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Ha ceropHsIIHMIT ACHB CYLIECTBYIOT CPEACTBA HHAMBUAYAABHON 3AIUTI, KOTOPBIE 33 CYET CBOMX MACCOTabapHTHBIX XapaKTe-
PHUCTHK U KOHCTPYKTHBHBIX OCOOEHHOCTEH MOI'YT OTArYaTh IPOPECCHOHAABHYIO ACSITEABHOCTD. DTO XaPAKTEPH3YeTC S YBEAU-
YeHHeM HarpysKi Ha PsSiA OCHOBHBIX CHCTeM OPraHH3Ma PAOOTHHKA, B TOM YHCAe KAPAUOPECIIHPATOPHYIO CHCTEMY, YTO MOXET
CTaTh IIPUYMHOM Pa3BUTHU IMPOPecCHOHaAbHOM maToAorun. MccaepoBanue QyHKITMEI KapAHOPECIMPAaTOPHOMN CHCTEMbI YeAO-
BeKa B IIPOLiECCE IO TPYAOBOI AESITEABHOCTH [IPEACTABASIETCS BAKHOM 3aAael IPU MeAHKO-OHOAOIHYeCKHX HCIIBITAHUSX KaK
CPeACTB HHAMBHAYaABHOM 3aIfUTHI, OTATYAIONUX MPOPECCHOHAABHYIO AeSITEABHOCTD, TaK M IIepCIIeKTUBHBIX CPEACTB HHAUBH-
AYaABHOM 3aIIUTHI OT TXKECTH TPYAOBOTO IIPOIeCCa — IIPOMBIIACHHBIX 9K30CKEACTOB.

IeAp BccaepOBaHUS — OIPEACAUTD BO3MOXHOCTD IIPUMEHEHHUS SPTOCIMPOMETPHH AASL PUSMOAOTHYECKOH OIIeHKH CPEACTB
MHAMBHAYaABHOM 3aIIUTHI U IIPOMBIIIACHHBIX 9K30CKEACTOB.

B MeAMITMHCKOM IIPaKTHKeE U CIIOPTE BBICIINX AOCTIDKEHHUIH 3ProCIMpPOMETPHSA CIUTACTCSA «30A0TBIM CTAaHAAPTOM>» AAS QYHK-
LIHOHAABHOM OLIEHKH KapAMOPECIIMPATOPHOM CHCTeMBL. PabOTHI, CBHAETEABCTBYIOLIIE O IPUMEHEHUU IPTOCIIUPOMETPUH C
ITeABI0 QH3HOAOTHYECKOM OIIEHKH CPEACTB MHAMBUAYAABHOM 3aIMTHI, KpaiiHe HeMHOTOYHCACHHBL.

ITpuBeAeHBI Pe3YABTATHI HAYIHO-HCCAEAOBATEABCKHIX PAbOT, B KOTOPHIX 3PrOCIIMPOMETPHIO IPUMEHSIAM B MEAUIJUHE, CIIOPTE,
a TaKoKe MOCBSIEHHBIX GU3UOAOTO-THIHEHITIECKON OLleHKe 00eBOM SKUIIMPOBKH, PA3AUIHBIX BUAOB CPEACTB HHAUBHAYAABHOM
3aIUTB], B TOM YHCAE HOBBIX IIePCIIEKTUBHBIX CPEACTB MHAMBUAYAABHOH 3alJUTHI OMIOPHO-ABUTATEABHOTO aIlIapara — IIpo-
MBIIIAEHHbIX 9K30CKEACTOB.

IIpumenenue sprocnypoMeTpHH II03BOAUAO 3aPETHCTPUPOBATh OCHOBHBIE IIOKA3aTEAU KAPAMOPECIMPATOPHOM CHCTEeMBI ye-
AOBeKa KaK B HATYPHBIX, TaK X AAOOPATOPHBIX YCAOBHSIX U IO3BOAMAO COOPMUPOBATH 0ObeKTUBHOE 3aKAIOYEHHE O AUHAMUKE
CTeNeHH HaPsDKEHHA KaPAUOPeCIUPATOPHOH CHCTEMBI 9eA0BeKa IIPH UCTIOAb30BAHUU MM CPEACTB HHAMBHAYAABHOM 3aIIUThHI
H IIPOMBIIIACHHBIX 9K30CKEAETOB C Pa3AMYHBIMU MacCOrabapUTHBIMH XapaKTePUCTHKAMH.

Taxum obpasoM, mpuMeHeHHe IPrOCIUPOMETPUS KaK H30AMPOBAHHO, TAK M B KOMIIAEKCE C ADYTHMH METOAAMH, TIO3BOASI-
T pellaTh 3aAAUM, KACAIOIMECS MEAMKO-OHOAOTHYEeCKHX HCIIBITAHMI CPEACTB HHAMBUAYAABHON 3AIIUTHI U IPOMBIIIACHHBIX
9K30CKEACTOB.
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Today, there are personal protective equipment, which due to their weight and size characteristics and design features can
aggravate professional activity. This is characterized by an increase in the load on several major systems of the employee's
body, including the cardiorespiratory system, which can cause the development of occupational pathology. The study of the
functions of the cardiorespiratory system of humans in the process of his work is an important task in biomedical tests such
as PPE, aggravating their professional activities and future means of individual protection from heavy labor and industrial
exoskeletons.

The aim of the study is to determine the possibility of using ergospirometry for the physiological assessment of personal
protective equipment and industrial exoskeletons.

Main part. In medical practice and high-performance sports, ergospirometry is considered the "gold standard" for functional
assessment of the cardiorespiratory system. There are very few studies showing the use of ergospirometry for the purpose of
physiological assessment of personal protective equipment.

Results of research works in which ergospirometry was used in medicine, sports, as well as on the physiological and hygienic
assessment of combat equipment, various types of personal protective equipment, including new promising personal protective
equipment of the musculoskeletal system-industrial exoskeletons.

The use of ergospirometry made it possible to register the main indicators of the human cardiorespiratory system both in
field and laboratory conditions and allowed forming an objective conclusion about the dynamics of the degree of stress of
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the human cardiorespiratory system when using personal protective equipment and industrial exoskeletons with various

weight and size characteristics.

Thus, the use of ergospirometry both in isolation and in combination with other methods allows us to solve problems related
to biomedical testing of personal protective equipment and industrial exoskeletons.
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Ha ceropHsammuii AHb CyIeCTBYIOT CPEACTBA HHAMBUAY-
apnoi1 samutsl (CU3), KoTopble 3a cyeT cBOUX Maccoraba-
PUTHBIX XapaKTEPUCTHK X KOHCTPYKTUBHBIX 0COOEHHOCTEN
MOT'YT OTArYaTh HPOQeCCHOHAABHYIO AesTeAbHOCTD. Kypru,
Oproxu, kombuHe30Hs!, koMmaekcHsie CHI3 u mp., HecMOTpst
Ha CBOE 3aIIUTHOE IIpeAHA3HAYeHHe, MOT'yT YBeAUYUBATh QU-
3MOAOTHYECKYI0 CTOUMOCTD PAOOTHL, 0COOHHO B COUETAHUH
C BpPEAHBIMY QU3HUIECKUMH GAKTOPAMU PabOYeH CPEADI H TS-
KECTBIO TPYAOBOTO IPOIlecca. JTO XapaKTePU3YeTCs yBeAnde-
HHeM HAarPy3KH Ha PSIA OCHOBHBIX CHCTEM OPTaHH3Ma paboT-
HUKa, B TOM 4HCAe KapAuopecnuparopHylo cuctemy (KPC),
YTO MOJKET CTaTh HPHYMHON Pa3sBUTHA IPO(eCCHOHAABHOM
marosoruu. Ilepcnexrusupivu CH3 oT TskecTH TPyAOBOTO
Tporecca SBASIOTCS IPOMBIIIAEHHbIe 3K30ckeAeTs! ([19), ko-
TOpBIE 110 3aIBACHUIO Pa3pabOTIUKOB CIIOCOOHBI CHUBUTD Ha-
rpysKy Ha opraHusM paborauxa. Hexoropsie o6pasmsr I13
yoke IPUMEHSIOTCS Ha IIPOU3BOACTBE, OAHAKO CYlIeCTBeHHOMH
Ipo6AEMOi, Ha HAIIl B3TASIA, SIBASIETCSL OTCYTCTBHE EAMHOTO
METOAOAOTHYECKOTO IIOAXOAQ K OITeHKe PU3MOAOTHIECKOH -
$eKTHBHOCTU IPUMEHEeHH S AAHHON IPOAYKIJUH, B TOM YHCAE
00beKTUBHOMN U HapeXHOI MeToauku onjeHkn KPC.

TaxuM 06pa3oM, HA CETOAHSIIHUI AEHb HCCAEAOBAHHE
¢ynkuuit KPC yeaoBeka B Ipoliecce ero TpyAOBOH AeSTeAb-
HOCTH IIPEACTABASETCS] BAXKHOM 3apauelt IIPH MEAUKO-OHO-
Aorpdeckux ucmbiTanuax kak CH3, orarvaromux mpodec-
CHOHAABHYIO ACSTEABHOCTD, TaK U mepcrekTuHbix CH3 ot
TSDKECTH TPYAOBOTO mponecca — I13.

B MeAHIIMHCKOF PaKTHKE XOPOLIO 3aPEKOMEHAOBAA Ce-
651 Merop aprocrmpomerpun (JCM). C ucnoabsosarnem
AQHHOT'O METOAA BO3MOXXHO KOMIIAEKCHO OLIeHUTh AMHAMUKY
$ynxuuonaassoro cocrosuus (OC) opraHusma geaosexa,
IIOAYYHUB 0OBEeKTHBHBIE KOAUIECTBEHHBIE AAHHBIE 00 OCHOB-
Hbix nTokasaTeasx KPC. IlpuanuMas Bo BHIMaHHE OIIBIT NPH-
MeHeHms MeToA2 D CM B MeAHIIHHE, I1eAeCOOOPA3HO PACCMO-
TpeTh BOSMOXKHOCTD €T0 HCIIOAB30BAHMUS B 00AACTH PH3HO-
AOTHH TPYAQ.

LleAb BcCcA@AOBAaHMSA — OIIPEAEAHTh BO3MOXHOCTD IIPH-
MeHeHHS MeTopaa JCM aast dusnorormaeckoit onenku CH3
u I12.

B MeAMITMHCKOI ITpaKTHKe U CIOPTe BBICIIHX AOCTYDKEHHI
sprocrimpomerpust (JCM) cunTaeTcs «30A0THIM CTAHAAP-
TOM>» AAS QyHKITMOHaABHOM onjeHku KPC [1]. Meroa no3Bo-
aser onenurs cocrosare KPC He3aBUCHMO OT BO3ACHCTBUA
OKPYXKAIOIIUX $PaKTOPOB M MOXKET OBITb MCIIOAB30BAH HEIO-
CPEeACTBEHHO BO BpeMs QpU3HIecKoil aKTUBHOCTHU. Peructpu-
py1oT 06bembl BabIxaeMoro kucaopoaa (VO,) u Bbipeasiemo-
ro yraekucaoro rasa (VCO,), MakcuMaAbHOe NOTpebaeHue
KHCAOPOAR (VO,4x), MeTaboAMuecKnit skBuBaseHT (MET),
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ACTOYHYIO BEHTHASIHIO, BpeMsl HACTYIACHHS aHAIPOOHOTO
nopora, yactory ceppeusix coxpamennit (UCC), aprepuasn-
Hoe AaBaenne (AA) u mp. B meanyunckoit npaxruke 9CM
II03BOASIET BBIPAOOTATb A€YOHYIO TAKTHKY IPH PA3AMYHBIX
3200A€BaHMIX.

Paborsl, cBupeTeAbcTByIOmue 0 mpumeHenun JCM c
reabto $usuosormdeckoit onenku CH3, kpaiine HeMHOTO-
YHCACHHBI U KACAIOTCS, B OCHOBHOM, HCCAGAOBAHUH PH3HO-
AOTO-TUTHEHUYeCKUX XapAKTEPUCTUK CPEACTB HHAUBHAYAAD-
Hoi1 6ponesamuts! 2] 1 CU3 ot xumuaeckux paxropos [3]
CIIEIMAAUCTOB 9KCTPEMAAbHBIX Ipodeccuil. Pe3yabTarsl ap-
FOCITMPOMETPHYECKUX HCCACAOBAHUI BCTPEYAIOTCS TAKOKe B
IyOAMKAIMAX, KACAIOIIUXCS MEAMKO-0MOAOTHIECKUX UCIIBI-
tarmit [13 [4, S].

B oAHOIT 13 paboT Ha IIpuMepe H3ydeHus PU3HOAOTO-3p-
FOHOMHYECKHX XapakTeprcTuk Mopeaeit CHI3 namu Ob1aa po-
Ka3aHa HAA@KHOCTD 1 00beKTHBHOCTD MeTopad D CM, oTsirya-
IOINMX BBIIIOAHEHHE TPYAOBOM AEATEABHOCTH CIIEIIHAAMCTOB
9KCTpeMaAbHBIX Hpodeccuit. FiccaeAOBaHMS MOATBEPAUAH,
YTO B IIPOLIECCE TPYAOBOM AEATEABHOCTH, CBA3AHHOM C BBICO-
KOMHTEHCHBHBIMU AMHAMUYECKIME HATPY3KAME AOOPOBOAB-
11eB, HCIIOAb30BaHue Mopesert CH3 ¢ Hamboabmer Maccon
IPHUBOAUT K HeraruBHbIM usMeHeHuaM QPC opranusma, 4ro
XapaKTepH3yeTCsl yMeHbIIeHHEeM AeTOYHOM BeHTHAAL MK (AB)
(na 13,3%), yBeAMdeHNEM YaCTOTHI ABIXaTEABHBIX ABYDKEHHIT
(YAA) (ma 5,2%) u sneprorpar (#a 33,3%) A06POBOADLIEB.

B mocAeAyIOImUX HCCACAOBAHMSX B YCAOBHSIX AabOpaTop-
HOU MOAEAU AESITEABHOCTH PAbOTHHKA GU3MIECKOTO TPYAQ C
npumeHenuneM MeTopa OCM HaMu ObIAa HCCAEAOBAHA PUBHO-
Aorudeckast 9¢pGeKTHUBHOCTD ABYX HmpoToTunos [13.

B opHOM M3 MCCAeAOBAHMI M3Y4aAH QU3UOAOTHYECKYIO
a¢pexruBHOCTD MpoTOTHIA ITD «Exochairs, mpesHasHaveH-
HOTO AAS yMEHbIIEHHs HeTaTUBHOTO BAMSHUS CTaTHYeCKUX
HArpy30K Ha OIIOPHO-ABUTATEAbHBIH AINAPaT PabOTHUKOB $pu-
3MYECKOTO TPYAQ, B YACTHOCTH, IIPU MOAAEPXKAHHUH paboyert
O3Bl «CTOS>. Pe3yAbTaThI HCCAGAOBAHMSA MOKA3AAH CHIDKE-
Hue Hanpsokerns KPC, xapakrepusyromeecs yMeHbIIeHHEM
YCC (na 10,5%), sbixateaproro kospdunmenta (AK) (ma
2,7-5,1%) u aneprorpar Ao6posoables (Ha 6,9%) mpu Mo-
AEAMPOBAHHH IPOU3BOACTBEHHBIX OLIEPALIUIl C IPUMeHEeHueM
nporoTtumna I15.

B ApyroM aHaAOTMYHOM HCCAGAOBAHHH OblAQ M3yUeHa Pu-
auoaorudeckast sppexruBHOCTS Hpororuia [T «ExoAtlants,
HPEeAHA3HAYCHHOTO AASl YMeHbIICHHUs HeTaTUBHOTO BAMSHIS
CTaTOAMHAMHYECKUX HAaIPY30K, CBSA3aHHBIX C IIOABEMOM Ipy3a
1 HaKAOHaMH KopIryca, Ha OAA paGOTHHKOB, B TOM YHCAE IIPH
HOAAEPIKAaHUY PabOodel T03bl «B HAKAOHE». KaK 11 B IpeAbIAy-
II}eM MCCAGAOBAHUH IIPH MOACAUPOBAHHH IIPOU3BOACTBEHHBIX
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omeparuit ¢ mpuMeHeHHeM npororumna 10 HabAOAaAY CHU-
xenne Hanpsokenust KPC: ymensmenne YCC (na 9-13%),
camxenue VO, (a 10-20%), MET na (9-16%) u snepro-
Tpar (Ha 22-35%) AOGPOBOABLEB.

IIpumenenue meropa ICM mo3BOAMAO 3aperucTpHpo-
BaTh ocHOBHbIe mokasarean KPC, B Tom uncae AB, HAA,
4YCC, AK, VO,, MET u sHeproTpaThl 4eAOBeKa KaK B HATyp-

HBIX YCAOBHX, TaK U B Aa60PaTOPHbIX YCAOBHAX IIPU MOAEAH-

POBaHUU TPYAOBOH AEATEABHOCTU M IMO3BOAHAO CHOPMHpO-
BaTb 00bEKTHBHOE 3aKAIOUeHHUe 0 cTeneny HanpspkeHust KPC
JeAoBeKa Ipu ucroab3oannu M CH3 u I19 ¢ pazamynsiMu
MacCOrabapyUTHBIME XapaKTePUCTHKaMU. TakuMm 06pasoM,
npumeHenre JCM Kak U30AMPOBAHHO, TaK U B KOMIIAEKCE C
APYTUMH METOAAMY, IIO3BOASIET PeIlaTh 3aAa4H, KACaloI1ecs
MeAuKo-6moaoruueckux ucnsrranuit CU3 u I13.
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