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PE3IOME

OUEHKA XMPOBOM MACCHI TEAQ MPEACTABASET COBOM BAXHEMLLMI KOMMOHEHT B CUCTEME MOATOTOBKM CMTIOPTCMEHOB, MIPASs KAIOYEBYIO POAbL
HE TOALKO B GDOPMUPOBAHMM TPEHMPOBOYHbIX MPOMPAMM M PA3PADOTKE MHAUBUAY QAbHBIX AMETUYECKMX PEKOMEHAQLIMH, HO U SBASSCh MPEAMETOM
HQY4YHOIO MHTEPECA B TAKMX AMCUMIAMHAX, KOK CMOPTUMBHAS QHTPOMOAOIMS, AHATOMMS M CMOPTUBHAS MEeAMLMHA. Cpear MHOroobpasms
CYLLIECTBYIOLLIMX METOAOB OMPEAEAEHUS COCTABA TEAQ KAAMMEPOMETPUS MPOAOAKAET 3AHUMATE OCOB0E MOAOKEHME BAAroAQpPs CBOEH
npocToTe, MOBMALHOCTH U AOCTYMHOCTH, 4TO AEAQET €€ HE3AMEHUMbIM MHCTPYMEHTOM B MPAKTHMKE CMOPTHUBHbIX CrELUMAAMcToB. OAHAKO
2P EKTUBHOCTb AQHHOTO METOAQ B 3HAYUTEALHOM CTEMEHM 3ABUCUT OT KOPPEKTHOCTH MPUMEHSEMBbIX MPOTHOCTUYECKMX YPABHEHMH,
pPa3paboTka KOTOPbIX TPAAMLMOHHO OCHOBBIBAETCS HO KOHKPETHbIX BbIGOPKAX UCTITYEMBIX, YTO CO3AQET CYLLIECTBEHHbIE OMPAHUYEHUS NPu
paboTe C PA3AMYHbIMU KATETOPHIMM CITIOPTCMEHOB. B CBS3M C 3TUM OCODBYIO 3HAYMMOCTb MPMOBPETAIOT AQALHENLLME HAYYHbIE M3bICKAHMS,
HAMPABAEHHbIE HQ PA3PABOTKY CMELUMAAMIUPOBAHHbIX YPABHEHUM, YIMTbIBAIOLLMX MOPGPOGDYHKLMOHAALHBIE OCOBEHHOCTHM MPEACTABUTEAEH
PA3AMYHbIX BUAOB CMIOPTA.

OCHOBHO/ LLeAbI0 HOCTOSLLETO 0630Pa SBASIOTCS MOUCK, QHAAM3 M OTOOP CYLLECTBYIOLLMX MPOTHOCTUYECKMX YPABHEHUI AAS OLLEHKM KXUPOBOM
MACCBI TEAQ, KOTOPbIE BblAM Gbl MOKCMMAABHO QAQMTUPOBAHBI K OCOBEHHOCTIM CMTOPTCMEHOB PA3AMYHBIX CMELIMAAMIALMHA.

KAKO4YEBBIE CAOBA: COCTAB TEAQ, QHTPOMOMETPUS, CMIOPT, XUPOBAS MACCA, KAAMMIEPOMETPMUS.
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Predictive equations for calculating athletes’ body fat mass
using caliperometry: a narrative review
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SUMMARY

The assessment of body fat mass is an essential component in the training system of athletes, playing a key role not only in the formation of training
programs and the development of individual dietary recommendations, but also being the subject of scientific interest in disciplines such as sports
anthropology, anatomy and sports medicine. Among the variety of existing methods for determining body composition, caliperometry continues to
occupy a special position due to its simplicity, mobility and accessibility, which makes it an indispensable toolin the practice of sports professionals.
However, the effectiveness of this method largely depends on the correctness of the applied predictive equations, the development of which
is traditionally based on specific samples of subjects, which creates significant limitations when working with different categories of athletes. In
this regard, further scientific research aimed at developing specialized equations that take into account the morphofunctional characteristics
of representatives of various sports is of particular importance.

The main purpose of this review is to find, analyze, and select existing predictive equations for estimating body fat mass that would be maximally

adapted to the characteristics of athletes of various specializations.
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AKTyalbHOCTB

IMponent xuposoit maccs Tera (QKMT) siBisieTcs: BaXHBIM
rapamMeTpoM B olleHKe 3((HeKTUBHOCTH pabOTHI TpeHepa,
CHOPTHBHOTO HYTPHUIIMOJIOTA, & TAKXKE JTAaHHBIH KOMITOHEHT
SIBIISIETCSl 0OBEKTOM HMCCJIEOBAaHUH CHOPTHUBHON aHTpPO-
IIOJIOTUH, aHaTOMHUH ¥ MeAUIMHBEL. KpoMe cBsi3u ypoBHS
JKMT co 3nopoBbeMm [1], oOHapyXuBaeTCsl 3aBUCHUMOCTD
paboTOCIIOCOOHOCTH CIIOPTCMEHA OT IPOIEHTA )KUPOBOU
TKaHH [2], 9TO NOBBIIIAET IEHHOCTD JJAHHOTO IapaMerpa
B o0JyiacTH criopTa u uTHeca.

HecmoTpst Ha OoJbIIIOE KOJIMYECTBO PA3IMYHBIX METO-
noB oueHky JXMT, kanunepoMeTpus siBIsieTcss Hanbomee
MIPOCTHIM METOJIOM, KOTOPBIH SBIIIETCS OE30MMacHBIM U MO-
OWJIBHBIM (B CPaBHEHHMH C JByXdHEPreTHUYECKOH pEeHTTe-

HOBCKOM abcopOrmoMerpueii) 1 MeHee 9yBCTBUTEIBHBIM
K M3MEHEHMSIM YPOBHS JKHKOCTH B OpraHu3Me (B CpaBHEHUH
¢ OMOBJIEKTPUYECKUM UMITCITAaHCHBIM aHaJIM30M), UTO JeIaeT
KaJIMIIEPOMETPHUIO JIOBOJIBHO MPaKTUYHBIM CIIOCOOOM ISt
onenku XXMT.

[TpoGnema 3akiro4aeTcst B TOM, 4YTO TOYHOCTh YPaBHEHHUS
ripu pacyere JKMT 3aBUCHT OT TOTO, Ha Kakoi BEIOOpPKE 3TO
ypaBHeHHe ObU10 pazpaboTaHo [3], mo3TOMY HE BCe ypaBHEHHUS
MOT'YT TOJXOJUTh JJIsl HCIIOJIB30BaHUs IIpH paboTe ¢ mpescTa-
BUTEJIIMU TOTO WX UHOTO BHJA CHOPTA.

Hcxonst n3 3T0T0, LENBIO IAHHOTO 0030pa SIBIISETCS IOMCK
1 0TOOp NMPOTHOCTUYECKUX YpaBHEHUH st pacueta XKMT,
KOTOpBIE MOTYT IPUMEHSTHCS IPH paboTe CO CIIOPTCMEHAMH
pa3NIUYHBIX BUAOB CIIOPTA.
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Tabamua 1

YpasHeHus AAs pacyeTa )KMpOBOﬁ macchbl TeAad 6e3 HCNOAb3OBAHUA MAOTHOCTH TEAd

ABTOpbI, FOA CkAaaku (AaT.)

Reilly 1 coasr., 2009 [8] Mid-thing, Abdomen, Triceps, Medial calf

. Triceps, Subscapular, Biceps, Abdomen,
S 214 GetT, 205D 7] Thigh, Medial Calf, Supraspinale
AONATKA, TOULLEMC, HOAOCTHASA, MPIMAs
e, 198 1Y) MBILLILLO XXMBOTA, 6EAPO, FOAEHD
P
Cheek, Pectoral I, Pectoral ll, Triceps,
Subscapular, Abdomen, Supraspinale,
Mid-Thing, Medial calf

Eston, 2009 [3]

Evans 1 coasr., 2005 [11] MPAMAs MbILLLLA XMBOTA, BEAPO, TpULLenc

Stewart u Hannan, 2000 [12] MPIMaR MBILLILLA XMBOTA, BEAPO

Tpuuenc, AonaTka, NPAMAS MbILLLLO
XMBOTQ, NEPEAHAS MOAB3AOLLHASA OCTb,
6€eApoO, rOAEHb

Yuhasz, 1962 [13]

XM, % = 5,174+(0,124xKXCy) +(0,196XKXKC;)+

KM, k

YpaBHeHHne MpoTokoA

+(0,147xKXKCy) +(0,130xKXC;) Eston v Reilly, 2009 [5]

XM, kr =0,16xMT-8,78xlogrK>XC-1,83x1-32,77 ISAK [6]
A'x5,85+25,6
KM kr = 170,18AT)3 Carter v Heath, 1990 [4]

KM, % (>keHLLmMHbI) = 39,572%log(ZKXC)-61,25

KM, % (mykamibl) = 22,32x10g (EKKC)—29 Eston v Reilly, 2009 [3]

KM, % = 8,997+(0,24658xKXC)—-(6,343xM) ASRM. 1998 [7]

¢ = (331,5K+356,2xB+111,9xMT-9108)
1000

ASRM, 1998 [7]

KM, % (MyxanHbl) = (0,1051xIKXC)+2,585
KM, % (keHLwmHbl) = (0,1548xIKXC)+3,580

MpumeyarHue: XM - xunposas macca Tead; KXC — KOXKHO-KMPOBAS CKAAAKQA; b — ckAaaka Ha Beape; T — CKAQAKO HA TPEXTAQBOM MbILLILLE MAEYQ;
K — CKAQAKQ HO MPSMOM MbILLILLE XXMBOTQ; I — CKAGAKQO HA rOAeHU; AT — AAMHA TeAQ; T — NOA (KEHLLMHbI = 0, My>XX4MHbI = 1); 2 — NPOTOKOA 3axBaTa KXC
He oNMCaH B paboTe; MT — MaCCaA TeAQ; * — AAS MCMOAB3OBAHMS YpaBHEHM: Kerr 1 coasT. [10] TpebyeTcs AOMOAHUTEAbHBIM PACHeT:

A = [ZKKCX(170,18/AT))~116,41
34,79

OCHOBOI1 OLIEHKH IPOLIEHTA KUPOBOW TKaHM IIPU TIOMO-
Y KAJIUIIEPOMETPUH SBJISIIOTCSI IPOTHOCTUYECKHUE ypaB-
HEHHsI, KOTOpbIe BEICUNTHIBAIOTCS HA OCHOBAHHMH JIPYTUX
METOJIOB (IBYX9HEPreTHUECKOH PeHTIeHOBCKOH abcopO1no-
METpPHH, MarHUTHO-PE30HAHCHOI ToMorpaduu 1 T.11.) ¥ I10-
JIy9EeHHBIX U3MEpPEHUH KOXHO-KUPOBbIX ckiiagok (KXKC),
YUCIIO0 KOTOPBIX MOXKET BapbupoBarh oT 2 a0 10. ITpuuem
metox 3axBara KJKC u ee pacnosoxeHue 3aBUCHT OT PEKO-
MEH/IallUi, KOTOPBIMH PYKOBOACTBOBAJINCH aBTOPHI ypaBHE-
Husl. Takne pexomennanuu Opin onucansl Carter n Heath
B 1990 r. [4], Eston u Reilly B 2009 r. [5], a Tak:ke HCTIONb-
3yIOTCSI IPOTOKOJIBI, Pa3padOTaHHbIE OPraHU3AUSIMU (CM.
nipuwitoxkenne). Cpeiu HUX peKOMeHIaluy MesK1yHapOIHOTO
o01ecTBa pa3BUTHs KMHaHTporioMeTpun (aHr. International
Society for the Advancement of Kinanthropometry, ISAK)
[6], cnpaBOYHUK IO aHTPOTIOMETPUUECKON CTaHAAPTU3ALUU
(anrn. Anthropometric Standardization Reference Manual,
ASRM) [7], pekOMeHIauu MEXAYHAPOIHOW OHOIOTrHYe-
ckoii mporpammsl (anri. International Biological Program,
IBP) u pexomenmanuun AMepUKaHCKOTO KOJIIEIKa CIIOp-
TuBHOU Menuiuebl (aHra. American College of Sports

Tabamua 2
YpaBHEHUs, ICMOAb3YIOLLME MAOTHOCTb TEAQ

ABTOp, oA YpaBHeHue
Siri 1 coasr., 1961 [14] KM (%) = 425 )-450
Keys n Brozek, 1953 [15] KM (%) = 100(%)

Matiegka, 1921 [16] KM (kr)J=d x§ x 1,3

MprmeyaHme: XM — xnposas macca; d — MAOTHOCTb TEAQ; S — MAOLLLIOAb
Teaa. AAR pacyeTa nAoLLaam Teaa Matiegka npeaaaraet caeayoLiee
ypaBHEHWE: S(M2) = 71,84 x MT0425 x ATO.725

, rae KXC — KOXKHO-XKMPOBAS CKAGAKA, AT — AAMHQ TEAQ.

Medicine, ACSM). [TosToMy, Ipexae 4eM UCIOIH30BaTh
MIPOTHOCTHYECKYIO MOJIEIIb, HEOOXOIUMO MOHSATD, KaKH1e
MMEHHO PEKOMEHaluu coOoaanuch Ipu pa3paboTke
JIAaHHBIX YpaBHEHHH.
Camu ypaBHEHUS YCIOBHO MOKHO pa3JeiUTh Ha JIBE
TpYIIIBL:
1) ypaBHeHHs, KOTOpBIE cpa3y paccunthiBaroT JKMT;
2) ypaBHEHUSsI, JUI NCIOIB30BAaHUS KOTOPBIX HEOOXOANMO
paccuuTaTh INIOTHOCTD Tea.

B mabnuye I npeacraBieHbl ypaBHEHUs IEPBOI TPYIIIIBL.

Bropas rpynmna ypaBHeHHH — TpeOyIommue pacyera 1mioT-
HocTH Tena (maban. 2).

D¢ ¢PeKTUBHOCTH JAHHOTO MOJX0/1a 3aBUCUT OT TOTO,
KaKoe ypaBHEHUE JJIsl pacyeTa IUIOTHOCTH Tejia ObLIO
HCIIONBb30BaHo. Takoil MeTox M03BOJIsIET KOMOMHUPOBATh
ypaBHenwust s pacyeta JKMT u ypaBHeHHs 115 pacyeTa
wioTHocTH Tena. K npumepy, ypaBHeHue Siri U COaBT. 4acTo
HCIIOJIB3YETCs BMeCTe ¢ ypaBHeHUsIMH Durnin 1 Womersley
[17] nunu Ball u coart. [18], utro nemaet ero Oonee Bapu-
aTUBHBIM: YpaBHEHUE MOXXHO BBIOpaTh B 3aBUCHMOCTH
ot ucnoibszyembix pekomennanuii (ISAK, ACSM u 1.11.),
KOJIMYECTBA CKJIAJIOK | T.1. Tak, Hanbosee yacToi KOMOU-
Halel sBIsroTes ypaBHeHus Matiegka st pacuera IDKT
¥ IJIOTHOCTH TeJIa, a TaK)Ke KOMOWHAIMU ypaBHEeHUH Siri
quig pacuera JKMT u ypasuennii Durnin u Womersley ninu
Jackson u Pollock [19, 20]. lanHble ypaBHEHUS NpEACTaB-
JICHBI B mabnuye 3.

Bce 3TH ypaBHEHHSI HCTIOB3YIOTCSI aBTOPAMH MCCIIEIOBAHNIMA
qutst pacyera JKMT y ciopTcMeHOB pa3inyHBIX BUIOB CIIOpTa
(mabn. 4). Tak, ypaBHenue Kerr u coasr., Reilly Obutn paspa-
6otanbl 1711 PyTOOIMCTOB, OIHAKO TAKXKE HEIJIOXO celst 3ape-
koMeHaoBaH rpu pacaere JKMT Bosei0oarcToB. YpaBHeHNEe
Matiegka, HecMOTps Ha TO YTO He OBUIO PACCYMTAHO Ha CIIOP-
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Tabamua 3
YpaBHeHHs AAS pACYETA NAOTHOCTH TeAd

ABTOpBbI, FOA CkAQAKM YpasHeHue MpoTokoA
Lohman, 1971 [21] TS, AO”‘;:;’(;?(?”MG" (e d=1,0982-0,000815xIKXKC+0,0000084x (TKXXC)2 2
d (MY>X4MHbI):
17-19 AeT = 1,1620-0,0630% (logKXC)
20-29 aet = 1,1631-0,0632x (logrKXC)
Durnin u Womersley, buuenc, Tpuuenc, aonartka, 30-39 AeT = 1,1422-0,0544x (logiKXC) 2
1973 [17] NMOAB3AOLLHbIM TpebeHb d (KEHLLMHBI): j
17-19 AeT = 1,1549-0,0678x (logKXC)
20-29 aet = 1,1599-0,0717x(logrKXC)
30-39 AeT = 1,1423-0,0632x (logzKXC)
EMLLeI'IC, ToUuenc, NPeAnAeybe, AONATKA, TKXC
Matiegka, 1921 [16] NPAMAS MbILLILLO XXMBOTA, BEAPO, TOAEHD, d= i 2 2
TPYAb (TOABKO MY>K4MHBI)
Jackson v Pollock. 1978 My>UMHBI: NPAMAS MbILLILLO XMBOTA, d (keHLmHbI) = 1,099421-0,0009929xXKXXC+0,0000023
, 2_
T rPYAb, 6€APO C30AM xXKXXC?-0,0001392xB ACSM

KEeHLLMHbI: TpULLEeNC, NOAB3AOLLIHAS
[19,20]
CKACAKQ, BEAPO C30AM
Ball v coasr., 2004 [18] Pectoral, A><|Ilq, Triceps, Mid-thing,
Suprascapular, lliac crest, Abdomen
Forsyth u Sinning, 1973

[22] MPAMAs MbILLLLA XMBOTA, AONATKA

Piechaczek, 1975 [23] Tpuuenc, NPIMAs MbILLILLA XXMBOTA

Riyahi-Alam, 2017 [24] Subscapular, Triceps, Axilla

d (My>xymHbl) = 1,109380-0,0008267*XKXXC+0,0000016
xIKXKC2-0,0002574%B

d (My>xX4nHbI) = 1,112-0,00043499xXKXKC+0,00000055
xIKXC2 -0,00028826 %B

d =-0,0115xInA-0,00032xT-0,00032x[1A
~0,0000005xMMT3+1,11214

Eston 1 Reilly, 2009 [5]

d =1,02415-(0,00169xA)+(0,00444xAT)~(0,0013xX) 2

d =1,125180-0,000176*logT-0,000185xlogX 2

Eston u Reilly, 2009 [3]

MpumeyaHme: d — NAOTHOCTb TeAd; KXXC — KOXHO-KMPOBOS CKAGAKQ; | — YUCAO CKAQAOK (MY>XX4MHbI = 8; XXEHLLMHbI = 7); B — BO3PACT; A — CKAGAKQ MOA AO-
narkom; AT — AAMHA TeAd; XK — CKAQAKA HO MPSMOM MBILLILLE XMBOTQ; T — CKAQAKO HO TDEXTAGBOM MbILLILLE MAEYA; MA — CKAOAKT HO MOAAOMATONHOM AMHMM;
MMT — MHAEKC MACChI TEAQ; 2 — MPOTOKOA 3axBaTd KXC He onucaH B padoTe. OCHOBHbIE CKAQAKM U UX PACTIOAOXKEHUE NMPEACTABAEHbI B MOUAOXKEHMM.

TUBHOH KOTOpTE, TOIXOAUT sl (yTOOIHCTOB, OOAHOMIICPOB
u nay3pruTepoB, ypaBHeHue Evans u coaBT. Xopomro ce0s
ITOKa3aJio B paboTe ¢ OOPIIaMU, MPEACTABUTEIIIMHU HTPOBBIX
BUJIOB CIIOPTA, a TAK)XKe BUIOB CIIOPTa HA BBIHOCIUBOCTS [25].

3akn04eHue

Kanunepomerpus, HeCMOTpsI Ha €€ BO3pacT, BCe eIle 0CTa-
€TCs JJOBOJIBHO MOITYJISIPHBIM METOJIOM JUIsl OLIEHKH COCTaBa
TeJa CriopTcMeHoB. Ha 1aHHbIH MOMEHT B JIMTEpaType OIHCaHO
MHOKECTBO ITOAXO00B s pacuera JKMT npu nomomny Kanu-
Tiepa, OJJHaKoO He BCE YPaBHEHHUS MOTYT OBITh 3()()eKTHBHBIMH
IIpH paboOTe CO CIOPTCMEHAMH HJIM MCCIICAOBAHUAX HA HUX.
B Hacrosimem 0630pe coOpaHbl ypaBHEHHsI, KOTOPbIE OBbLIH
pa3paboTaHbl Ha CHOPTCMEHAX WIJIM XOPOIIO ceds MoKazain
B MICCIIEZIOBAHUSX C UX YUaCTHEM.

Tak, mis ¢pyTOona u Bosieiibona HanboJIee MOIXOs-
LIMMH YPaBHEHUSIMU SIBIAIOTCA ypaBHeHus: Matiegka, Siri
u Jackson&Pollock, Siri u Durnin& Womersley, Reilly u coasr.,
Kerr, Evans u coasrt., Siri u Forsyth&Sinning, Keys&Brozek
u Ball u coasr., a Taxke Eston. B Bunax cnopra Ha BeIHOC-
mBocTh: Siri nim Keys&Brozek u Ball u coasr., Evans u co-
aBT., a Takxke Stewart&Hannan. B cuiioBbIx Busiax cropra
(mays>piaudTuHr 1 60oauOMmIIMHT): Siri u Jackson u coasT.
(Jacksom&Pollok), Yuhasz, Matiegka, Siri u Lohman. B 6ops-
6e: Siri mm Keys&Brozek u Riyahi-Alam, Evans u coasr.,
Siri u Jackson u coasrt. (Jacksom&Pollok), Siri u Durnin&
Womersley. B muraBanuu — Mitchell u coabr.

AniexBaTHBIN OA00p MPOrHOCTHYECKHUX YPaBHEHHUI MOXKET
CHU3HTDH BEPOSITHOCTH OIIMOOYHBIX PE3YJIBTATOB, a TAKXKE

Tabamua 4
3cheKTUBHOCTb NPMMEHEHUA MPOrHOCTUYECKMX yPABHEHMH
B UCCAEAOBAHUSAX HO CMOPTCMEHAX

Buabl cnopta YpaBHeHus CcbliAkM
Matiegka, Siri + Jackson&Pollock,
PyT6OA Siri + Durnin & Womersley, Reilly, [25, 26]
Kerr, Evans, Eston
BOAGIHGOA Forsyth, Siri + chkson&PoIIock, [25, 27]
Ball, Durnin, Evans
I PeIeRE, TRKET:@, Ball, Evans, Stewart [25, 28, 29]
ABDKHbIE TOHKM, BEAOCTOPT
BOAMBUAAMHT, Jackson, Yuhasz, Matiegka,
[30-33]
NAY3PAUCDTUHT Lohman
Bops6a Rlyohl—AIor‘rg quns, Jackson, [24, 25]
urnin
MAcBaHME Mitchell 9]

MO3BOJIUT CIIOPTUBHBIM BpadaM M HYTPHUIHOJIOTaM Goee
KaueCTBEHHO OLICHUBATh COCTOSIHUE OpraHH3Ma CIIOPTCMEHA
B Pa3IMYHbIX CHUTYaLHsX, OAHAKO TPEOYIOTCS YpaBHEHUS IS
JPYTUX BHAOB CIIOPTA.

JonmoTHUTEeIbHbIE MATEPHAJIBI: OMIHMCAHHBIC PYKOBO-
JUIIMEe TPUHLUIBL U TPOTOKOIb! 3aMepoB KIXKC (maba. 1, 3)
IIpeICTaBJIeHbI B IPHIOKEHHUH 110 cebuike: https://disk.yandex.
ru/d/EhEjqL8KILL 1kw
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