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IBaH Mynion T1a BiakpuTTA X-NpoMeHiB

YnaHa MNiaBanbHa!, PomaH Mnsauko?, Bacunb JToHYnHa34

1 JIbBIBCbKMI HaLIIOHA/IbHMIA MEANYHUKI YHIBEPCUTET

imeHi aHuna anvybkoro, JibBiB, YKkpaiHa

2 IHCTUTYT NpUKAaAHUX NPobsieEM MEXAHIKN | MaTteMaTnKy iMeH|
A. C. MNigctpuradya HAH YkpaiHnn, JIbBiB, YkpaiHa

3 MeanuHa wkona lNpiukep YHiBepcutety Ynkaro, Yukaro, CLLUA
4 YKpaiHCbKkuii KaTonnubKui yHiBepcuteT, JIbBiB, YKpaiHa

5 ciyHa 1896 p. aBcTpincbka raseta «Die Presse» onybniky-
Bajla CTaTTio Nig 3arosioBkoM «CeHcauinHe BigKpUTTS» Mpo
BUHanmaeHHs 8 nuctonaga 1895 poky X-nMpOMEHIB HiMelb-
koro disnka Binbrenbma KoHpaga PeHTreHa. MNepenyMoBoto
€noXasibHOro HeO4YiKyBaHOro BiAKpUTTS 6ynu HanpaulBaH-
HSA IHWWUX yYyeHux, rnepeaycim ykpaiHys IsaHa lMyntoa. Came
Myntol nepwnM 3akasB NiAr'PYHTSA HAYKW Npo X-npoMeHi. BiH
MOSICHUB iXHIO NPUPOAY | BiAKPWB 34aTHICTb MOHI3yBaTK aTo-
MW Ta MOJIEKYJIM, BU3SHAYNB MicL,e YTBOPEHHS i NMPOCTOPOBUM
po3noain npomeHis. 1881 poky I. MNynton CKOHCTpyOBaB Ka-
ToAHY namny («Tpybky lMyntos») 9K NPUHLNMNOBO HOBWUI TUN
J)xepena CBiT/a, 3a Ky TOro X poKy oAepXXaB Haropoay nig
yac MixHapogHOi BUcTaBku B [lMapuxi. Jocnigxywuu npo-
Luecu y KatogHo-npomeHeBux Tpybkax, IBaH lMynion 3aknas
niarpyHTa ogpasy ANns ABOX MepenoMHUX BiAKPUTTIB Yy di3n-
ui: X-npoMeHiB Ta eneKTpoHa.

I. NMynol NpoaAeMOHCTpyBaB HalBULYy Ha TOW 4ac edeKTUB-

HICTb BUKOPUCTAHHS CBOEI KaTOAHOI 1aMMNn B MeANLMHI SIK A)Xepena iHTEHCMBHUX X-NpoMeHiB. [o-
CTEMEHHO HeBigOMa AaTa neplurx OTPUMaHMX HUM X-nNpoMeHeBmnx 306paxkeHb. 3a40KYMEHTOBAHO
BWUCOKOI SIKOCTi 3HIMKW KUCTi 0ANHAAUATUPIYHOI AiBYMHKKM, 3pobneHi 18 ciyHa 1896 p. Ha X-npo-
MeHeBux 306paxeHHax I. Mynton 4iTko Bi3yanizyBaB MaTOMOrNYHI 3MiHM AOCMIAXEHUX CTPYKTYp:
nepenomMm, KiCTkoBi M0o30si, Ty6epKy/ibO3HE ypaXKeHHs KiCToK. Bucoky sikicTb 306paxeHb 3abes-
neyms yneplue y CBIiTOBIN Hayui 3aCTOCOBaHMN aHTUKATOA B KOHCTpyKLUIi Myntoesoi namnu. OTpu-
MaHe 306pa)keHHs Linoro ckeneTy MepTBOHApOAXEHOi ANTUHM, onybrikoBaHe 3 kBiTHA 1896 p. B
XypHani «The Photogram», BBaXa€eTbCsa 3ano4yaTKyBaHHAM BUKOPUCTAHHS X-MPOMEHIB B aHaTOMii.

Knrouosi cnoBa: X-npomeHi, I. Mynion, B. K. PeHTr'eH, namna Myntos, kKaTogHi NpoMeHi, peHTr'e-
HIBCbKi MPOMEHI.

180



Mpaui HTL MeanyHi Hayku
2021, Tom 64, N° 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci
ISSN 2708-8642 (online)

WWW.MSpPSSss.org.ua
2021, Vol. 64, 1

AKTyasnbHO

Ivan Puluj and the discovery of X-rays
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On January 5, 1896, the Austrian newspaper Dije Presse
published an article entitled «A Sensational Discovery». It was
dedicated to the discovery of X-rays made on November 8,
1895 by the German physicist Wilhelm Conrad Réntgen. Having
taken into account the contribution of other scientists, the
precondition of the given epochal, yet unexpected, discovery
was, first and foremost, the work of the Ukrainian scientist
Ivan Puluj. It was Puluj who laid the foundation for X-ray
science. He explained the nature of X-rays, discovered that
they can ionize atoms and molecules, and defined the place
of X-ray emergence and their distribution in space. In 1881,
Puluj constructed a cathode lamp («Puluj’s tube») which was
fundamentally a new type of light source. In the same year,
in recognition of this discovery, Puluj received an award at the
International Exhibition in Paris. Investigating the processes
in cathode-ray tubes, Ivan Puluj set the stage for two ground-
breaking discoveries in physics, namely X-rays and electrons.
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Puluj used his cathode lamp in medicine as a source of intense X-rays which proved to be
highly efficient. The exact date of the first X-ray images received by Puluj remains unknown.
High-quality photographs of the hand of an eleven-year-old girl, taken on January 18, 1896,
are preserved. Multiple X-ray images clearly visualized pathological changes in the examined
structures (fractures, calluses, tuberculous bone lesions). High-quality images were obtained
by means of the anticathode in the design of Puluj’s lamp, which was the first in the world. The
image of the whole skeleton of a stillborn child (published on April 3, 1896 in The Photogram) is

considered to be the starting point of using X-rays in anatomy.

Keywords: X-rays, Ivan Puluj, Johann Puluj, Réntgen, Puluj’s lamp, cathode rays.
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8 nuctonaga 1895 poky HiMeubkuin @i3nkK
Binbrenom KoHpapg PentreH (Wilhelm Conrad
Rontgen, 1845-1923) npoBoauB eKkcnepu-
MEHTW 3 KaTOAHWMMU TMPOMEHSAMM B OAHIN 3
nabopatopin IHCTUTYTY isnkmn Bropubyp3b-
Koro yHiBepcutety [1]. [Micns 3aBeplueHHS
aocniaie, TpaamuinHo obroptaB rasopo3psaHy
namny HeNpoHMKHMM ANs 3BMYaMHOro ceiTna
nanepoM. Ta, 3abyBwn Biag’egHaTK namny Big
Akepena Hanpyru, nomitme oopecueHTHe
CBiYEHHA ekpaHy. I3 uboro crnocrepexeHHs
3pobmB BUCHOBOK, LLO Kpi3b HEMPO30pMin Kap-
TOH Ta CKNISIHI CTIHKM ra3opo3ps4Hoi naMnm Bu-
X04STb HEBIAOMI paHiwe npomeHi. B. K. PeHT-
r'eH Ha3BaB iX X-NPOMEHSAMU.

He3zabapom cBiT obneTina 3BicTKa Npo ue Bia-
Kputta. 5 ciuHa 1896 poky aBcCTpilicbka ra-
3eTa «Die Presse» onybnikyBana cTaTTio nig
3aronoBkoM «CeHcauinHe BigkputTa» [2], a
6 ciuHsa JToHAOHCbKe TenerpadiyHe areHTCTBO
nowunpuno uk iHpopmauito [3]. Ha o6’ekTuB-
HOMY BUCBITNEHHI icTopii BiAKpUTTS X-npome-
HiB 1 OTPMMaHHSA NepLMX BaroMmx pesysbTa-
TiB WOA0 IXHbOrO BUBUYEHHS BKpal HEraTUBHO
nosHaumnmca Aasi obctaBmHuU. [lo-nepuwe,
B. K. PeHTreH y cBOiX nyb6nikauisix »XoaHoro
pa3y He 3ragas I. Myntosa i noro npaub, xou4
BOHW 6y ocobucTo 3HaloMi Lwe Big Yacy ne-
pebyBaHHA 060x B Ctpacbypsi (1875-1876)
y @i3nyHoMy iHCTUTYTI npodecopa ABsrycra
KyHnata (August Kundt, 1839-1894). lMpuH-
LUMMOBO BaX/MBMM € Te, WO Nicns nepwoi
HaykoBoi cTaTTi B. K. PeHTreHa, HagpyKoBa-
HOi y ciyHi 1896 p. [4], Mynion onybnikyBas
ABi cTaTTi [5; 6], Y AKX BUKIAB pe3ynbTatu
CBOIX MPIOPUTETHUX AOCNIAXEHb. 3BEPTAEMO
yBary, wo apyry i Tpetto ctaTTi B. K. PeHT-
reda [7; 8] onybnikoBaHO ni3Hiwe 3a cTaT-
Tio I. Myntoa. TobTto, 6e3nocepeaHe nopiB-
HSHHS 3MICTY UMX CcTaTel 060X y4dyeHux Aae
3MOry 06’€eKTMBHO BM3HAUMUTU BHECOK KOXHO-
ro 3 HMUX Yy CTAHOBIEHHS HOBOM0 HayKoOBOIo
HanpsaMKy — @i3mknu X-npomeHiB. [lMo-gpy-
re, CBOiM AMBHMM, SIK 3a3Ha4atoTb biorpadu
B. K. PeHTreHa, pilleHHSAM 3HUWKUTM 0cobu-
CTUW apxiB, y TOMY 4Yncni nabopaTtopHi 3anmcu
M ocobucte NUCTyBaHHA, BYeHW no3b6aBuB
MOXJTMBOCTI MalbyTHiX pocnigHukiB icTopii
HayKM YTOYHUTM BaXNuei petani. 3okpema
CTOCOBHO TOr0, 3 /1aMMoOK YMEI KOHCTPYKUIT
BiH ekcrnepuMmeHTyBaB 8 nucronaga 1895 p.,
KOJSIN, 3@ MOro C/i0BaMu, 3ayBaXWB iCHYBaH-
HA HEBUAMMUX MPOMEHIB. TyT nuwe 3rajaemMo
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cnoBa cuHa IeBaHa lNynto4d, OnekcaHapa, npo
Te, Wwo 6aTbKo HaAaB y po3nopsaaXeHHs Binb-
renbMma KoHpaaa PeHTreHa oaHy abo 11 6inblie
cBoix namn [9]. Lle cBigueHHs 3acnyroBye Ha
yBary, ockinbku OnekcaHgposi lNMynwoto Bnac-
TMBA CKPYMYJIbO3HICTb i TOYHICTb B OLUiHKaX
nopobky 6aTbka, MOCNiAOBHE BiAKNWAAHHSA Ha-
AYMaHMUX BepcCii, Npo WO CBiA4YaTb AOKYMEHTH
3 poanHHoOro apxiBy lynwiB. ToX He AMBHO,
Wo y BigoMih MoHorpadii [10] KOHCTaTOBaHO:
wnax B. K. PeHTreHa go BigkputTa X-npome-
HiB 3a7MWMBCA 3araikoBUM.

Sk 61 Tam He 6yno, B. K. PeHTreH Ta I. Mynion
KOX€H MO-CBOEMY AOKNANNCcsa Ao GopMyBaHHS
HayKn npo X-NpoOMeHi, YoMy MPUCBSAYEHIi, 30-
KpeMa, BianoBigHi CTOpiHKM MoHorpadii [1].

Binomuii isnk akaaemik Abpam Modde (Abram
Fedorovich Ioffe, 1880-1960), akuin neBHMI Yac
npautoBaB y nabopatopii B. K. PeHTreHa B MioH-
XEHCbKOMY YHIBEpPCUTETI, 3a/IMWKMB CBigYEHHS
woao ocobnmBocTert TBOPYOro MeTOAy CBOro
Buutens. A. Mlodpde xapakTtepusysas Leli MeToa
K AOTPMMaHHS MNOCNIAOBHOIMO KOHCEpPBaTUBHO-
ro dopmaniamy, SIKuii 3anepedyBaB BUBYEHHS
MeXaHi3My MIKPOCKOMIYHUX SBMLL. 3ayBaxwuB,
wo B. K. PeHTreH HagmaBaB 3HaYeHHS TiNbKuU
¢dakTaM, a He iXHbOMY MOSAICHEHHO. [lpnyomy
HaCTiNbKM, WO HaBiTb AECATb POKIB nicns Biag-
KpUTTS e/1eKTpoHa CaMe CNOBO «efleKTPoH» He
BXuBann y ®isnyHOMY iHCTUTYTi MIOHXEHCbKO-
ro yHiBepcuTeTy, SIKMM KepyBaB ydyeHun [11].
Ha npotuBary B. K. PenTreHosi, ana I. lNMyntos
6yno xapakTepHWUM rapMoHiliHe NOEAHAHHS Hal-
BULLOIO piBHSA eKCrnepuMeHTanbHUX A0CNioXeEHb
i TMMBUHN TXHBOrO TEOPETUYHOIrO OCMWUCIIEHHS.
LLlono camoro akTy BigKpuTTS X-MpOMEHIB
CNYLIHMM € 3ayBaxeHHs A. Modde, wo ui npo-
MeHi He3abapoMm BioKpMB 61 XTOCb iHLWIMIA, SK6U
B. K. PeHTr'eH He 3BepHYB Ha HUX yBary.

AKNIA 3B°A30K MiXK MOTOKOM eNeKTPOHIB Ta Me-
anumHoto? MNpuBiAKPUEMO 3aBicy Ta NoBepHe-
MOCS B yac (He)BM3HaHOro redis. OTOX IBaH
Mynion — yKkpaiHCbKUMA i3MK Ta MOro BHECOK
Yy MNpOKAagaHHi Wnisaxy A0 BiAKPUTTSA AOSEHO-
CHMX NpoMeHiB (puc. 1).

Yce po3nodanocsas 3 A0CAiAXeHb KaToAHMX
npomeHis. HiMeubkunit disuk MoranH Maiicnep
(Johann GeiBler, 1814-1879) CKOHCTpYytO-
BaB CKNsiHy TpybkKy, y sKili nepebyBas ras 3
TUCKOM Yy TUCAYI pasiB MeHLWMUM, aHiX aTMOC-
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On November 8, 1895, the German physicist
Wilhelm Conrad Réntgen (1845-1923)
conducted experiments with cathode rays
in one of the laboratories of the Institute of
Physics at the University of Wirzburg [1].
Having completed his experiments, he would
cover the gas discharge lamp with paper
that was opaque to ordinary light. Once,
however, he forgot to unplug the lamp from
the power source and noticed a fluorescent
light on the screen. He concluded that a
previously unknown kind of ray emanated
from the lamp and could penetrate the glass
walls of the discharge lamp and the opaque
cardboard covering it. Rontgen called these
rays «X-rays.»

News of that discovery spread around the
world. On January 5, 1896, the Austrian
newspaper Die Presse published an article
entitled «A Sensational Discovery» [2], and
on January 6, 1896, the London Telegraph
Agency spread the word [3].

Two circumstances had an adverse impact
on the objective coverage of the process of
X-ray discovery, as well as obtaining the first
significant results of the given study. To begin
with, Rontgen never mentioned Ivan Puluj
(1845-1918) and his work in his publications,
even though they were acquainted. In 1875-
1876, they worked in Strasbourg at the
August Kundt Institute of Physics (August
Kundt, 1839-1894). It is fundamentally
important that after the first scientific article
published by Réntgen in January 1896 [4],
Puluj published two articles [5, 6] where he
presented the results of his prior research.
It should be noted that Réntgen’s second
and third articles [7, 8] were published
later than Puluj’'s. A direct comparison of
the content in articles written by Rdntgen
and Puluj makes it possible to objectively
determine the contribution of each of them
to the formation of the new scientific field of
X-ray physics. Unfortunately, according to
Rdntgen’s biographers, he made a strange
decision to destroy his personal archives,
including laboratory records and personal
correspondence. With this unscientific action,
Réntgen deprived future researchers of the
history of science the opportunity to shed
light on important details. One particular
question is whose lamp desigh was he
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experimenting with on November 8, 1895,
when he discovered the existence of invisible
rays. Ivan Puluj’s son, Oleksandr, claimed
that his father had given Réntgen one or more
of his lamps [9]. This testimony deserves
attention, as Oleksandr Puluj, characterized
by scrupulousness and accuracy in assessing
his father’s work, consistently rejected
far-fetched versions, as evidenced by
documents from the Puluj’s family archive.
In his monograph, Lindner [10] stated that
Rontgen’s path to the discovery of X-rays
remains a mystery.

Rontgen and Puluj both contributed in their
own way to the formation of X-ray science, as
summarized in L'Annunziata’s monograph [1].

The famous physicist and academician
Abram Ioffe (1880-1960), who worked for
some time in Rontgen’s laboratory at the
University of Munich, gave evidence of the
peculiarities of his supervisor’s creative
method. Ioffe characterized this method
as adherence to a consistent conservative
formalism which discarded the study of the
mechanism of microscopic phenomena. He
noted that Rontgen paid attention only to
facts rather than their explanation. Even
ten years after the discovery of electrons,
the word «electron» could not be uttered
at the Institute of Physics at the University
of Munich, run by Rdéntgen [11]. Contrary
to Rontgen, Puluj was characterized by
a harmonious combination of thorough
experimental research and a deep theoretical
understanding of the subject. As for the very
fact of X-rays discovery, Ioffe’s remark that
these rays would soon have been discovered
by someone else if Réntgen had not paid
attention to them is reasonable.

What is the connection between the electron
current and medicine? It can be found in
the story of Ivan (Johann) Puluj (Fig.1), a
Ukrainian physicist, and his contribution in
paving the way to the discovery of X-rays.

It started with the study of cathode rays.
German physicist Johann GeiBler (1814-1879)
constructed a glass tube containing a rarified
gas with pressure thousands of times lower
than atmospheric [12]. Two electrodes were
placed inside this tube: a cathode (negative
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v - B R

eneKkTpoaAn: KaTod — 3 HEeraTMBHUM MOJIFOCOM
Ta aHo4 — 3 MO3UTUBHMUM MOJIIOCOM Axepena
BMCOKOI Hanpyru. 3a yMOB HU3bKOIro TUCKY B
TpybUui Ta NPOXOAXEHHS €NeKTPUYHOro CTpy-
MY BUHMKANO CBIT/IOBE SBULLE.

L tiniedina .,4‘,..4,,,:’.;““’ ok

Puc. 2. OgHa 3 «KaToAHMX NaMn» KOHCTPyKLUii IBaHa
Myntoa 3 roro nignucom*

Puc. 1. IaH Nynton (1845-1918)*

1881 poky I. Tynioii CKOHCTpytoBaB KaToOAHY
TpybKYy (namny), Wo cTtana BiAOMOK BnacHe §K
«Tpybka Myntoa» (puc. 2) [9; 13]. 3a npukna-
OaHHSA BMCOKOI Hanpyrm A0 ABOX eNeKkTpoaiB
TPY6KM Yy NPOCTOPi MiXXK HAMU 3 BESIUKOIO LIBUA-
KICTIO MOLMPIOBASIMCL  MIKPOCKOMIYHI  enek-
TPUYHO 3apsiiXXeHi YacTUHKMK, SKi 1 HasmBanu
KaToAHUMM MpoMeHsaMU. (TepMiH «enekTpoH»
3anpoBagxeHo y @i3vnky numwe y 1890-x po-
kax). I. Mynon cTBepamB, WO Ui YaCTUHKK, Npu-
CKOPHOOYNCH eNeKTPUYHMUM NOJSIEM MK KaTOAOM
Ta aHoAoM, CTUKAKTbCA 3 atoMaMu 3asmLIKiB
rasy, MOHI3ylTb Ta 36yaKyloTb iX. [Mig yac 3B0-
pPOTHOrO nepexony, NOBepPTa4YnUCb Y HOpMasb-
HWI CTaH, aTOMM BUMPOMIHIOKOTb CBITNO (puc. 3).

- -
il e

Pe3ynbTaTu CBOIX M'PYHTOBHUX AOCNIAXEHb Ka-
TOAHWX MPOMEHIB BUYEHWUI BMKNAB Y YOTUPbOX |

Puc. 3. Cxema pocnigy IsaHa lMNyntos Ans BU3HaYeHHS
* MaTepianu 3 apxiBy PomaHa MNnsuka MPOCTOPOBOI KaPTUHM MOLIMPEHHS X-MPOMeHiB*
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pole) and an anode (positive pole) connected
to a high voltage source. Under conditions of
low-pressure gas in the tube and the passage
of a high electrical current, a light phenomenon
occurred.

-

\'”/74 24 S/Q- /9,

e A dena

Fig. 2. One of the «cathode lamps» designed by Ivan
Puluj with his signature*

Fig. 1. Ivan Puluj (1845-1918)*

In 1881, Puluj designhed a cathode ray tube
(lamp), which became known as «Puluj’s
tube» (Fig. 2) [9, 13]. For the first time in
the world, Puluj used the inclined anticathode
inside the tube, from which emitted an almost
parallel flow of rays. When high voltage
was applied to two electrodes in the tube,
microscopic electrically charged particles,
called cathode rays, circulated at high speed
in the space between the electrode. The term
«electron» was introduced into physics only in
the 1890s. Puluj claimed that these particles
accelerate due to the electric field generated
between the cathode and anode poles and
collide with atoms of the gaseous residue,
ionize and excite them. During the reverse
transition, returning to normal, atoms emit
light (Fig. 3).

Fig. 3. Ivan Puluj’s schematic illustration of the
* Materials from Roman Plyatsko’s archive experiment to determine X-rays distribution in space*
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CTaTTAX Nig 3arajbHOK Ha3Bow «[lpoMeHucTa
enekTpoaHa MaTepia» y 1880-1882 pp. [14-
147], a 3rogoMm — y MoHorpadii 1883 poky
[18]. Yepes 6 pokiB, 1889 poky, JloHAOHCbKE
di3nyHe ToBaAapuUCTBO Mepeknano MoHorpadito
I. Nyntos 3 HiMeUbKOi Ha aHrNiCbKy MOBY Ta
HaApyKyBano sik okpemuii Tom cepii «Physical
Memoirs» [19]. Lsa cepig 6yna 3anoyaTkoBa-
Ha 419 BUCBIT/IEHHSA NUWE HaWBaXX/MBILIKX
AocnigxXeHb y ranysi @isnkm, BUKOHaHMX Nno3a
Mexamm Benukoi bpuTtaHii. To6To yxxe Ha no-
yaTok 1880-x pokiB I. MNynto 6yB HalbinbLl
aBTOPUTETHMUM AOC/IAHMKOM KaToAHWX Mpo-
MeHiB. Lle ay)e BaX/IMBO B KOHTEKCTI onucy
icTopii noganblioro BiAKpUTTA X-MPOMEHIB,
OCKiNIbKM WNAX A0 LbOro BiAKPUTTS Nponsiras
6e3nocepeaHbO 4yepe3 AoCNiaM 3 KaToAHUMU
Tpybkamu. (MpukMeTHO, Wwo PeHTreH, Ha Bia-
MiHYy Big lMyntosa, o 1895 p. He MaB XOAHOI
nybnikauii cTocoBHO i3nyHUX nMpoueciB y Ka-
TOAHMX TpybKax).

1880 poky »xypHan «Science» (CLLA) ony6ni-
KyBaB CTATTIO Nig Ha3BOK «YeTBepTUN CTaH
MaTepii. CnpocTtyBaHHa» [20]. Y Hin nogaHo
NnepekoHNMBY  apryMeHTauito-CnpoCcTyBaH-
HS ToAi we mMonomoro gocnigHuka I. Mynwos
XNOHNX, HaAYMaHNUX BUCHOBKIB TOAi BXe aB-
TOpUTETHOro disnka n ximika Binbsma Kpyk-
ca (William Crookes, 1832-1919) npo doi-
3MYHUN CTaH cepenoBMLLA Yy ra3opo3psgHmnx
TpybKax.

O6cTaBMHM CKNanucb Tak, Wwo nicns 1883 poky
Mynton He 3Mir npautoBaTh y BigeHCbKOMY YHi-
BepcuteTi (1876-1883), ogHak AyXxe wWBUA-
KO npossmB cebe B MpoMUCOBIN cdepi §K
BMHaXigHWK HOBUX Axepen csiTna. OTpuman
LUMPOKE BU3HAHHS Ha MNPECTMXHUX enNeKkTpo-
TEXHIYHUX BUCTaBKkax, a BiagTak 1884 poky Ha
3anpoLeHHs MiHicTepcTBa 0OCBiTM ABCTpPO-Y-
ropwmHM 3alHaB nocagy npodecopa ekcne-
PUMEHTasIbHOI | TeXHi4YHOi disnkm Himeubkoi
BULLOI TEXHIYHOI WwKkonun y lMpasi, ae n npauto-
BaB A0 BMXOAY Ha MeHCito. Y npasbKunii nepiog
HayKoBOI AiANbHOCTI, AKLWO BigWTOBXYBaTUCS
Big nybnikauin BYUEHOro, HOBUX Ba>X/IMBUX A0-
cnipie 3 kKatogHUMK Tpybkamum BiH He 34iNCHIO-
BaB, 3@ BMHATKOM MNeplunx Micauis 1896 poky.

Ceoto  docdopecueHTHY naMny 3paska
1881 poky [lynwoh no4yaTkoBO BMKOPUCTO-
ByBaB sk Axepeno csitna [9]. MNMpoTte, npo-
ynTaBwWwmM y CiyHi 1896 poKky NoBiJOMIEHHS
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B. K. PeHTreHa npo BigkpuTTsa X-NpOMEHIB,
I. MNynor WBMAKO MepeKoHaBcs, WO caMe
moro namna pae X-npoMeHeBi 306paXeH-
HA HakhBuLloOi skocTi. Lle 3abesneuyBanocs
il BOAMOK KOHCTPYKUIiMHOK ocobnusicTio —
HasBHICTIO MOXWJIOFO aHTMKaToda, Big SKO-
ro fNoWWpOBaBCSA MaWe napanenbHuii (He-
po36iXXHMI) noTik npomeHiB. Came 3HiMKM,
sKi oTpumaB 1. Myntoli, 4acTo nogaBasnch y
NONYNSPHUX XYpHanax, AK-0T y dpaHuy3b-
KoMy «La Natura» 8 ntotoro 1896 poky [21]
Ta 6puTaHcbkoMy «The Photogram» 3 KBIiTHS
1896 poky [9].

Ha »anb, He 36epernucs BiAOMOCTi, KOMK
Mynton Bnepwe Bunpobysas namny Ans no-
CNigXEeHHSA CTPYKTYp Tina nwoaunHuU. 3a40Ky-
MEHTOBaHUM € npoBefeHHs X-MPOMEHEBOro
OOCNIAXKEHHS KWUCTI oAMHAAUSTUPIYHOI Ai-
BUMHKM 18 ciyHa 1896 poky. SkicTb 306pa-
XeHHS Bpaxkana. BueHulii nepekoHaBca B
e(deKTUBHOCTI BUKOPUCTAHHSA X-MpOMeHeHiB
y MeauuWHi, 30Kpema Xipyprii. HaToMicTb
B. K. PeHTr'eH nig yac cBOEI EAMHOIT Nekuii npo
X-npoMeHi, Ky npo4yuTaB B Bropuybp3bko-
My i3MKO-Meagn4YHOMY TOBApUCTBI 23 CiYHS
1896 poky, 6yB obepexHMUM B OUiHLi Meany-
HUX NepcneKkTUB IXHbOro BUKOPUCTaHHSA. Ha
3anuMTaHHA BigoMmoro aHaTtoma AnbbepTa ¢doH
Kennikepa (Albert von Kolliker, 1817-1905)
NpO BUKOPUCTAHHSA X-MPOMEHIB Yy KAiHIUHIN
npakTuui B. K. PeHTreH 3acymHiBaBcs, 6a3y-
IOUYMCb HA MPUNYLLEHHSX, WO M'aKi TKaHWUHU
MatoTb NpMBAM3HO OAHAKOBY IyCTUHY, TOMY
X-NpoMeHi MOXyTb gaTu TiHboBe 306pa-
XKEeHHS nuwe Kictok [22]. Y uen yac lMynion
ycniwHo onucas X-npoMeHeBi 306paxeHHs,
Ha SKUX YiTKO Bi3yanizyBasiMCca NaToNOriyHi
3MiHW AOCAIAXEHUX CTPYKTyp. lNopiBHIOKUYMK
3HIMKW KWUCTi 340pOBOI MIIOAMHM Ta NauUi€H-
Ta, XBoporo Tybepkynbo3om, I. MNyntoi npo-
aHanizyBaB CTPYKTYpy KiCTKOBOi CUCTEMMW.
Knctb, ypaxeHa TybepKynbo30M, Mana Ko-
poTwy canaHry BKasiBHOro nasabus Ta iHWY
CTPYKTYPY BIiATiHKIB, HiX pyKa 340p0OBOI Nt0-
AVHU. Ha iHWoMy 306pa)xeHHi BYEeHUI igeH-
TUdikyBaB KiCTKOBUIA MO30J1b NiKTbOBOI KiCT-
KW, WO CBiAYMNO MpO NepeHeceHy TpaBMy.
3 KkBiTHS 1896 poky 6puTaHCbKMI XypHan
«The Photogram» ony6nikyBaB 306paxeHHS
uiforo ckeneta MepTBOHApPOAXKEHOI AUTUHM
Ha cbOMOMY Micsui rectauii (puc. 4) [9; 13].
Lle, 6e3cymHiBHO, 6y/n10 moyaTKOM BUKOpPU-
CTaHHSA X-NpOMEeHIiB B aHaTOMii.
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Ivan Puluj presented the results of his
extensive research of cathode rays in
four articles under the general title
«Radiant Electrode Matter» («Strahlende
Electrodenmaterie») in 1880-1882 [14-17],
and later in 1883 monograph [18]. Six years
later, in 1889, the London Physical Society
translated Puluj’s monograph from German
into English and published it as a separate
volume in the Physical Memoirs series [19].
This series was launched to cover only the
mostimportantresearchin physics conducted
outside the UK. Puluj was recognized as the
most eminent researcher of cathode rays in
the early 1880s. This was very important
in the history of subsequent discovery of
X-rays because the path to this discovery
stemmed directly from Puluj’s experiments
with cathode ray tubes. Unlike Puluj’s early
publications, Rd&ntgen’s publications on
physical processes in cathode ray tubes did
not appear until 1895.

In 1880, the journal Science (USA) published
an article entitled «The Fourth State of Matter.
A Refutation» [20]. The young researcher
Ivan Puluj presented a convincing refutation
of erroneous, far-fetched conclusions of the
then venerable physicist and chemist William
Crookes (1832-1919) concerning the physical
state of the environment in gas discharge
tubes.

From 1876 to 1883, Ivan Puluj worked at
the University of Vienna. Later, less than in
one year (from 1883-1884), he embarked
on private enterprise. Puluj quickly achieved
success in the industrial sphere as an inventor
of new sources of light. He received wide
recognition at numerous non-prestigious
electrical exhibitions. In 1884, he received
an invitation from the Ministry of Education
of Austria-Hungary to become the Professor
of Experimental and Technical Physics at the
German Technical College in Prague, where
he worked until his retirement. Judging by
his publications in the period of his scientific
activity in Prague, Puluj did not conduct any
new experiments with cathode-ray tubes,
except for the first months of 1896.

Puluj initially used his phosphorescent lamp
(model designed in 1881) as a source of
light [9]. However, after reading Rontgen’s
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report on the discovery of X-rays in January
1896, Puluj realized that it was his lamp that
could give X-ray images of the highest quality
because of its design peculiarity: an inclined
anticathode which emitted an almost parallel
flow of rays. The images obtained by Puluj
were often published in popular magazines,
such as the French La Natura (February 8,
1896) [21], and the British The Photogram
(April 3, 1896) [9].

Unfortunately, we have no information on
when Puluj first tested the lamp to study
the structures of the human body. What
was documented, though, is an X-ray
examination of the hand of an eleven-year-
old girl on January 18, 1896. The quality of
the image is impressive. The scientist proved
the effectiveness of X-rays in medicine,
specifically in surgery. At the same time,
Réntgen gave his only lecture on X-rays at
the Wirzburg Physical and Medical Society
on January 23, 1896, and was really cautious
in the assessment of the prospects of using
X-rays for medical purposes. When asked by
the famous anatomist Kolliker (Albert von
Koélliker, 1817-1905) about the use of X-rays
in clinical practice, Rontgen was hesitant —
his ideas were based on the assumption that
soft tissues have approximately the same
density, so X-rays could produce a shadow
image only of the bones [22]. Meanwhile,
Puluj successfully described X-ray images,
which clearly visualized pathologic changes
of the studied structures. Comparing the
images of the hand of a healthy person and
a patient with tuberculosis, Puluj analyzed
the structure of the skeletal system. The
tuberculous hand had a shorter phalanx of
the index finger than the hand of a healthy
person and had a different shade structure.
In another image, the scientist identified a
callus on the ulna, which indicated an injury.
On April 3, 1896, the British magazine The
Photogram published an image of the entire
skeleton of a baby stillborn at 7 months’
gestation (Fig. 4) [9, 13]. It was the beginning
of the use of X-rays in anatomic studies.

Puluj’s lamps were quite common, as they were
produced industrially at a factory in Leipzig.
One of them, number 1147, used by physicists
and physicians of Dartmouth College in the
United States on February 3, 1896, made it
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Puc. 4. Ckenet MepTBOHapOAXEeHOI ANTUHN Ha CbOMOMY
Micsili rectauii. X-npoMeHeBe 306paxeHHs"

Nlamnn Mynoa 6ynnm  focuTb MNOWMPEHUMMU,
OCKiNbKM NpoAyKyBasMCb NPOMUCAOBO Ha da-
6puui B Jlannuusi. OaHa 3 HUX — nNig HOMe-
poM 1147, aKy BMKOpUCTanu Qisnkm n megm-
kun B JapTtMmyTtcbkoMy koneaxi CLLUA 3 ntoToro
1896 poky, yBinwna B ictopito. CaMe 3aBAsikK
in, Bnepwe Ha aMepUKaHCbKOMY KOHTUHEHTI
(MOXNMBO, N y CBIiTi), NpoBeAeHO X-NMpoMeHe-
Be AOCNIAXEHHS PYKW MauieHTa Ta BUSIBIEHO
nepenom NikTbOBOI KiCTKK [9; 23; 24].

besnocepenHbo B uapuHi dismkn 1. Myntoh
npautoBas binble aecatn pokis (1872-1883)
i MOHaa TpMAusSTb pPOKIB MPUCBATUMB Teope-
TUYHIM | NpaKTU4HIN enekTpoTexHiui (1884-
1916). Bpaxa€, Wwo 3a TakKuUh KOPOTKWUIA 4ac

* MaTepianu 3 apxiBy PomaHa MNnsuka
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Puc. 5. IeaH Mynton (1845-1918)"

BiH BCTWUI MPOKIACTM WNSX oapasy AN ABOX
nepenoMHUX BIAKPUTTIB Yy @disnui: X-npome-
HiB B. K. PeHTreHa 1895 poky Ta enektpoHa
Oxo3eda OxoHa TomcoHa 1897 poky (Joseph
John Thomson; 1856-1940).

O6car craTTi He Oa€E 3MOrM BUCBITAUTU de-
HOMeHanbHy aisnbHicTb I. Myntoa gk dismka,
eneKTpOTeXHiKa, BUHaxXigHWKa, negarora, ne-
peknagada, nonitonora, nybniumcra, aepxa-
BoTBoOpus (puc. 5) [9]. be3CyMHIBHO, BiH € YHi-
KasibHOK MOCTaTTIO B iCTOPIl CBITOBOI HAayKn Ta
KYNbTYypW, a NOro nepBUHHMUI BHECOK Y i3nKy
KaToOAHMX Ta X-MpPOMEHIB 3aknaB OCHOBY A/14
PeHTr'eHOBOro BiAKPUTTA Ta oAepXXaHHS nep-
woi Hobeniscbkoi npeMii 3 disnkm 1901 poky.
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Fig. 4. Skeleton of a baby stillborn at 7 months’
gestation. X-ray image*

into history. It was the lamp used clinically
for the first time on the American continent
(possibly in the world) to perform an X-ray
examination of a patient’s injured arm. As a
result of the given examination, a fracture of
the ulna was detected [9, 23, 24].

Puluj had worked in the field of physics for
over 10 years (1872-1883) and more than 30
years he devoted to theoretical and practical
electrical engineering (1884-1916). What is
astonishing, though, is that in such a short
time, he managed to lay the foundation for
two groundbreaking discoveries in physics
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Fig. 5. Ivan Puluj (1845-1918)*

at once: X-rays in 1895 by Rdntgen and the
electron in 1897 by Thomson (Joseph John
Thomson; 1856-1940).”

Ivan Puluj is a unique figure in the history of
world science and culture. He was a Renais-
sance man who not only worked as a physicist,
electrical engineer and inventor, but was also
a pedagogue, translator, political scientist,
publicist and public figure (Fig.5) [9]. Puluj’s
primal contributions in the field of cathodes
and X-rays laid the foundation for Roentgen’s
discovery of X-ray and awarding of the first
Nobel Prize in Physics in 1901.

* Materials from Roman Plyatsko’s archive
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