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OCHOBbI KWHETUKW

CKOpOCTb peakuum -
N3MEHEHNE KOHLEHTPpaLUN NCXoQHOro
coeanHeHusa [A] (ybbinb) nnu
KOHeYyHoro npoaykra [P]
(0bpa3oBaHMe) BO BPEMEHM

v = -d[A]/dt = d[P]/dt



MoneKkynapHOCTb U NOPAAOK
peakuunu

MonekynsapHOCTb — KONTM4YECTBO

MOJEKyJ1, y4acTBYHOLUX B peakuum

- MOHOMOIEKYNApHas
- BumonekyndapHas
- TPUMONEeKyNapHas peakuuns

[Mopapok peakuuu
- NoKasaTenb CTEMNEHM NPU KOHLUEHTpaLnn
pearnpyroLwmx BEWECTB B YypaBHEHNN CKOPOCTHU
peakumu

- 0bwul rnops0oK

- [TOPSIO0K 110 OOHOMY U3 COEOUHEeHUU



[Topsanok peakuun

MoneKkynsapHOCTb U NOPAAOK
peakuumu

Peakuna nepBoro nopsaka
A—P
v = K*A] = K*([A.] = [P])

Peakuna BTOpOro nopsaka
A+B—->P+Q
v = K*[A][B]

A+A—P
v = K*AJ2



[Topsanok peakuun

MoneKkynsapHOCTb U NOPAAOK
peakuumu

Peakuuna HyneBoro nopsaka
CKOPOCTb peaKuun He 3aBUCUT OT

KOHUEHTpauumn BeLwlectsa ©

MonekynsapHocTb # 0




OEPMEHTATUBHAA
KUHETUKA



KuHemuka gpepmMeHmamueHbiIx
peakuuu

e «Kunemuka — oucuuninuna
MAUHCMEEHHAA U MOZYULECMBEHHAA ...»

— J1. Komuiana mJi.

o «Xopouto pazoupanace 8 0CHOBAX
hepmenmamueHnoil KUHEMUKU MOMCHO C
JIE2KOCHIBIO OPUCHMUPOBAMBCA 80 8CEX
gonpocax Imou HayKu.»

— J. Kopuuu - boyaen
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KatTanus

ABNIeHNEe YCKOPEHUA XMMUNYECKOIO
npolecca B NpUCyTCTBUMU
OOMNOSNTHUTENbHbLIX COeANHEHUN
Ha3bIBalOT Katann3om, a camMmo
coeNHEHME - KaTann3aTopom

buokaranus
YCKOpEeHMe npoLeccoB B NPUCYTCTBUN
Bnornornyecknx Monekyr



KATAJIN3

KatanusaTtop HE BJINAET Ha

KOHCTaHTy paBHoBecusa peakunmn!!!

nockornbky yckopsieT kak MPAMYIO,
Tak n OBPATHYIO peakuuto.



MUHUMATIbHASA OBLLAA CXEMA
OOHOCYBCTPATHOW
®EPMEHTATUBHOW

PEAKLUUU

1

E+S & ES 2 EP<2E +P

K., K,



K, k

E +S 22 ES/2EPEE +P

1 K.,

PEAKLUUA B PEXXUME HAYATIbHON CKOPOCTM
—[P]=

Cxema npunobpeTaet cneayrowmmn sma

E+S & ES “EP “>E+P

-1



E+S 2 ES SEPSE+P o

-1

B cxeme (1) KaTanuTn4yeckas KOHCTaHTa
fIBNsieTCA KOMOMHaLuen KOHCTaHT K, n Kk,
B pexume ctaumoHapa nx otaernbHO
onpeaenuTb HEBO3MOXHO.

Cxema ynpoLwaeTtcs Ao

E+Se2 ES S E+P

-1



®PEPMEHTATUBHAA KUHETUKA

OCHOBHbIE NMOCTYIJIATDbI
E+S2 —> > ES > E+P

1. E, — obLwana koHueHTpauusa gepmeHTa,
E, ES koHueHTpauun doepmeHTa n depMeHT-
cybcTpaTHOro KOMnnekca B Xxo4e peakymm
Sp 'S — HavanbHaga n TekyLasa KoHUeHTpauun
cybcTpaTta

2.S,>>E, S,=S

3. NpuHumMn ctaymoHapHoOCTH

dES/dt =0.



CnpaBeanmBoCTb AOMNyLEHUSA
CTaUMOHAapPHOro pexxnva
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ABTOPblI YPABHEHUA MUXASJINCA - MEHTE

Mopa MeHTeH JleoHop Muxaanuc
(1879-1960) (1875-1949)

16



®EPMEHTATUBHAS KUHETUKA
BbiBoa ypaBHeHUA Muxaanuca-MeHTeH

E+Sz2 ES“E+P

CKoOpoOCTb peakuuu
v = K,*ES

dES/dt = 0 = k,*E*S, - (K, + k,)*ES
E,=E+ES E =E,-ES



®EPMEHTATUBHAS KUHETUKA
BbiBoa ypaBHel-wm Muxaanuca-MeHTeH

E+S2ES>E+P

CKOpOCTb peakuum v = kK,*ES
dES/dt = k,*E*S, - (k_, + k,)*ES =0
E,=E+ES E =E,-ES
Ki*(Eg = ES)*Sy = (k. + kp)*ES
K *ES*S, + (K, + K,)*ES = k,*E*S,
ES = Ki*Eg*So/(k1*Sg + (K1 +Ky))

V = K*ES = K"K Eg"Sol (K1 *Sg + (K1 + Ky)) = K"Eg*So/((K.y + Ko)IKy) + Sp)
V = Ky Ep"Sol(Ky + So) Vinax™ K2"Eq - Ky = (K + Kp)/ky

V= Vmax*SO/(KI\/I + SO)



A novel derivation of the Michaelis-Menten equation based on singular value
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MEXICO

The Michaelis-Menten (MM) equation is traditionally derived by taking a quasi-steady
state assumption (QSSA) for the intermediate complex or a chemical equilibrium
assumption for the substrate. The validity of these assumptions has been subjected to
intense research in recent decades, where the use of tools from singularly perturbed
systems has played a central role. The present work aims to explore an approach to
derive the MM equation from a singular value decomposition (SVD) analysis of the MM
kinetics. The idea is to consider singular values as scaling factors to convert the MM
equations into a singularly perturbed system. The results showed that the MM equation
can be obtained from the boundary-layer system for sufficient separation of the time
scales represented by singular values. Such a boundary-layer system can be
interpreted as resulting from a linear combination of the traditional complex QSSA and
substrate equilibrium assumption (SEA). The SVD methodology combined with results
from singularly perturbed systems can be used for extended MM kinetics. To this end,
the case of the autocatalytic MM kinetics was considered a worked example.
Numerical examples were used to illustrate the theoretical findings.
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JKCnepuMeEHTaribHbIU MPUMEpP 3aBUCUMOCTU CKOPOCTU
peakuuun, Katanmsmpyemoun popmMmmataoerngporeHasoun,
OT KOHUEeHTpauum doopmmaT-moHa
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Buktop AnekceeBu4 AHpu
(1872-1940)

1903 r. 3awumTta gucceptaummn «Perynsaumsa doepMeHTaTUBHbLIX NPOLECCOB22



KuHemuka gpbepmeHmamueHo20
KamaJsJiu3a
« Cxema n ypaBHeHue AHpU

. MexaHHU3MBbI Pa3IHYHEI
(o]

Vo= KaKa oS Muxasmc (E+S == ES

0 So
ﬂ

OKCIEPUMEHTAIbHO Ta XK€ 3aBHCHMOCTb HAYaILHOMN AHpI/I E+S == ES
CKOpPOCTH OT KOHI.IGHTP&LII/II/I CYGCTpaTa, YTO U B cnyqae E + s —— E + P
cxeMbl Muxasmnuca .

CraunoHapHOE NPHOIMKEHHE HE OaeT BO3MOKHOCTH
OUCKPUMHUHHAPOBATE 3TH MEXAHU3MBI



IlnHeapusauusa ypaBHeHUS
Mwnxaannca-MeHTeH

5 Ky - 3 " KoopauHarhl
T + V '’ XeWiHca-Bynbda
p—V —. Hf"’l 2 b KoopauHaThl

8 Nan-XodcTu

KoopauHaThl
NNanHyneepa-bepka




KoopauHatbl Ign-XodcTtn

Hakaon =—Ky

VK

v/s



KoopauHatbl Ign-XodcTtn

HU 3A 4UTO!!! HUKOIOA!!!



KoopanHaTtbl XenHca-Bynbda

Haxaon=1/V




KoopauHaTthl JlanHynesepa-bepka

L d
v ¥ Vs

~1/Ky



[TloyeMy MMEeHHO KoopauHaThI
NNanHyusepa-bepka?

B koopaunHaTtax JlanHymeepa-bepka 3HavyeHua X
Hago 3apgaBaTh kKak PABHbBIE nHTepBansl
vexay OBPATHBIMW koHueHTpaumamn. B
pes3ynerate 3Ha4YeHUa KOHLUEeHTpaunm
HaxogdaTcs B pavioHe Km.

Matctatuctmka anga onpeneneHns napameTpoB
KpUBOW TpebyeT 3agaBaTb 3HA4YeHUA X B
obnactm MakcMumMmanbHOU KPpUBU3HbI. B
ypaBHeHnn Muxaanuca-MeHTeH
MaKCUManbHaga KpMBM3HA MMEHHO MpU
3Ha4yeHunn X paBHomM Km.



Kak yMeHbLNTb OLLNOKN 3Ha4YeHnn Y B
OBOWHbIX 0OpaTHbIX KoopanHaTax?

* [1lpoBOAUTL OOCYHET C yYETOM
CTaTUCTUYECKUX BECOB

* [pn HU3KMX KOHLEHTPaLUAX cybcTpaToB
Hago JenaTb MO HECKOMNbKO M3MEPEHUI



Kak yMeHbLNTb OLLNOKN 3Ha4YeHnn Y B
OBOWHbIX 0OpaTHbIX KoopanHaTax?

 [poBoanTb 0OCYET C Y4ETOM CTAaTUCTUYECKUX
BECOB

* [1pn HM3KMX KOHLUEHTPaUMAX cydbcTpaToB HAgo0
genatb No HECKOMNbKO U3MepeHUin

- Hapgo nmetb «xopowine pyku». Torga
nony4aroTcA 3Ha4YeHUA CKOpPOCTeU ¢ MarbIMU
owmndKkamMu u Benu4uHbl V n K., oqUHaKoBO
XOpOoLUO onpeAensoTcs B pa3HbIX Metogax ©



[Mpamoun nMHenHbIN rpaduk
(meToa KopHuw-boyaeHa)

Teopus

Puc. 2.7. Ilpamoit mameiantii rpaduk (rpadm sasmcmmocts V ot Km).
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Puc. 10.3. OnpesieneEne OneHOR MeAMaH H3 HPAMOro JNHHEHHOTO rpadERa.



Kak npaBunbHO onpeaensTtb
napameTpbl rmnepoonbi?



Kak npaBunbHO onpeaensTtb
napameTpbl rmnepoonbi?

Ina KoppeKkTHOro onpeaeneHus
napameTpoB runepoonbsl Handonee
ONTUManbHbIM ABNAETCA
ncnonb3oBaHUue
MeToaa HeJrIMHEeNHOW perpeccuu



JKCnepuMeEHTaribHbIU MPUMEpP 3aBUCUMOCTU CKOPOCTU
peakuumn, Katanmsmpyemomn popmmartaerngporeHasoun
OT KOHUEeHTpauum doopmmaT-moHa
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KuHemuka cpepmeHmamueH020 KamaJsiu3sa

Ckopocmu anemMeHmapHbIx cmaoull e
¢gpepMeHmamueHOM Kamarsiuse.

XapaktepHble 3Ha4YeHnsa K. 1 K.

— Bblbopka okono 500 pepmeHTOB. 3HA4YEHUS KOHCTAHT pa3duTbl Ha
rpynnbl ¢ NpUbNM3nTenbHO OANHAKOBbLIMUY 3HaYeHnaMu K 1 K B
npegenax ogHoro rnopsaka, noacynTaHo YMcrio PepMEHTOB B Kaxaom
rpynne. 9TO YMCI10 OTHECEHO Ha obLlee Yncro epmMeHTOB B
BblOOpKe. Takmum obpa3om HanageHa PyHKUKUS pacrnpeneneHmsa
depmMeHTOB OTHOCUTENBLHO NapamMeTpoB K 1 K,

£(x) .
04 i

02F 0.2

T
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| ] I Lo [

0 1 N2 3 q T . - . —p—
1% 10! 10% 10* 10 Keat 10¢ 10° 107 105 10° Ko,
TunuyHoe 3HaYeHHe TunnyHoe 3HayeHue

Keat = 102¢-1 Km=10-M



[TopanokK peakuun B ypaBHEHUM
Muxaanuca-MeHTeH

Vi~

Houaashbl Rakaok = V/Ky,
i, .

05V
S, >> Ky,
v=V

max

| | ]

V=V__ *S/(Ky + Sp)

max



KuHemuka
gpepMeHmamueHo20 Kamaru3a

e [pexcTagunHas cxema peakuumn c
obpa3oBaHMEM aUUNPEePMEHTA - MEXaHU3M
OEVNCTBUA CEPUHOBbLIX MpoTeas

- Xaprim u Kunbu (Hartley, Kilbi, 1951), ucclenys

KHHETHKY THIPOJM3a N-HUTPOGEHHIOBOro 3dupa
YKCYCHOM KMCJIOTBI, OOHADYKHIIU IBE CTAIHH.

PmM

Lo [Ipocrelimee OﬁBHCHEHHe

E+ST EA —> E+P,

YKCyCHAs
KHCTIOTa

0,5f

I1- HHTpocbeHon

11



KuHemuka gpbepmeHmamueHo20
Kamarnu3a

* TpexcTagunHas cxema peakumm C
obpasoBaHMeEM auundepmMmeHTa - MEXaHU3M
OEVNCTBUA CEPUHOBbLIX NpoTeas

CepuHOBbIE  IpOTeasbl  (XHMOTPHICHH,  TPHIICHH, k2>>k3’ kcat=k3
IIIa3MWH, TPOMOHH H IIp.)

JIAMUATUPYET
HpoMexyTouHbIH anuiIdhepMeRT I{eaHHJ’IHpCBaHHE
KS kz k3 |
E+S &—= ES -Tb EA —* E+P,

E—OH P k3>>ko, Keat=ks

E—0—¢—R JIAMUTHPYET
O | ammndepment AllUTHPOBAHUE
Ky-k3 Ks- ks

Keat = 1, 7 ks Kl r ks



[1ByxcybcTpaTtHasa dpepmMmeHTaTMBHAS
peakumsi N0 MEXaHN3MY «MUHM-MOHM

¢ x 3 N Cxema
KnenaHga
Y . Y
E (A F (B
K, [A] K,
E =—=EA —=EP 'Pac Ang
K, BbIBOJA
I%T lkS ypaBHEHUSA
Ks KB] CKOPOCTY
FQ < EB == F' P

peakLum



[1ByxcybcTpaTtHasa dpepmMmeHTaTMBHAS
peakumsi N0 MEXaHN3MY «MUHM-MOHM

k2k3k5k6
K KK + KoK oK + KoKk + KoKk
k3k5k6 (k—1 + kz) [B] k2k3k6 (k—4 + k5)
n Al+[A][B]
okl o) okl I Kol o) ek s L LA

[AIIBJEO]

V =

k, [A] K,

E @ﬁ EA — EP
kT “ ik:% ) K,k kK,
° @ k8] ! kkk+kkk+kkk+kkk
EQ =—— EB =—F' A _ kakekq (K, +K,) |
s " kg (Kokakg + KooK + KoKk, + KooK )’
B I(2k3k6(k—4 +k5)

" K, (KooK, + KoKk + KoKk, + KoKck )



KnHetnyeckne cxembl peakuuu,
KatanusmpyemMbiX NepoKkcnaasou

OnHO3NeKTPOHHOEe OKuUcreHue cybccTpaTta
E+H,O,+2H" - E1+ 2H.,0

El1+S - E2+P

E2+S - E+P



KnHetnyeckne cxemMbl peakuum,
KaTanuanpyemsbix Nnepokcngason

OQHO3NeKTpoHHOe oKucneHue cybccTparta
E+H,O,+2H" - E1+2H,0

E1+S - E2+P

E2+S - E+P

D,ByxaneKTpOHHoe OKUcClrieHme moamna-noHa
E+H,O,+2H" - E1+2H,0

El1+1 — EIOH

E'IOH — E + IOH
HedepmeHTaTBHaAA ctagus

" +IOH— 1, + OH"



YnopsaaoyeHHbin Bi-Bi MexaHn3m C
obpasoBaHMEM TPOMHOIo Kommnrekca

A B P Q
4 A
k) k"'! ko | R=> ky| k-3 Byl ke, Cxema
¥ | KnenaHpa
Y ‘ .
E EA EAB E : . E
(EPQ Q

k1A k2B

—> —> [pac ans
bk <—= kA << EAB BbIBOJA

- k-2 \L k3 ypaBHEHNS
k5\ i CKOpPOCTHU

EQ <« EPQ peakuyun



YnopsaaoyeHHbin Bi-Bi MexaHn3m C
obpasoBaHMEM TPOMHOIo Kommnrekca

V. -A-B
V= A B
A-B+K -B+K - -A+ K,
KoK K . A K k.

Vn Sk rkk rkk, 0 KA=
45 305 34 kl(k4k5+k3k5+k3k4)

k1A k2B <5 _ Kk (k_, +ks)
E = EA & EAB| ™ Kk(kk; +kk, +kk,)
k-1 k-2 i '3
k5\ » <., = K ikoks(k , +ks) A
EQ < EPQ kl(k4k5 +K3Ks + k3k4)




KATAJIN3

Katannsatop He BNUAET Ha
KOHCTaHTY paBHOBECUSA peaKkLuu,
nockosnbky yckopsaet kak NMPAMYIO,

Tak 1 OBPATHYHO peakuuto.



1 Cafke

MEXAHH3MD]
PEAKIIII

B OPTAHHYECKOI
XHMIH

4-e n3g. - M.: "Xummng", 1991 - 448 c.



O.MIIOJITOPAK'ECUVXPAH

DOUIHUKO:
XUMHUHYECKHUE
OCHOBBHBI
OEPMEHTATHBHOTI'O
KATAJIN3A

OJIECH MOJITOPAK,
ENEHA YYXPAW

DU 3NKO-XUMUYECKMe
OCHOBbI
(hepMeHTaTUBHOIO
KaTanu3a




MEXAHU3MbI KATAJTIU3A

[lo TMNY KaTanu3aTopa

1.ToMOreHHbIN KaTanus
2.l eTeporeHHbIN Katanus

Mo xumn4yeckoun n cbmanvyeckoun
npupoae AencTBus

1. AKTUBaUma 3a CHET B3aMMOAENCTBUA C
KaTaJin3daTtopoM

2. KUCNTOTHO-OCHOBHOW (3MeKTPOMUIIbHO-
HYKNeoqouUnbHbIN)

3.ConmxeHne n opneHTauusd
4.9 dPeKT cpeabl



KncnorHo-ocHOBHOU KaTtanus

1.Cneundunyecknn Kkatanms — Kkartanms
noHamm H* n OH-

2.00WnMnN KNCNOTHO-OCHOBHOW
KaTanua - katanms Kucrnotamu v
OCHOBaHUAMM

3.Katanuna kmcnortamm 1 oCHoBaHUAMMU
Jlbtonca



CNEUMDPUYECKUU KATAIINS

Cneyndunyeckmn Kkatanuns — Katanma
noHamm H* n OH-

UacTo HabnogaeTcs B KIiacCU4ecKom
KaTanuse n He pearnma3yeTcsd B
depMeHTaTUBHOM



OowWmn KNCNOTHO-OCHOBHOM
KaTanus

KaTtanmn3 kmcnoramm  oCHOBaHUAMMU

B KadecTBe aKTUBHbIX rpynmn MoryT
BbICTYNaTb rpynnbsl OOKOBLIX paguKanos,
a TaKxke Kucriopo kapoboHuna v asoT
amMmuga OCHOBHOM Uenu.



KaTanus kmucnoramm m oOCHOBaHUAMMU
Jlbronca



Llenb nepeHoca npoToHa
(proton relay system)

His57

Asp102 o . Ser195
—CZ

NO H..-NVN H-—-O—C{—Iz

Hie57 l '
Ser195

Apl02 o \ﬁ
—C N N —H" 'Q—C{—IZ



[Myw-nynbHbIA MEXaHU3M

JInzonum

Llents nepeHoca 3apsna

H+
AspS52)— CH— 4—-——- HOOC——(GI
(Asp52)—COQ 5O _/\ ? (Glu35)
Rj
OOUINK OCHOBHOM KaTaIu3 OOLIMIT KUCIIOTHBIH KATaINu3
IIponykTs!

(Asp52)—COQH HO—CH OH “OO0OC—(Glu35)
R/ \ |
| RZ



KoMObnHupoBaHHbLIN KaTanus-
OO NN KNCNOTHO-OCHOBHOM U Kncnota Jlbtonca

Kapbokcunentunasa
His 196 O
\ C-Qu2m
Gun;»z‘f* =
His o C-NHR,




OpueHTauus n conmkeHue

[ocTuraeTtcsa 3a cYeT CBsA3bIBaHNS CybCTpaToB
B aKTUBHOM LIEHTpPE

[1lpouecc TepMmoagnHaMMNYECKN BbIrOOHbLIN 33
CYET NCNOJIb30BaHNA SHEpPrun

B3anMOOENCTBUSA cybcTpaTa C
aMWHOKUCIIOTHBIMM OocTaTKaMn pepMeHTa



ConmxeHne-opmeHTaLua B
aKTUBHbIX LEeHTpax nporeas
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A dheKT cpeabl

Npu cBA3bIBaHMK cyOCcTpaTa B aKTUBHOM
LLeHTpe BO3MOXHO CO34aHune ero oKpyxeHus
Cc onpeaeneHHbIMU CBONCTBaMM

1. CHUXeHue AN3NEeKTPU4eCKOU NPoOHULaeMoOCTU yCunmBaeTt
aneKTpocTaTnyeckue B3ammogencTBus
(YCKOpeHue peakuun nepeHoca rmapua-moHa ot cyocrtpara K
oKkncrieHHbIM dpopmam kodpepmeHoB (NAD(P)*) n kodakTopos
(FAD, FMN)).

2. BBeaeHue nonsipHoun (3apsaXeHHOW) rpynnbl PAAOM C

KMCNOTOU U OCHOBaHMEM namMeHsieT BerininHy pK
(No3BONAET UMETL B aKTUBHOM LEHTPE ABE OAMHAKOBbIE rpynnbl B
pasHOM COCTOSIHUN MOHU3ALMN — KapOOKCUNbI B aKTUBHOM LEHTPE
nuaoumma v gpyrnx kapbormgpas)



NMPUYUHA BbICOKOU SDDPEKTUBHOCTH
®PEPMEHTATUBHOIO KATAJTU3A

B cnyyae dpoepmMmeHTaTuBHOIO
KaTtarnusa BO3MOXHa
OOHOBPEMEHHAA

peanusauymus

CPA3Y HECKOJIbKUX Tnnos u
MexaHMn3MOB KaTtanmaa



OpgHoBpeMeHHast peanu3aLumsa pa3HbIX TUMOB U
MeXaHU3MOB KaTarnim3a B akTUBHOM LieHTpe (hepMeHTa.
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KothepMeHTbI 1 KohaKTopbl.
NAD* n NADP*

HukotnHamunaapeHuHauHykneotuna (docdar)

NAD(P)+ - okucneHHasa dopma
NAD(P)H — BocctaHoBneHHasa ¢opma

NAD(P)*
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2’-cpboccpaTHan

NAD(P)H OkucneHune/BoccTtaHOBNEHMe npoxoauT TOJIbko MPynna
no MexaHusmy NPSAMOro nepeHoca rmapua-voHa



KTo oTkpbin NAD(P)*
1906 roa

Aptyp FapaeH — aHrnuiickuii
Buoxumuk. Jlaypeat Hobenesckon
npemun no xumum (1929).

Yunbsam [xKoH AHr

B 1906 rogy nmmn 66110 OTKPLITO HAaNU4ymMe TEeNNOCTOMKOro KOMMNOHEHTA
B 3KCTpaKTax gPOXCKEN, KOTOPbIA YCKOPSN CNMpToBoe BpoxeHune.
HensBecCcTHbIN pakTop, OTBETCTBEHHLIN 3a 3TO ABMEHNE, OHU

Ha3Bann KOghepPMeHMmMoM.



KTo otkpbin NAD(P)*
1934 ron

OtT0 MNéHpux Bap6ypr —
HeMeUKnn BUOXUMUK, OOKTOP U
dusunonor, yyeHnK IMunsa
duwepa, naypeat Hobenesckomn
npemMmun B obnactn husnonorum u
MeanuuHbl 1931 roga. OguH u3
BblAarOLWMXCA YYEHBIX ABaaLaToro
Beka B obnactu yutonornun. CbiH
Omunga Bapbypra.

B 1934-1936 rr. Hemeukunin y4yéHbin OTTo NeHpux BapObypr yctaHoBuUnN
chyHKUMIO ITOro KochepmeHTa NO NepeHocy rmapua - MoHa n
onpepenun, YTo B OKUCIIUTESIbHO-BOCCTAaHOBUTESIbHbIX peakuuax
ydyacTByeT HUKOTMHaMUAHaA 4acTb
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