5%),
noapHbIX, cnacatened u np. (21,1%). B nybnukaumsx, co-
OTHECEHHBIX C (um3nonornieckummn Haykamm, B coctas [[IC
KCEHOH Bxoaun B 25,7% pabot, renuit — B 15,4%, aproH —
B 8,3%, K1cnopop ¢ NoBbILEHHBIM cofiepxaHnemM — B 17,8%,
C NMOHMXEHHBIM cofiepaHueM — B 28,0%, apyrue rassl —
B 4,8%.

B cTpyKType MeaMUMHCKUX McCnefoBaHuii o NpUMeHe-
Huto [1C npu Hapko3e oka3anock 21,7% paboT, npu neveHnn
3aboneBaHuit — 78,3% (puc. 4). Npn MeMUMHCKUX Uccheao-
BaHusAx B coctase ['[1C kceHoH npucyTcTBoBan B 65,1% pabor,
renui — B 21,9%, NoBbILLEHHOE COflepXKaHue Kuciopofa —
B 6,4%, 3akucb asota — B 1,0%, Apyrue rassl — B 5,6%.
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Puc. 4. CTpyKTypa npUMeHeHUs ra3oBbIX AblXaTesbHbIX CMeceil B MeAMLIMHCKUX paboTax (a), HOMeHKaTypa rasoBbix AbiXxaTesbHbIX cMeceit (b), nedyenme

Ho3onorwi (c).

Fig. 4. The structure of the use of gas breathing mixtures in medical work (a), the nomenclature of gas breathing mixtures (b), the treatment of nosologies

(©).
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OPUTMHATTBHBIE MCCIEIOBAHNA

CTpyKTypa neuvenmsa Hosonoruit no knaccam MKB-10 ¢ uc-
nonb3oBaHueM [[IC nokasaHa Ha puc. 4.

3AKJIKYEHUE

lNpumeHenue I'IC B MHTepecax 3KCTpeManbHOW MeauLm-
Hbl W CMELMannCTOB 3KCTPEMaJbHbIX BULOB AEATENIbHOCTH,
K/MHWYECKOW MeaMLMHBI AN KOPPeKLMM NMCUXMYECKOro co-
CTOSIHWA UMW aHECTe3MM [OCTaTO4HO LUMPOKO NpeACTaBeHbl
B Hay4HbIX paboTax poCCUICKMX aBTOpOB.

B uenom oTMeyaeTcs NO3MTUBHOE BAIMSIHUE NMPUMEHEHUS
B coctaBe [[C MHepTHbIX rasoB And onTMMM3auun QyHK-
LMOHANbHOr0 COCTOSIHUA OpraHM3Ma NauMeHTOB MpU He-
KOTOpbIX HO3010MUAX U MOBBILIEHMS CTPECCOYCTOMYNBOCTH
CNeuManncToB 3KCTpeManbHbIx npodeccuit. B To e Bpems
HeobxoAWMMO NPOJONKMTL UCCNEA0BAHUA MO U3YYEHUIO BIK-
SHWA pasnnuHbIX KoMbuHauui TIC Ha opraHM3M 3UBOTHbIX
W YesloBeKa, U3B/IEYEHMIO U3 OKPYKalOLLei Cpefibl MHEPTHbIX
rasoB U CHUXEHMI0 Ux cebecTouMocTm.

N0NOJHUTENIbHAA UHOOPMALIUA

Bknap aBtopoB. C.C. AnekcanwH, B.I0. PeibHnkoB — metofono-
TS UCCNeLoBaHWUS, PeflaKTMpOBaHWE OKOHYaTeNbHOM BEpCUM CTaTby;
B.). EBnokMoB — co3aaHue pybpuKatopa cTaTei, CTaTUCTUYECKUI aHanus
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