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Introduction

From 1897-1899, Dr. Konstantin Danilewsky, of Kharkov, Russian
Empire (now Ukraine) conducted little known but quite noteworthy
experiments in early aviation. In particular, attempting to solve the
long-sought problem of a man to fly, he boldly followed a step-by-
step process of achieving practical flight, relying on a lighter-than-
air balloon while under complete control by a human. These brilliant
experiments were conducted at a time when a small, yet powerful
enough petroleum engine was, for him, only a concept. Indeed, Dr.
Danilewsky writes that he was well aware that his work would be
greatly aided once a suitable petroleum engine became available.
The lack of a suitable mechanical engine led Dr. Danilewsky to
some innovative human-powered designs.

Unfortunately, only two brief years of experimentation could be
conducted before his funding and support simply ran out. Met with
defeat, Dr. Danilewsky, in 1900, published a small book called
VIIPABJISEMbBIN JIETATEJIbHBIN CHAPSID (“A Steerable
Flying Apparatus”) documenting his efforts. The book, originally
published in Russian, and German, was lost to time. Now, for the
first time ever, more that a hundred years after these marvelous
trials, Dr. Danilewsky’s book has been made available in a modern,
digitized edition.

Presented here is his book in its original 1900 Russian and German
editions, and, for the first time, in English. Thanks to Dr. Alexander
Akimov, Ukraine, who transcribed the Russian Cyrillic of the
original edition into a modern Russian, digitized version, the text
was thus available to be translated into English.



Technological advances quickly dated Dr. Danilewsky’s work of the
late 19" century rendering it to but a footnote to aviation history.
Nevertheless, his work should not be neglected. This small book is
worth a read by any aviation history buff around the world! And
now, many can enjoy it.

Vi
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Foreword

In the 1890°s, the aviation world was abuzz with the energy of many
vying to solve the problem of controlled human flight. Of course,
humans had already ascended into the skies many times by the
1890’s, but only by balloon. The goal here was controlled flight —
not necessarily heavier-than-air flight, but controlled flight by any
means. Mankind was seeking a way to “fly at-will”, in any direction,
at any time, in complete control, in short, to fly just like birds.

In the United States, Samuel Langley, Octave Chanute, John
Montgomery, (to name just a few), were hard at work on the
problem of controlled flight. In England were Percy Picher, Horatio
Phillips, George Caley. In Germany were Otto Lilienthal, and Hugo
Junkers. In the Russian Empire were Mikhail Lomonosov, Nicholas
Teleshov, and Konstantin Danilewsky. This short list of notables is
far from a complete sampling of early aviators in the 1890’s, but the
list would grow exponentially in the coming new century. One man
is worth mentioning further.

Konstantin Danilewsky saw the problem of aviation quite differently
from others. He saw the problem of achieving controlled flight as
requiring, nay, mandating a careful step-by-step approach, in
controlled phases, giving the experimenter time to discover and
solve the many details to emerge in such a quest thus building on the
knowledge gained®. He wrote that he was unnerved by the “direct”
approach to the problem by all other experimenters trying to solve
flight “all at once”, as he put it, and that the idea was “epidemic

L Ed (Welker): In my career with the US Air Force, the rationale for progressing
“step-by-step” was because of what we called the “unknown unknown”. That is,
you can plan and design all you want for the issues and problems you know about,
but it is the “unknown unknowns” that will cause you to go back to the drawing
board to alter the theory and design and try again.



among the masses”. Already, in his time, he was well aware that
many had tried and failed to solve the problem of flight “from
scratch” and observed that “The history of aeronautics is full of these
proud attempts and of victims of these attempts.”

So Danilewsky set out to solve the problem his methodical way. And
his way was brilliant. It truly was. He envisioned, while still a
medical student at Kharkov University in the mid 1870’s, a way to
control the ascent and descent of a balloon, and maintain the “lift”
without loss of ballast or venting of the gas. (This was a problem of
the state-of the-art of static balloons in his day.) Such a balloon
could be designed and assembled to be just the right size to
compensate for the pilot’s weight (and the weight of the hardware)
such that the pilot himself could provide the power needed to ascend
into the air.

That, he envisioned, was the solution. Such a balloon, designed to
minimize the work of the pilot would provide a platform for
successful experimentation, thus methodically solving the many
issues facing the unknown of controlled flight. This simple solution,
he recognized, would provide answers so that when ultimately an
engine became available, light enough and powerful enough to
wholly replace the work of the pilot, - the problem of controlled
flight would be solved.

The thought, conceived during his medical studies, dogged him so
that he could not stop it from dominating his interests. In 1894, he
built a successful flying model of his concept. He reports that it
“obediently flew in all directions at will.” So it was, in 1887, he set
out to conduct his full-scale experiment. Over the next three years,
Danilewsky built and tested 4 evolving prototypes of his “flying
apparatus” — the first appropriately named the “Embryo”.



During the course of his experiments, Danilewsky made great
progress, despite setbacks (such as the maker of his balloon failing
miserably to meet his specifications — costing Danilewsky both time
and money). In the end, having proven compete, controlled flight,
he met with that age-old enemy of “inertia”. That is, during his
efforts, the press had so hyped the claims and successes of others, in
their well-publicized trials in heavier-than-air, that Danilewsky
simply could not find benefactors to contribute to further his
experimental goals — goals lost to the masses and the media.

At the end of 1899, broke, criticized, and dejected, he reluctantly
gave up. He wrote, about early criticism of his work: “nevertheless,
the criticism has achieved its goal; it hampered the further
development of the idea and, by creating an atmosphere full of
mortifying formalism, it made my work extremely difficult.” By the
end of 1899, he was done.

Fortunately, Danilewsky, though defeated, thoughtfully took the
time to document his work. In early 1900, he published his small
book “A Steerable Flying Apparatus”, which, fortunately, we have
today for our review. Unfortunately, Danilewsky’s book, faded into
time.

Fast-forward to 2017.

For a number of years, | had run a website about airships I call
“Then and Now”. It’s not the usual site about the airships
themselves, rather, it presents my findings of detailed research
identifying where airship activity took place. Sparing the details, I
assess a photo of an airship, identify where that photo was taken, and
compare the site today, i.e., “then and now.” The fact that the
surroundings have changed over the years only exemplifies that
hardly anyone alive today is aware of the aviation history that may
have taken place in the very skies over where they stand.



In October, 2017, | had posted on a “FaceBook™ group “Airships,
Dirigibles and Zeppelins” my findings into the locations of images
of “man-powered dirigibles.” Dr. Alexander Akimov, from
Kharkov, Ukraine, contacted me about the work of Dr. Danilewsky —
also of Kharkov, (preceding him by 100 years and of “man-powered
airship” fame) — a name | had not encountered in my research. Dr.
Akimov and I began a collaboration about Dr. Danilewsky which
resulted in a page on my website dedicated to the medical doctor’s
brilliant aviation work.

Dr. Akimov shared with me Dr. Danilewsky’s 1900 book “A
Steerable Flying Apparatus” — which, of course, I could not read as it
is in Russian! Fascinated just the same, | suggested that it would be
wonderful if the book were published in English. That led to a
collaboration, and together, Dr. Akimov and | have done just that!
Here, for the first time ever, is Dr. Danilewsky’s book - in English.
In the process of developing the English version, we discovered a
German edition of the book originally published at the same time as
the Russian edition. It seemed, to me, a shame, to publish (or re-
publish) the work in English without the Russian and German
editions, so here, also for the first time, is the entire work in its
original Russian, and German - and now in English.

Dr. Akimov and I hope that you find this “new” volume in English
on the little-known work of Konstantin Danilewsky somewhat
enlightening and beneficial.

William J. Welker
Colorado, USA
April, 2019
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Editors

Alexander B. Akimov is from Kharkiv, Ukraine, MD, PhD. As a
medical doctor and physician with a PhD in Internal Medicine
(1989), he specializes in medical ultrasound. He introduced locally
the technique of interventional ultrasound (needle surgery guided by
ultrasound) and pioneered interstitial laser thermotherapy (ILT) for
breast cancer. As a medical doctor, Dr. Akimov is interested in
positive scenarios for the near future, and advocates the idea that in
the 21% century, airships could become the equivalent of sailing
ships — for sport, recreation and research - for the land-locked
countries of Eurasia. He authored an adventure SF novel set in the
former USSR — “Year 2035, to trespass into abandoned military
base, the treasure hunters hire the 20,000 m*® ‘airship-schooner’
(tropospheric research vessel). In their leisure time aboard they
discuss the history of airships in Ukraine and Russia.”

AxumoB Ouekcanap BopucoBuy, - mikap, K.M.H., )KHUBE 1 IIPAIIOE B
Xapkosi (Ykpaina), cienianizyetbes y conorpadii (Y3/1). V 1989
3aXMCTUB AMCEPTAIIilO 32 (aXxOM «BHYTPIIIHI XBOpoOU». 3anpoBaauB
Ha MICLIEBOMY piBHI iHTEpBEHUIMHUIN yIbTpa3ByK (TOJIKOBY
Xipyprito), 0yB iOHEpOM 1HCTEPCTULIHHOI J1a3zepHoi Tepanii (ILT) y
JIKyBaHHI paKy MOJIOYHOT 3a103u. Sk nikap-npaktuk, O. b. AkumoB
[IKaBUTHCS MO3UTUBHUMU CIIEHAPIsIMU MailOyTHHOTO, Ta MPUITYCKAE,
mo y XXI cropiydi, HaJl IpOCTOpaMH KOHTHHEHTY €Bpasisi, MOXKYTb
JITaTH JUPUKaAOIIl — JUIs CIIOPTY, BIAMIOYUHKY Ta JIOCIHIIKEHb.
O.B.AKMMOB € aBTOPOM HayKOBO-()aHTACTUYHOI MPUTOJHHUIIBKOT
MOBICTI, s siKoi BinOyBaeTbes Ha TepeHax oymnoro CPCP. — «V 2035
Ppoyi, abu NpOHUKHYmMU HA 3aHe00aHy 8ilicbKo8y 6a3y, MUCIUBYI 3a
ckapoamu Hatmaroms ‘Oupudscabao-uxyny’ (TRV 20 muc. m3). V
BIIbHULL YaC HA OOPMY BOHU MePeBeHsmb NPo ICMOPIt0 OUpUNCcad.1ie
6 Ykpaini ma Pocii»



AxumoB AJjiekcanap bopucoBu4, Bpad, K.M.H., )KUBET U paboTaeTr
B XapbkoBe (YKpanHa), crienuanusupyercs B coHorpaduu (Y3N)..
B 1989 roay 3ammTii quccepTaiuio 1o CuenuaibHOCTH
«BHYTpeHHHE 00Jie3HN». BHeIpI Ha MECTHOM YPOBHE TEXHHUKY
WHTEPBEHIIMOHHBIN yIBTPA3BYK (MUTOJbHAS XHUPYPTHS), OBLIT
MMMOHEPOM MHTEPCTUIIMATBHOM J1azepHoi Tepanuu (ILT) B teuenun
paka MoJiouHOM kene3sl. Kak Bpau-nipaktuk, A. b. Akumon
MHTEpPECyeTCs MO3UTUBHBIMU CLIEHAPHUSIMH OYIyIIEero U CYUTAET, UTO
B XXI cronerun nupuxalin, Kak «rpornochepHbie MapyCHUKI,
MOTYT pesiTh HaJl mpocTopamMu EBpazuu — ajst cnopTa, OT/IbIXxa u
uccienoBanuil. A. b. AKUMOB SIBJISIETCS aBTOPOM HAY4HO-
daHTacTUUECKOI MPUKIIOYEHUECKOH OBECTH, ACHCTBUE KOTOPO
npoucxoaut Ha Tepputopun ObiBiiero CCCP. — «B 2035 200y,
4moObL NPOHUKHYMb HA 3A0POULEHHYI0 80eHHYI0 0A3), OXOMHUKU 3d
cokposuwamu Hanumairom ‘oupudcabnv-uixyny’ (TRV 20 moic. m3).
Ha 6opmy, 6 c60600H0e om saxm 8pems, oHu 00CYHCOArOm
ucmopuro oupudicaoneti 8 Ykpaune u Poccuuy.

William J. Welker is from Colorado, USA. He has a Master of
Science degree in Engineering Physics, was a career officer in the

U. S. Airr Force, and a computer security engineer for 14 years after
retiring from the Air Force. He is publisher/editor of “Understanding
Foucault” (2008), a book on the figuring of telescope mirrors.
Welker’s long-time interest in airships of the early 20" century
resulted in his creating a “niche” website called “Then and Now”
where he presents the results of research on airship photographs to
assess the exact location of where a photograph was taken in an
effort to preserve this fascinating history. Thus, many long-forgotten
sites have been recovered. His site is currently hosted at
https://welweb.org/ThenandNow/.



Binbsam JIk. Yeaxep — xuse y Konopano, (CILIA). Otpumas
CTYIIHBb MaricTpa Hayk 3a ¢axoMm «iHKeHepHa ¢i3uka», OyB
Kap’epHUM o(inepoM y BiificbkoBo-moBiTpsHuX cuiiax CIIIA, Ta
npoTsaroM 14 pokiB, Mmiciisi BUXOAY Y BIACTABKY, - 1IHKEHEPOM 13
KoMIT toTepHOi Oe3neku. Yinbsam [Ix. Yeskep €
BHJIaBIIEM/PeIaKTOPOM KHHUTH «3po3ymiTu Dyko» (2008) mpo
BUT'OTOBJICHHS A3€pKai 1 Teseckona. [arepec Yenkepa 1o
IUpHkabIIiB moyaTky XX cTopiuds MpHU3BIB 0 3aCHYBaHHS
«HUIIOBOTOY» BeO-caiiTy i Ha3Boro “Then and Now” (Toxi i 3apa3),
JIe BiH MIPE3CHTYE PE3yJIbTaTH CBOIX JAOCIHIKEeHb. [10 cTapoBUHHUM
doro mupmxadiis Biibsam k. Yeskep BiAIIyKye TOYHY JOKAIIIFO,
zie GyI10 3poGIeHo Ty UM iHIIy cBiTIMHY. Moro MeTa — 36epertH 1o
XBWIIOIOUY YacTKy icTopii. TakuM unHOM OYII0 «3aHOBO BiAKPUTO»
OaraTo Miclib — I[iIKaBUX, ajie JaBHo 3a0yTux. [lorouna agpeca Be6-
caiita Yinesama Yenkepa — https://welweb.org/ThenandNow/.

Buabam [Lx. Yaakep — xuset B Konopazgo (CILIA). TTomyunn
CTEINEeHb MarucTpa HayK I10 CIIeUaIbHOCTH «MHKEeHepHas (pu3nkay,
ciyxun kapsepasiM opuniepom B BBC CIHIA. [Tocie orcraBku u3
aBuanMu padotan 14 eT WHKEHEPOM 110 KOMITBIOTEPHOM
6e3omacHocT. Buabsam [xk. Yanakep — usnarens/peqakTop KHUTH
«[Tonste @yko» (2008), MOCBAMEHHON TeMe U3TOTOBICHHS 3epKall
11t Teneckorna. MHtepec Yankepa k auprka0iasm Hayana XX Beka
HPHUBEN K CO3/IaHHIO «HUIIIEBOT0» BeO-caiiTa 1o/ Ha3BaHueM “Then
and Now” (Torna-u-HsiHe), rie npecTaBIeHbI Pe3yJIbTaThl €ro
UCCIIeI0BaTeIbCKON paboThl ¢ poTorpadusmu nupuxadiei. Llens
MCCJIEJOBAaHUM — YCTAHOBUTH TOUYHYIO JIOKALIUIO ChEMKU U TEM
CaMbIM COXPaHWUTb 3TU BOJHYIOIME MOMEHTHI uctopuu. 1 BoT
«3aHOBO OTKPBITHI» MHOTOYHCIIEHHBIE MECTa — HHTEPECHBIE, HO
JTaBHO 1M03a0bIThIe. XOCTUHT pecypca B. Yankepa —
https://welweb.org/ThenandNow/.



Commentary and Useful Information

1. Transliteration of the author’s name:

On the cover page of the 1900 Russian edition of
YIPABJISIEMbBIN JIETATEJIbHBIA CHAPS B, (“A
Steerable Flying Apparatus”), the author’s name is rendered in
Cyrillic “ Danuicserazo” («Jlanunesckaro»). The issue, then, is the
transliteration into English as Danilewsky, Danilevsky, Danilevskii,
or another variant. The surname, in fact, is a frequent Polish one thus
“Danilewsky” is favored as a common rendering, found even in
medical texts of the early 20" century (A. Akimov). The best
transliteration into English, if starting from the Cyrillic (not Polish)
surname would be “Danilevskij”. For this volume, we favored
“Danilewsky” as it was presented in the German edition, also
published in 1900.

2. On the old method of hydrogen mass production

This question is answered in the article “Hydrogen for Early
Airships”, by Wm J. Welker found at
https://welweb.org/ThenandNow/Hydrogen%20Generation.html,
reproduced here for your convenience:

Hydrogen for Early Airships

1900 LZ-1 filled with Hydrogen

10


https://welweb.org/ThenandNow/Hydrogen%20Generation.html

Photo credit: Publié&b?ﬁéih, from air-ship.info.

This famous photo shows the LZ-1 on her first flight, 2 July, 1900.
Little is said about this photo, but there is much to be said! Indeed,
there is a whole page on this site dedicated to the LZ-1 here:
Luftschiffbau Zeppelin 1, (LZ-1).

It's photos like this and of ALL the other airships, famous and lesser
known, from the early 1900's that always made me wonder "Where
did they get the hydrogen?" | know, for example, that Alberto
Santos-Dumont strongly desired his own "hydrogen generation
plant”, ("My Airships", Santos-Dumont, 1904, pgs 129 & 137), and
that all the experimenters of the day needed quite a large volume of
hydrogen for each of their airships. I assumed each of these
"independent" airship builders could not depend on a nation to set up
a hydrogen source for them the way the Nation-States (Germany,
France, England, United States) could do as they developed their
truly giant airships - out of the reach of the "back-yard" developer!
Indeed, where did Willows, 1905, at age 19 get his hydrogen at

11
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Cardiff UK? Or American Thomas S. Baldwin? (Roy Knabenshue,
the 1st American to fly a powered airship, piloted an airship built by
Thomas S. Baldwin. Knabenshue then went on to build and fly his
own.)

It took a bit of sleuthing! After all, even today, well over 100 years
from the age of the airship, hydrogen is not an easy-to-find
commodity! Try to find anyone today who has any clue how to
produce large volumes of hydrogen in one's own garage! The
greatest source (tongue-in-cheek), "YouTube", is only going to
reveal methods producing minuscule amounts of hydrogen such as
the well-known electrolysis of water using a battery. You're not
going to fill a 7,000 cubic foot airship using YouTube techniques!
(Well, you COULD use electrolysis but be prepared for an
ENORMOUS electric bill!)

So how did they do it?
How did they get so much hydrogen?

A couple of clues in my research led me to the answer. First, there
was a citation in the August 28, 1909 "Flight" magazine that said:

Spherical balloons, such as are used for the purpose of pleasure
trips, are, on the score of cheapness, inflated with coal gas from the
ordinary town supply, the lifting power of this medium is so
moderate, only about 30 Ibs. per 1,000 cubic feet, that it is to all
intents and purposes useless for dirigibles, which have to carry much
greater loads in proportion to their size.

"Coal gas" or "Town Gas" was the common gas delivered to homes
for illumination and heating in the late 1800's. Urbanization had led
to the production of coal gas as a lighting and heating source and its
production and use persisted through the mid 1900's until it was

12


http://welweb.org/ThenandNow/California%20Arrow.html
http://welweb.org/ThenandNow/Knabenshue.html

replaced by Natural Gas. Coal gas is a mixture of gases (chiefly
hydrogen 50%, methane 35%, and carbon monoxide 10%) obtained
by the destructive distillation of coal. Density of coal gas is a little
less than half that of air, so it worked fairly well in spherical
balloons which did not have much structural weight.

Coal gas with its large percentage of hydrogen remains somewhat
lighter than air, while natural gas in our time (a composition of
gases, mainly methane) delivered to homes today contains only a
trace or no hydrogen and the composition's density is about 0.7, just
under 2/3 the density or air so it does remain "lighter than air", but
would not be very effective in balloons or airships. ("Propane” used
in home outdoor appliances, campers and rural homes is sometimes
confused with "natural gas™ but propane is much denser than air and
thus "heavier than air™.)

The point is, as the 1909 "Flight" magazine article made clear in a
single short paragraph is that while "coal gas" was readily available
in the era of early airships, it was not suitable for airships! A 7000
cubic foot airship could only lift about 200 pounds, total, and
excluding the weight of the pilot, that means the entire vehicle; gas
bag, rigging, keel, engine, propeller, ballast, etc. could not weight
more than 30 pounds or so! There is no way the airships built in the
early 1900's were going to weigh less than 30 pounds such that coal
gas would be used as the source of their buoyancy! They needed
hydrogen!

The "big boys", with money that is, Nation States, could afford the
"The Messerschmidt Contact Process". In that process, steam is
passed over red-hot iron which is decomposed into its elementary
constituents, hydrogen and oxygen. The oxygen is taken up by the
iron forming iron oxide, while the hydrogen is liberated. The
resulting iron oxide is reconverted into iron by treating it with
reducing gases, which produces carbon dioxide and water (steam).

13



The process is therefore reversible. (This is from Aerial Age
Weekly, 6 November, 1916, pg 199.)

Other clues came from a couple of other sources. Here is a citation
from Walter Wellman’s 1911 book “The Aerial Age”, page 131:

"A staff of engineers and experts was organized, including M.
Gaston Hervieu, gas engineer, Alexander Liwenthaal, an architect,
and M. Colardeau, a mechanical expert. In Norway | chartered a
steamship to carry us to Spitzbergen, again securing the old Frithjof,
which had taken us to Franz Josef Land in 1898. A hydrogen gas
apparatus of large capacity was built in Paris to be transported to
Spitzbergen. One hundred and ten tons of sulphuric acid for making
hydrogen were ordered from Reher and Ramsden, Hamburg, and
seventy tons of iron turnings were secured in Norway. Tons of
provisions were purchased from Armour & Co., Chicago, and Acker,
Merrall & Condit, New York, and shipped across the Atlantic."”

Another clue is found in this photo of the almost completely
unknown Trombly-Haddock airship, the "Bullet™:

14



of hefore the start of the Airship Race of September 10, 1905 at Chutes Park, wmdé?,éﬁfmﬁ

Reynolds Man Angel No.2
[{out of frame)
—

ind Grand Avenue and a popular site of many airship exhibitions. A contest between t
and Bullet — judged upon speed, altitude attained and general manoeuvring — resulted in a tie.

A dirigible piloted by Wordin
Trombly without tremendous
i -ty ~ success, 75 feet in length, 18
TEIIII % feet in diameter, with a hydro-
B} gen capacity of 22,000 cubic
feet, producing 1350 Ibs of lift
force.

To fill the envelope required five
tons of sulphuric acid and four
tons of iron filings, costing in all
175 dollars.

Photo credits: chezpeps.free.fr collection

If you can't quite read it, the sentence in the lower-right corner says:
"To fill the envelope required five tons of sulphuric acid and four
tons of iron filings, costing 175 dollars.” That pretty much cinched it
- I'm looking for "sulphuric acid and iron filings" as the method of
hydrogen production as the method the early aviators used!
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Knowing | was looking for sulphuric acid and iron filings as the
source of hydrogen I set out looking for the process. | quickly found
a very nice article in a 1908 edition of "Popular Mechanics", and
rather than try to summarize it here, I'm presenting the article, in its
entirety as published.

(In the article below, “degree Bé” refers to the Baumé scale, a
measure of a solution's specific gravity. The Baumé scale is almost
never mentioned in chemistry course but tradesmen use it as a
convenient way to check solution concentration.)

Here's the article, from the June, 1908 "Popular Mechanics", Part 11
of “Building Airships and Flying-Machines”, by Carl Shelley Miner,
The Miner Laboratories, page 381. (Part | was in the May, 1908 and
is interesting in its own right as a description of "Building Airships
and Flying-Machines, How to build a dirigible balloon”, by Glen
Curtis!)

BE sure to read past the following article Popular Mechanics for a
wonderful addition about the Hydrogen Plant of Russian airship
experimenter Konstantin Danilewsky, from 1897 to 1900! His
process paid for itself!

Popular Mechanics, June 1908, pages 381-383

Building Airships and Flying-Machines, Part 11, How to make a
hydrogen gas generator

Notwithstanding recent promising developments of the aeroplane,
especially the work of Farman, it is still true that the bulk of the really
satisfactory results in aerial navigation have been secured by the use of the
power-driven gas bag. While in many directions there have been great
improvements on the balloons of former times, hydrogen gas generated by
means of iron and sulphuric acid is still used to fill them, as it has been
almost from the beginning of ballooning. A few attempts to use hot air
have been made, but it is so inferior to the hydrogen that its use has never
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become general. The hydrogen gas, because of its extremely low gravity,
the ease with which it can be produced and its cheapness, stands without a
rival. It is so absolutely without competition in this field that there seems
not the slightest probability of its ever being displaced. The efforts of those
who are working on the problems of aerial navigation have been directed
therefore not to discovering a substitute for it, but to evolving cheaper and
more convenient methods for its production.

The method commonly employed consists in treating iron shavings with
sulphuric acid. The increasing use of hydrogen in airships and, even more,
its use in certain industrial processes, such as welding, have drawn the
attention of various investigators to the problem of improving this process,
and several excellent methods, some of them new, have recently come into
use. In the Russian-Japanese war the Russians produced gas for their
balloons by treating aluminum with an alkali. This is a more expensive
method than the use of iron and sulphuric acid, but has the advantage that
the aluminum is lighter than the iron and that the alkali may be obtained in
solid form, and so can be transported and handled much more easily than
sulphuric acid. Recently metallic silicon has been substituted for aluminum
in this process.

The French transport the hydrogen for their war balloons compressed under
a pressure of 185 atmospheres in metal cylinders and have found this plan
very satisfactory.

Two new methods make use of solids which, when brought in contact with
water, generate hydrogen gas. One of these manufactured in this country, is
an alloy of lead and sodium. The reaction of metallic sodium when brought
into contact with water is well known to even the most superficial student
of chemistry. Hydrogen is evolved and caustic soda is formed. The object
of using the lead sodium alloy is to obtain a material which is less violently
reactive than the sodium alone, for even a small amount of moisture may
cause it to react with explosive violence. The lead sodium alloy may be
more easily and safely handled and is a convenient means of generating
hydrogen.

Another material which is used in somewhat the same way is calcium
hydride. This compound is formed by passing hydrogen over heated
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metallic calcium and is a solid similar in nature to calcium carbide. By
treating it with water, hydrogen may be generated just as acetylene is
generated from calcium carbide. One pound of calcium hydride is capable
of producing 17 cu. ft. of hydrogen gas, and when it is realized that 1Ib. of
iron and 2 Ib. of ordinary commercial sulphuric acid produce only 6 1/3-
cu. ft. of gas, the immense superiority of calcium hydride will be apparent
at once. The product is, however, so high priced that it is not practical for
the ordinary investigator of the problems of aerial navigation. The old iron
and sulphuric acid method is still the best available, and it behooves him to
understand it thoroughly.

Since hydrogen is the lightest of all gases, it follows that the purer the
hydrogen, the more suitable it is for filling balloons. Air is 13 times as
heavy as hydrogen; carbon dioxide, 22 times as heavy; hydrogen sulphide,
16 times; sulphur dioxide, 32 times. All these gases may occur in the
hydrogen produced by the use of iron and Sulphur in acid. When a very
pure hydrogen is required, as in the case of Andre's balloon or Wellman's
airship, great precautions are taken to remove all these impurities as well as
the water and sulphuric acid which may be carried along with the gas
mechanically. The accompanying sketch shows an apparatus which was
designed for Andre:
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Details of Apparatus for Generating Gas

C, (Fig. 1) is a lead lined mixing tank, where the 60 degree Bé acid is

added to sufficient water to reduce the gravity to 16 degree Bé. The acid is
then run into the generator, B, into which the iron is introduced through the
valve X. A stop cock should be attached to the base of the generator, B, for
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the purpose of removing the sludge. The gas passes from the generator to
the washing chamber, D, where it is thoroughly washed by fine sprays of
water. It then passes through the chamber, E, which contains trays of
chemicals for removing the residual impurities. Finally it goes to the
testing chamber, F, where its actual purity is tested before it is passed on
into the balloon.

The apparatus used by Wellman is similar. The gas is thoroughly washed
and is passed through a cylinder filled with caustic soda, which removes
acid and carbon dioxide. It is afterwards dried, tested and perfumed, the
latter being an important precaution to aid in the prompt discovery of leaks,
since hydrogen itself is odorless.

Simple Type of Apparatus

For filling ordinary balloons or airships such precautions are unnecessary.
A simple apparatus such as is shown in the accompanying sketch (Fig. 2)
will produce a gas quite satisfactory for the purpose. 'A' is an ordinary 50
gal. barrel, having a pipe, B, connecting it with the lime tank, C. ‘A" should
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have an opening in the head through which the iron and acid may be
introduced and which admits of being tightly closed by a bung or valve. It
also has an outlet, O, near the bottom, for the removal of sludge and
exhausted acid liquor. 'C'" is another barrel partially filled with milk of lime.
This will remove acid and carbon dioxide. The removal of the acid from
the gas is very important, as otherwise it may injure the envelope of the
balloon. 'C' has a flexible connection, H, which may be ordinary hose,
through which the purified gas passes to the bag. The iron should be scraps
or shavings, not large chunks nor fine powder. The ordinary 60 degree
commercial sulphuric acid may be used, but should be diluted to 16 degree.
This may be done by adding it to about 3 1/3 times its own weight of
water. Add the acid to the water slowly, with constant stirring. Do not add
the water to the acid, as that procedure has a tendency to reduce the surplus
population *.

For a bag of a capacity of 5,000 cu. ft., approximately 900 Ib. of iron and
1,800 Ib. of 60 percent acid will be required. The actual operation of
generating the gas is quite simple. It consists merely in filling the generator
barrel about one-third full of iron, adding dilute acid to within about 1ft. of
the top and immediately closing the opening tightly; the gas then passes
through the pipe to C, and after being purified by passing through the lime
water is introduced into the balloon through the flexible tube H. Several
generators should be ready, and as fast as one is exhausted it should be
disconnected and a new one connected and put into operation. The
exhausted generator should now be emptied of the acid liquor and sludge
through the outlet O, and then refilled with acid, this procedure being
repeated until all of the iron has been used up. Of course, as many
generators may be used simultaneously as the operator desires in order to
hasten the filling of the bag.

There are many more expensive forms of apparatus for this purpose, but
the one here described will be found quite effective and very cheap. The
barrels should be of hardwood and tight. All the connections should be
close and the bung which closes the inlet and the generator should be
accurately fitted.

Remember that hydrogen gas mixed with air is violently explosive and do
not allow a light or a fire of any sort near the generator or gas pipe.
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“Ed: For those unfamiliar with this meaning, adding acid to water is safer than adding water
to acid. Adding water to acid tends to result in an explosion, with deadly results. To help
remember, there is an old mnemonic taught in chemistry class which goes like this: "Do
what you oughta, poor acid into wattah.” And another one is: "Poor ole Joe, lying calm and
placid, for he poured water into acid."

In late 2017 | learned about the experiments of Dr. Konstantin Danilewsky
who lived in what is present-day Kharkov, Ukraine and who designed his
own very successful hydrogen generator for his airships. He even wrote a
whole chapter about his process in his 1900 Russian book "A Steerable
Flying Apparatus"”. Uniquely, the hydrogen Danilewsky produced for his
work cost him nothing because he found a way to make the generator pay
for itself!

Danilewsky wrote, in 1900, that he was "always amazed that the
production of hydrogen is considered an expensive production. Even the
Aero-club in Paris has awarded a prize to someone who will reduce the
cost of hydrogen. In the past (1898), in my report, | pointed out that the
production of hydrogen is almost free of charge; ... At first glance, this
seems to be a paradox..." Then he writes "The cheapest method of
obtaining hydrogen is an old method: the action of liquefied sulfuric acid
on iron filings. The main products of this interaction are pure hydrogen
(H2) and iron sulfate (SO4_Fe2)."

That statement "old method" caught my eye for it took me quite a bit of
research to determine the method, and still | found citations only from the
early 1900's, and here is Danilewsky saying "...it's an old method"! An
email exchange with a colleague confirmed it was an old method and
steered me in the right direction to research the technology. It turns out the
earliest hydrogen production by this method was in 1650 by Turquet de
Mayerne, a Swiss-born physician! There are many engravings of balloon
activity in the 1600s to 1800s showing the many barrels and pipes which
were set up to produce hydrogen. Here is one such image:
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Photo credits: Public Domain, originally from "Fig Tree - The Wonders of Science, 1867 -
1891, Volume 2"

In Danilewsky's book he reveals the secret about his process: He writes
"Chemical plants, where iron sulphate is produced in large quantities, look
at hydrogen as a waste product while aeronauts, needing the hydrogen,
look at the iron sulphate as waste...simple logic will tell you that in the first
case, each of them must be given what is valuable to him: the aeronaut to
be provided hydrogen, and the chemical plant - iron vitriol. The chemical
plant, therefore, will pay the aeronauts all the cost spent on obtaining
hydrogen."

("lron vitriol", also known as "green vitriol" is the iron salt produced from
the chemical reaction of sulfuric acid and iron. The product is used as a
pigment, as a fertilizer, and medically as an iron supplement.)

In Danilewsky's hydrogen plant, he produced hydrogen for his airships,
and green vitriol to sell, thus providing his hydrogen for "free"!
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So how did he do it? Chapter 5 of his book continues:

The calculation is very simple:

In theory, 33 [imperial] pounds [about 16.38 kg] of sulfuric acid, worth 85
kopecks and 23 [imperial] pounds of iron filings, cost 30 kopecks (total 1
rub. 15 k.), provides 89 [imperial] pounds of ferrous sulfate [green vitriol],
which sells [ 2.12 kopeck per imperial pound]. ...So, with a cost of 1 rub.
15 kopecks for the raw material, it produces 1 rub. 90 kop. gross income
from the sale of the vitriol." (Danilewsky obtained his hydrogen for free!)

Danilewsky adapted his hydrogen plant from the plans and drawings of VP
Pashkov of the Kharkov Technological Institute.

Referring to the figure below (adapted from the insightful interpretation of
Dr. Alexander Akimov, of Kharkiv, Ukraine), the hydrogen production is
as follows:

Sulfuric acid, properly diluted, is pumped into tanks "A". The acid is
regulated by valve "C" (one valve for each tank A), and flows into tank "B"
as a spray or "rain" onto the iron fillings in tank "B". This is represented by
the light-blue lines in the figure. The hydrogen produced (red line) flows
out of tank "B" into the bottom of tank "D". Tank D is filled with coke,
through which the hydrogen percolates. When the hydrogen emerges from
the coke, it encounters a spray of water, "E" which has been pumped in to
the tank (dark-blue lines). The hydrogen, thus "washed" to give up its
molecular water, is allowed to pass to tanks "F" and "G" which are filled
with caustic lime. This bubbling of the hydrogen through the lime further
purifies it (I am no chemist), and the purified hydrogen (red line) is then
passed to the airship envelope.
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| am not addressing the process to retrieve the iron sulfate and dry it and
produce the green vitriol. Suffice it to say that the iron sulfate from tank
"B" is drained and processed into the product marketable as the green
vitriol.

So here, a decade before the 1908 Popular Mechanics article appeared,
Russian aviation enthusiast Konstantin Danilewsky perfected the
production of hydrogen for his experiments and made it profitable! It was
so simple, wrote Danilewsky, that two "ordinary" townsfolk were hired to
operate the hydrogen production with complete success. | should note that
in 1897, when Danilewsky began his experimental efforts, he apparently
filled his "Embryo™ airship with hydrogen produced by a process very
much like what is described in the Popular Mechanics article. Danilewsky
describes his initial hydrogen generator as "collapsing" just as he obtained
enough hydrogen to fill his airship!

There you have it! While some of the airship experimenters in the
early 1900's may have been fortunate enough to be able to buy their
hydrogen from a producer in the area (such as existed at the France
Aéro-Parc (Aéro-Club Francais), at Saint Cloud), many more had to
use the established technique to produce their own! All they needed
were lots and lots of sulphuric acid and lots and lots of iron filings,
and a lot of careful, experimental care and patience!

24


https://welweb.org/ThenandNow/images/H2Production.jpg
https://welweb.org/ThenandNow/images/H2Production.jpg

2. On the variations of K. Danilewsky’s airships

In the article “Airships of Konstantin Danilewsky”, by Wm J.
Welker found at https://welweb.org/ThenandNow/Danilewsky.html.
It is reproduced here for your convenience:

The first Danilewsky airship: The "Embryo"

Figure 1. Photo credit: Public domain

This very fine, detailed photograph was taken in October, 1897 in
what is today Kharkiv, Urkaine. It is Danilewsky's first of four
airship designs, developed with the goal of methodically uncovering
the many nuances of flight at a time when human flight was still on
the distant horizon. Danilewsky received a patent for this design on
October 22, 1897.

This was, for me, in all my years of airship research, a terrific and
rich discovery!
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In the late 1800's, when Zeppelin was beginning his work in
Germany, and Santos-Dumont had not yet built his first airship, a
man by the name of Konstantin Danilewsky, (b. 1857, d. (?)), a
physician from Kharkiv (then Kharkov, Russian Empire), had
already patented his ideas for an airship powered by a human! This
was nearly a decade before Alva Reynolds or Thomas Baldwin in the
United States both tested and flew their own man-powered
dirigibles: See Man Angel on this site.

Konstantin Danilewsky built and tested 4 airships in the years just
preceding 1900. His log-book documents, during the years 1897—
1899 nearly 200 ascents, and unlike many pioneers of aviation in this
era, exactly the same number of safe landings! In the sections which
follow, I will illustrate each one of these airships as best as I can,
given that the great majority of historical information about the
Danilewsky work is in Russian or German.

Please note, | have endeavored to include an acknowledgements
section at the end of this article. I am most grateful for the help |
received.

Danilewsky's Vision

Danilewsky is mentioned in several publications of the era, including
Scientific American, and his work was evaluated by two great
Russian scientists, the aerodynamicist Nikolaj Zhukovsky and
rocketry theorist Konstantin Tsiolkovsky. In 1900, Danilewsky
himself published a small, 82 page, book about his work in which he
describes his vision in his own words:

"When | was still a student, I frequently thought that it would be very
simple and easy to arrange a flying apparatus so that at the command of
the aeronaut (he could) ascend into the air, descend, or stop and
motionless in the air and generally maneuver; and all this can be done as
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many times as necessary without discarding any ballast and without
releasing the (lifting) gas. To do this, you just need to lighten the weight of
a person with a hydrogen balloon; but not completely - rather to leave
some of its weight with an unbalanced balloon, and now the man himself
will raise the remaining weight by his work on his wings: when he works,
the apparatus rises into the air; will he ceases to work - it will lower."

Figure 2. Photo credit: Public domain.

The photo above is the title page to Danilewsky's small book, which
was the culmination of his work. (The cover page image is linked to
the book, in Russian, downloadable as a PDF file). The title is "A
Steerable Flying Apparatus™ and it was written at the end of a brief
period of experimentation filled with insight and discovery, yet
largely dismissed and, sadly, today mostly forgotten. (An e-copy of
the book courtesy Scientific Library of the Kharkiv National
Aerospace University KhAl, and by Mr. S. Dmytriienko, Kharkiv, is
available — see acknowledgements, page 6.)

Danilewsky's idea was that he would build an airship, not quite
buoyant, which would offset the weight of the airship itself and most
of the weight of the pilot. The pilot then, using his own muscle-
power would become the “engine”, operating the propulsive
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mechanism, in this case "oars" (or "wings") instead of a propeller
driven by a petroleum engine.

But Danilewsky repeatedly set aside his vision, putting it in a "box",
he writes, resulting in years of simply thinking about his idea from
time to time. Danilewsky states: "Sometimes, you take the idea out of
the box, and you admire it and again carefully hide it - in the same
box. And so it dragged on for many years."

In 1894, Danilewsky is reported to have made a model of his idea.
One description of this model says: "The device had an ‘airplane
plane’ about 20 meters long and about 13 meters wide (about 60 x 42
feet!), similar to a mattress. It consisted of a light frame and attached
to it several dozen cylindrical cylinders of hydrogen. To the frame
on the slings was hung a seat for an aeronaut with a pedal
mechanism. Rotating the pedal, the balloonist set in motion a vertical
air screw." [Note: In the late 1800's an "airplane” was any (nearly)
flat object/device intended to move through the air horizontally with
its surface forming a "plane™ against the air. Hence the name "air-
plane”. Think of a piece paper held in the air. The paper is a "plane”,
and in the air it is an "air plane”. Today, of course, the term conjures
up a more familiar image.]

It's a bit hard to imagine the "model" of "20 meters long and 13
meters wide" as those dimensions are larger than anything
Danilewsky ever built! Presumably the model was sub-scale, perhaps
2 meters by 1.3 meters (about 6 x 4 feet), so he could illustrate his
concept to interested parties in search of funding. Danilewsky writes:
"...she obediently flew in all directions at will; many people saw it;
but there was not an investor among them to go with me on a voyage
on the waves of chance and risk."” (Here Danilewsky aptly describes
his need for a benefactor to support the cost of building and testing a
full-scale airship.) The model was evidently large enough to fill with
hydrogen and likely conducted only tethered flights. Finding no
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investor, Danilewsky once again "shelved" his idea in the box until
1897.

In that year, Danilewsky refurbished the model and demonstrated it
again. This time he found his investor - philanthropist Andrei
Andreevich Pilstrom! So grateful was Danilewsky, that he wrote in
his 1900 book "May his noble name be eternally connected with this
young, universal human cause.” That same year, Danilewsky
ordered the hydrogen envelope for his first "real™ airship from the
Lachambre brothers of Paris, who were in the business of making
balloons. This first airship was the "Embryo™ (see below) for it was
the "seed" or "germ" of his grand idea. The Lachambre brothers
would play a role in the ultimate failure of Danilewsky's dream.
More on that as you read a bit of this marvelous though little-known
history...

Identifying Danilewsky Airships

Anyone encountering the historical record of the Danilewsky
airships will quickly discover confusion as to which of the four
Danilewsky airships is which! This is similar to the confusion as to
the identity of the American Reynolds and Baldwin airships (see
Man Angel). Curiously, though misidentification of airships is not
infrequent, (it happens quite a lot!), it is interesting to note that the
link here between the airships of Danilewsky, Reynolds, and
Baldwin is that they are all "man-powered" airships!
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Danilewsky No. 1, the "Embryo"

Figure 3. Photo credit: Public domain. From DaniIeWsky's book, page 6.

Other than Figure 1, (pg xxvii), the only other photos of the Embryo
found during my research were in Danilewsky's 1900 book. It is
Danilewsky's first airship and its design is remarkably close to the
drawing of his idea in his 1897 patent (see Figure 4).

Specifications?:

e Length: ~36 ft (11 m)

e Max Diameter: ~12 ft (3.6 m)

e Envelope ratio (L/D): 3.0

o Operating dates: 8 October 1897. (Some 25 ascents made
according to the Dec 31, 1898 issue of Scientific American
magazine).

e Visual: Visual: Elongated envelope, rounded stern and a
cruciform shaped bow, and a single spar which acts as a keel.

2 (Given the dimensions derived for the Pilstrém by Dr. Alexander Akimov (see
Pilstrom, below), using the waist-height of 3 ft derived for pilot Peter Kosiakov (the
only pilot of all 4 of the Danilewsky airships), the dimensions of the Embryo are
derived.)
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A "blanket", supporting ropes, surrounds the envelope and
descends to attach to the keel spar. A frame basket is
suspended from the middle of the keel to support a single
pilot. "Wings" extend from the pilot's basket which are
operated by the pilot using his feet to "wave" the wings up
and down. The pilot and basket can "tilt forward™ thus
changing the angle of attack of the wings such that horizontal
propulsion was possible.

Danilewsky's idea, remember, was that if an airship could be just the
right size to compensate for not only its weight but also almost all
the weight of the pilot, then the pilot could act as the "engine™ using
his own muscle power to provide propulsion. In Danilewsky's time,
light-weight gasoline engines were not yet available, and though
Danilewsky recognized the obvious benefit of using a gasoline
engine, he sought to solve the problem of flight in a practical, step-
by-step manner such that when the light-weight gasoline engine
inevitably became available, it would be a simple matter to outfit the
craft with a mechanical engine.

Not much is known about flight tests of the Embryo. It can be
speculated that flights of the Embryo were not encouraging. The
"nose" of the envelope was, according to Danilewsky's patent,
intended to be far more "pointed” (i.e. a steeply shaped "V"), to
reduce air resistance as the craft was propelled forward. (Danilewsky
was keenly aware of and sought to reduce air resistance as much as
possible.) As can be seen in this photo of the Embryo, the builder of
the hydrogen envelope did not provide the desired, steep "V shape
of the nose! Additionally, the method of attaching the keel to the
gas-envelope using a blanket wrapped around the gas-envelope no
doubt proved "heavy". Indeed, the craft could not lift Danilewsky,
who had intended to fly it himself. Danilewsky arranged for a young
mechanic named Peter Kosiakov to fly the craft for him. Young Mr.

31
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Figure 4. Drawings from Danilewsky's 1897 patent. Photo credit: Public domain.
Kosiakov went on to fly all four of Danilewsky's brilliant airships!

Given the late date of the first flight of the Embryo (Oct, 1897), and
its likely disappointing performance, it would not be beyond reason
to ague that the Embryo's only flights were that day! Danilewsky
writes in his book that he barely got the Embryo's envelope filled
with hydrogen before his hydrogen generation plant "collapsed”. He
concludes "The experience was a success; and we made a series of
tethered and free lifts into the air and descents."

Regarding the Embryo's performance, Danilewsky writes: "I will not
speak here of the shortcomings of my first apparatus-for there are
thousands of them: this apparatus was the essence of maladroitness;
but at that time, in the air, she seemed to me a wonderful winged
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Pegasus.” But the Embryo was too heavy and maneuverability was
clearly a problem. The oars were heavy and cumbersome and
required redesign to be lighter and more responsive. Dr. Danilewsky
no doubt had ideas for the next version of his dream!

Danilewsky No. 2, the ""Pilstrom™

Sometimes written in English as the "Pilstrom™ or "Pilstrem", it is
named after Danilewsky's benefactor Andrei Andreevich Pilstrém
who provided funding for Danilewsky's experiments until he died
suddenly (sometime in early to mid 1900(?)).

Figure 5. Photo credit: Public domain
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Specifications®:

e Length: ~43 ft (13 m)

e Max Diameter: ~14.5 ft (4.4 m)

o Envelope ratio (L/D): 3.0

e Operating dates: 1st ascent, 18 Jun 1898. Numerous ascents -
up to 150 conducted - through the summer of 1898.

e Visual: Elongated envelope, sharply pointed bow while very
rounded at the stern, projectile or bullet shaped. A single spar
acts as a keel. The "blanket" of the Embryo has been replaced
with a lighter "netting" over the envelope from which lines
(lanyards) around the envelope descend to attach to the keel
spar. Like the Embryo, a basket is suspended from the middle
of the keel to support a single pilot. Various photos of the
Pilstrém show not only that many types of "oar" designs
were tested, but the airship itself seemingly was constantly
modified. (See additional photos, below).

The Pilstrdm was the "workhorse" of Danilewsky's ideas. Reported
to have had at least 150 ascents in the summer of 1898, Danilewsky
had the opportunity to evaluate oar shapes, oar operation, the most
advantageous mounting point for the oars (high or low - at the pilot's
shoulder level or at his waste), the securing of the pilot's sling, and
the conduct of flight: ascent, descent, turns, capability against the
wind, etc.

The Pilstrom also exhibited innovations which are not visible in any
photo. Concerned with "longitudinal stability” of a horizontal
balloon, Danilewsky solved the problem himself. First a word about
longitudinal instability:

3 (The approximate length and diameter were assessed by Dr. Alexander Akimov of
Kharkiv, Ukraine, who rendered volumetric models of the Pilstrom based on published
accounts of the craft.)
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Longitudinal instability in an airship is encountered when the
hydrogen contracts thus reducing pressure in the envelope and
causing the envelope to "slacken". The resulting slack permits the
envelope to become flexible and the hydrogen then, gathers at
whichever end of the airship's envelope happens to be the path of
least resistance for the hydrogen to find a "high point™. That pooling
or gathering of hydrogen at one end of the gas envelope, of course,
causes greater lift at that end, and the axis (pitch) of the airship is
affected. Say the airship has pitched down since the hydrogen
gathered aft. If the pilot applies power to the engine to "force" the
airship to return to level, the hydrogen simply flows forward in the
slackened envelope, consequently shifting the lift at the nose, and the
airship begins to pitch too high. This is the instability. Non-rigid
airship designers solved the problem with an internal "ballonette” - a
separate balloon inside the hydrogen-filled envelope - which could
be pressurized with air to maintain the interior pressure of the
envelope so the envelope never "slackened"” and the hydrogen never
"pooled" at one end or the other.

Danilewsky wrote that he was unable to learn how others handled
the problem of longitudinal instability. He therefore solved the
problem himself! His innovative solution was to install a series of
transverse silk partitions inside the gas cylinder, making it difficult
to transfuse the gas from one end to the other. As the hydrogen
expands or contracts as it heats or cools, the gas is constrained within
the envelope by these partitions so that large volumes of hydrogen
could not "suddenly" migrate from one end to the other when the
overall pressure in the envelope was reduced. Danilewsky's solution
was brilliant, for he did not have a petroleum engine, driving a
propeller which, in turn, provided the air to pressurize an internal
ballonette!

Available photos of the Pilstrém hint at the many external changes
made as Danilewsky put the craft through its many tests. Here are a
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few photos to illustrate. The photos are in no particular order
because it is impossible to accurately assess the dates of the
individual photos so as to present the photos in order.

Figure 6. Photo credit: Public domain

Figure 7. Photo credit: Public domain
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Figure 9. Photo credit: Public domain
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Danilewsky No. 3, the ""Orichka"

The Orichka is a bit of a mystery. Since flights of the Pilstrém took
place throughout the summer of 1898, beginning in mid June, and
the only known flights of the Orichka took place on 5 & 6 August of
the same summer, it is reasonable to assume that the envelopes for
both crafts were procured from Lachambre in Paris in the same
purchase order. The gas-bag/envelope (Danilewsky simply calls it
"the balloon™) for the Orichka appears to be the same design as the
Pilstrom, and was reported to be about the same volume, but the
Orichka was longer (by about 12 feet (3 meters)) than the Pilstrom,
and would necessarily need to be somewhat smaller in diameter than
the Pilstrom to contain the same volume. There are few photos of the
Orichka which can be decidedly determined to be the Orichka and
which are not mistaken as the Pilstrém. The absence of photos and
the only known flight dates of 5 & 6 August suggest not many flight
tests were conducted which suggests Danilewsky was somehow not
satisfied with the performance of the Orichka.

Figure 10. Photo credit: Public domain.
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Specifications*:

e Length: ~51-55 ft (15.6-16.7 m)

e Max Diameter: ~13 ft (4 m)

o Envelope ratio (L/D): 4.0

e Operating dates: 5 & 6 August 1898

o Visual: Similar appearance to the Pilstrom, but a noticeably
longer hydrogen envelope and keel-spar.

If I may be permitted to speculate: The Pilstrom and the Orichka are
reported to have been "about the same volume" but the Orichka was
longer by about 12 feet (3 meters). What would Danilwesky have
been thinking? Since he likely ordered the envelope for the Pilstrom
and the Orichka at the same time, the difference in the envelopes
most decidedly was not due to experimental results! Rather,
Danilewsky might have had some doubts about the best shape of the
envelope, against which he was hedging his bets. If one design
worked well, all is good. But if one does not work, there is the other!
My guess is that Danilewsky was not comfortable with his
computations and estimations of just what length-to-diameter ratio
would function the best for an airship powered by his human engine.
Perhaps he had doubts that his solution for longitudinal stability
would work? Perhaps it was his concern about air resistance that led
him to two different envelope designs. Whatever the reason, we may
never know because Danilewsky did not write about the successes or
shortcomings of the Orichka over the Pilstrom.

4 (There are few photos of the Orichka and no dimensions provided in any document
found to date. The dimensions presented here are derived from the known (assumed)
waist-height of pilot Peter Kosiakov (about 3 ft) and an estimate of the angle off
perpendicular of the photo of the Orichka.)
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Danilewsky No. 4, the unnamed variation simply called the
"*1899" version.

Danilewsky long thought about the best solution to overcome air
resistance of the envelope during ascent. Most of the pilot's energy
was expended ascending. You get sense that Danilewsky was most
troubled by the effort it took for his pilot (the human-engine) to
overcome that unforgiving resistance to climbing. Also concerned
about longitudinal stability, he fully recognized that a vertically

Figure 11. Photo credit: "La Navigation Aérienne-Histoire documentaire et
anecdotique". Public domain.
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oriented balloon would go a long way to solving both problems! The
pointed end of a vertical balloon would produce far less air
resistance during ascent, and the vertical orientation of the balloon
would have absolutely no longitudinal instability!

An entirely new airship design was planned for the 1899 tests,
including a radical new balloon which, oriented vertically, would
also be steeply pointed at both ends. A plane-surface (in those days
called an "airplane™, remember, in the late 1800's what we know
today a the "airplane™ did not exist) which would act as a
"parachute" to control both decent and horizontal displacement.

Specifications®:

e Length: ~55 ft (16.7 m)

e Max Diameter: ~13 ft (4 m)

o Envelope ratio (L/D): 4.0

e Operating dates: Late September and October 1899. About
40 ascensions before weather prevented any further testing.

« Visual: An envelope is positioned vertically (unique to
Danilewsky). In the design, both ends of the envelope are
pointed. Instead, the envelope procured from the Lachambre
brothers in Paris had construction flaws which needed

5 (There are also few photos of the 1899 and no dimensions provided in any document
found to date. However, the available record indicates the envelope used was the same
as that used in the Pilstrém and/or the Orichka - (see text). Danilewsky reports that the
enveloped ordered for the 1899 did not meet his specifications, so he conducted some
flight tests with the envelope of the Pilstrdm even though the lower end, which could
not support itself, appeared "ugly" with creases and folds which would have not been
present if the envelope he had ordered for the 1899 version had been properly
constructed. Measurements of the apparent dimensions from the few photos found of
the 1899 do result in envelope dimensions the about the same as the Pilstrom.)
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correcting before use. Lacking time for 1899 experiments,
Danilewsky instead employed the envelope for the Pilstrom
from 1898 for this season's experiments. Underneath the
envelope was a rectangular "frame" (the "airplane”, refer to
the photo above) with louvers which could be opened or
closed as needed to assist ascent or inhibit descent. A twin set
of 4-bladed paddle propellers were situated on the left and
right and slightly behind the pilot which could be oriented to
provide desired propulsion up, down, left, or right.

*

Figure 12. Photo credit: Scientific American Jan 20, 1900, pg 43. Public domain.

As mentioned in the "Visual™ specification, above, the "airplane”
suspended below the balloon was designed with "louvers"” which
could be controlled by the pilot to be "closed"”, "open" or set to any
angle in-between. Open, the louvers permitted free-flow of air
through the airplane offering the least resistance. Closed, the louvers
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created a resistive surface, such as that of a parachute, against air
flow. The louvers positioned instead at an angle, caused the direction
of airflow through the airplane to be displaced as the craft ascended
or descended, thereby imparting a slight horizontal displacement
which could be controlled by the pilot.

The pilot sat in a "trapeze" or "sling" suspended from sides of the
balloon and the airplane. Not only could the pilot control the position
of the airplane louvers, but he had a dual set of propellers on either
side, slightly behind him, that he could activate using his leg power
like a bicycle. The pilot could, through an ingenuous coupling
mechanism, set the propellers to force air "down" or "up", thus
ascending or, when descending, add to the speed of the descent.

So the intent of the 1899 vertical design was to have a streamlined
gas envelope pointed at both ends, configured vertically to minimize
air resistance as the airship ascended or descended. But Danilewsky
writes in chapter 4 of his book that the envelope for the 1899 version
received from the Lachambre brothers of Paris was received late
(which he admits was his fault) and "had shortcomings" which,
though correctable, did not permit him time to conduct flight tests
during the remainder of the summer of 1899 before the weather
turned too poor for flights. In virtual despair, with limited funds, and
time running out, he assessed proceeding with his experiments by
using the balloons of the Pilstrdm and/or the Orichka. He decided he
could do that, and by late September, he had constructed the 1899
airship and began testing. [At this point, | should make the reader
aware that in all photos of the 1899, the lower-end of the balloon
appears uninflated, and distorted. Danilewsky hated that appearance!
He called it "ugly”! His intent was for the balloon to be held rigid at
the lower-end by a set of vanes but the Lachambre builders provided
a balloon which did not meet his design! Thus, the 1899 airship
looks like the lower part is collapsing, because unfortunately, it is!
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Circumstances forced Danilewsky to use his existing balloons which
were not designed to be used vertically.]

Even with a balloon which did not meet Danilewsky's design goal,
operations were ingenious and simple. For ascent, the pilot would
ensure the louvers of the airplane were "open™ so as not to restrict
airflow and the double propellers would be configured to push
(down) for lift. After ascending to the desired altitude, the
configuration of the propellers was adjusted to push in the opposite
direction while the louvers in the airplane were adjusted to an angle
so as the craft descended, a slight horizontal component of motion
was imparted. Thus, as the craft descended, it was also displaced
horizontally. At a safe, low altitude, the louvers would be opened,
and the propellers adjusted to provide lift and the pilot would propel
his way back to altitude.

This method of navigation worked in both still air and in light wind
the only difference being that in light wind, the entire craft was
displaced laterally as it ascended. Here is a drawing from
Danilewsky's book showing how the vertical airship ascended and
descended to produce a horizontal displacement:

<nr. VIIL

Figure 12. Photo credit: Public domain. Danilewsky's book "A Steerable Flying
Apparatus"”, 1900, pg 26.
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In the illustration, above, the solid line represents the flight path in
still air. The pilot drives the craft vertically to the desired altitude,
with the airplane louvers fully opened. Upon ceasing operating the
propellers for ascent, the pilot then adjusts the louvers to an angle,
and sets the propellers to direct their thrust downward for the
purpose of accelerating the decent. As the craft rapidly descends, the
airplane louvers impart a horizontal component of motion. At the
lowest desired altitude, upon setting the propellers again for ascent,
the louvers are adjusted to an angle to favor the desired continued
horizontal component, and the pilot drives the propellers once again
to ascend. Thus, in still air, the craft is maneuvered, at will, in the
desired direction of flight.

On the other hand, against light wind, the flight path is represented
by the dashed line. The flight path is essentially the same except that
the wind imparts a component of drift opposite the desired direction
of motion. All other aspects, the actions of the pilot, and the settings
of the propellers and airplane louvers remain the same. The most
significant impact of a (light) wind is that it takes more
ascent/descent cycles to travel the same distance.

In actual test flights of the 1899, since Danilewsky was forced to use
an earlier balloon, not designed for vertical operation, and the
decent, even in still air, was most certainly hindered as the lower-end
of the balloon must have acted as an additional parachute-like
resistance. Nevertheless Danilewsky writes of success and setbacks
in a series of flights in September and October, 1899 - experiences
typical for this sort of developmental program. The concept was
proven, though not made practical, much to the dismay of Dr.
Danilewsky.

Here is one extremely interesting Danilewsky concept I think is

worth making note of. Since the pilot was causing the airship to
travel horizontally quite unpredictably, and it was not possible to
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have "ground crew" waiting for the pilot's final descent, upon
descent the pilot would extend his feet from his pedals, permitting
his feet to first contact the ground! "The feet of the aeronaut,”
Danilewsky writes, "in this case, play the role of a spring."” Further,
if the pilot desired to stay on the ground, in the next moment after
touching-down, he would screw into the ground a specially adapted
drill! The pilot then, with the craft anchored, was then free to exit the
craft without a ground crew present! Compare this technique to that
of the European Space Agency robotic "Philae™ spacecraft which
attempted to land on comet 67P/Churyumov-Gerasimenko on 12
November 2014. Philae had "anchor harpoons” which were supposed
to secure the spacecraft to the comet moments after the spacecraft
contacted the comets' surface. The harpoons did not work and the
tiny spacecraft rebounded off the comet. Perhaps Daniliewsky's
method should have been evaluated by the European Space Agency's
Philae team!

Ignominious End

Danilewsky's ideas were nothing short of brilliant. While he fully
recognized that his efforts were "premature” in terms of resulting in
a practical airship for common travel since a gasoline engine light
enough to mount on an airframe suspended from a balloon was not
available in his time, he knew that this concept of flight could still be
examined and tested using human power. In this goal, he succeeded
even though, as fate would have it, the rest of the world had "moved
on", collectively fantasizing about the efforts of world-wide
experiments with heavier-than-air flight and with the effort of
several nations to build large, fully dirigible airships powered by
engines of which the engine's weight was not such a hindrance
because the balloon itself was large enough to compensate and
against which no individual could hope to compete.
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The press was unkind to Danilewsky, unjustly in my opinion. He
was invited to speak to the aeronautical subsection of the Tenth
Congress of Naturalists and Physicians in Kiev in August, 1898.
Danilewsky reports that his report "went almost unnoticed". Aviation
journalists were most unkind making statements that Danilewsky's
work "offered nothing new to aviation™. Sometime in the period
1898-1899, Danilewsky's only benefactor, A. A. Pilstrom, had died.
By summer of 1899, Danilewsky had exhausted his many appeals for
new benefactors, and having ordered the envelope late for his 1899
vertical airship, the balloon arriving late for summer testing and
which failed to meet his specifications, thanks to the apparent
inattention by the Lachambre brothers, he was forced to test, as
summer ended, using the envelope of the Pilstrom and Orichka gas-
envelopes. Upon completion of his (rather successful) tests in
October that final year, funds exhausted, Danilewsky had to "throw
in the towel" so-to-speak.

Danilewsky wrote, likely with his detractors in mind: "Stubborn
people who recognize only a complete solution to the problem of
flying a man will wait long for their winged Pegasus; but there are
others, more practical, who will be content with what is now at hand.
These people, with unshakable hands vigorously tackling the matter,
with thousands of experiments over several years will develop
manned flight to the sublime solution and will bring aircraft to
perfection."

Indeed. He was right.
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Location of Danilewsky’s pioneering and successful
flights

Kharkiv, Ukraine

There is a wonderful photo, reproduced below, showing the Pilstrom
partially emerging from a hangar as men stood for the camera
displaying the many "oar" (or "wing") designs of the Danilewsky
idea and dream. | never imagined I could identify the location of this
amazing image! Usually, something in the image must still remain,
today, which can identify the location, but here, | had nothing - no
visual clue! However, researchers of Kharkov history have identified
it! This airship hangar was located at Mironositska 50, an address
which still exists today in Kharkiv, Ukraine!

Figure 13. Photo credits (above): Public domain
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This was the site of Danilewsky's airship operations in 1897 and
1898. (Sometime in 1898, Danilewsky built a second operations site
outside of Kharkiv, near Rogan (see below). But it was here that the
Embryo was built and inflated, and it was here where Danilewsky's
initial hydrogen generator "collapsed" just as the Embryo had been
filled. In this photo, above, you can just see most of Danilewsky's
more robust hydrogen generator in the lower-left corner. The large
sign above the large doors of the airship shed reads in Russian: "cb
OI'HEM He noaxomuts", "DO NOT APPROACH WITH FIRE"!
Note also that the Pilstrém was not just stored in this shed, but that it
as flight tested here. See Figure 9, above - the shed is seen in the
lower-left corner of the photo.

Here is a photo of the location today courtesy of Google Earth. The
view is looking to the Northeast at the corner of Mironositska and
Petrovs'koho St/(Yaroslava Mudrogo St.). If this view were in 1898,
you would be looking pretty close to the back side of the two-story
tall airship shed! When an airship was brought out of the shed, it
would have been seen over this very location!

Figure 14. Photo credit: Google Earth.
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And here is the map view in Google Maps, (Lat Lon) 50.007031
036.239568. (Note there is a change of the street name between
Google Earth an Google Maps. Google Maps refers to "Petrovs'koho
St." as "Yaroslava Mudrogo St.":

,:\;,‘

Museum of

SN Map date-82019 Google Imagery ©2018 GNES /: Airbus, DigitalGlobe  Terms of Use

Figure 15. Credit: Google Maps.

The change in the street name, depending on the date of the map,
does not matter because in the time of Danilewsky's work, the cross-
street did not yet exist! Here (below) is a portion of a very fine map
of the area from 1889. The area which is today "Mironositska 50" is
highlighted with a red oval. The cross street did not even exist at that
time! The street BACEMTHAS (Bassejna), at that time, had not yet
been extended to today's "Mironositska" street!

The point is, that the location of Danilewsky's 1st airship shed, at
what is today known, today, 120 years later, as Mironositska 50, is
known! This aspect of the history of Kharkiv is beyond dispute and
IS most exciting!
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Figure 16 Credit: Public domain.

"Hippodrome"', Kharkiv, Ukraine

A Hippodrome, is a race track, typically for racing horses. In the
period 1897-1899 that Danilewsky was building and testing his
airships, the area of the Kharkiv Hippodrome was a vast, open space,
there seems no question that from his airship operations at
Mironositska 50, he would have transported his airship through he
streets to the Kharkiv hippodrome where he could then conduct
flights without fear of dangerous obstacles. Indeed, Danilewsky
writes in Chapter VI of his book, that "After the examination of the
terrain, the aircraft, remaining charged [i.e. with hydrogen], can be
freely transferred to another place by two or three people. For
convenience of transport, small bags (of sand) can be hung along the
balloon's keel to balance its lifting force [since it would not be
carrying the weight of the pilot]. The aircraft can also be moved
from place to place, remaining in the air with an aeronaut.” Several
photographs of the Pilstrom reveal a background of a wide-open area
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with some trees which may be the trees along what is today the
Belgorod Highway from Kharkiv in the open area of the

hippodrome. A couple of examples of such photographs of the
Pilstrém are provided here:

Figure 17. Credit: Public domain.

Figure 18. Credit: Public domain.
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These photos do not appear to fit the time-frame of Danilewsky
flights at Rogan, and the expanse underneath the Pilstrom in-flight
suggest that the photographs were some distance from the shed at
Mironositska 50. Indeed, landing the Pilstrém would have required
some latitude, an open area, and it was not likely that Danilewsky
would have expected his pilot to precisely navigate the craft back to
the shed at Mironositska 50, which would have been a difficult and
dangerous operation. (Danilewsky writes in Chapter 1V of his book
that on September 10, 1899, during a descent of the 1899 airship at
Rogan, a propeller was damaged as the craft settled against the roof
of the airship shed. Danilewsky was keen on avoiding injury to his
pilot suspecting that any injury would lead to a prohibition of his
experiments.)

Here is the likely location of the hippodrome in Danilewsky's time:

Figure 19. Credit: Public domain.

The hippodrome was just over 3/4 a mile (1.2 km) from the
Danilewsky operations at Mironositska 50.
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Today, a track still exits in the same area, (Lat Lon) 50.015474,
036.251745, as well as an air field just to the NE of the track:

Flgure 20. Credit: Google Maps

Rogan (Rohan'), Ukraine

As already mentioned, Danilewsky built a second airship operations
location near Rogan. A very nice photo of the airship shed build
there is reproduced below. It shows the Pilstrom in front of the shed.
The shed is known to have been near the railroad tracks which ran,
and still run, at Rogan! An article in the Russian "Ballooning

Magazine" writes:

"At the beginning of 1899, the Kharkov Provincial Gazette wrote:
'When the train approaches the village of Rogan, recently
constructed buildings of a strange kind are being built near the
railroad tracks." It was the hangar and the fantastic apparatus of
Konstantin Danilewsky. Here, outside the city, he moved his 'test
station'. From here he demonstrated the incredible, as it looked then,
flying his 'Ornithopters' and 'Flying Carpets'..."
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As the 1899 newspaper stated, the airship operations were visible as
the train approached Rogan station. The "fantastic apparatus™
referred to may include one of Danilewsky's dirigibles, but no doubt
it also referred to the large shed and the hydrogen generation plant
Danilewsky had to build, required to produce massive volumes of
hydrogen. (See "Hydrogen for Early Airships"”, on this site. The
entire complex must have been startling or even frightening to some
unsuspecting train passengers! Here is a photo of the airship shed at
Rogan with the Pilstrom ready for flight. (Even the pilot, Kosiakov,
is seen seated in position apparently ready to go.)

e
. i, . >

Figre 2. Photo credits (above): Public domain

The site was near the Rogan train depot and a 1918 era map (see
below, courtesy the Library of Congress) shows a large, flat area on
the east side of the tracks where the shed was likely located. The
location would have had good road access to the train depot where
Danilewsky could receive and transport the large volume of acid and
iron filings for his hydrogen plant. The rail line is the dark line
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meandering from the lower-right of the map to the upper-left. The
city of Kharkiv is seen in the upper-left corner of the map.

And here is the area in Google Maps, (Lat Lon) 49.910360
036.438164. (Of course the map-tack is only marking the general
location where the Danilewsky airship operations near Rogan might
have been. The exact site is (yet) not known.)
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Figure 23. Credit: Google Maps.

I hope you enjoyed this page on the Danilewsky airships and the
locations identified. As long as this article is, there was so much
more that could have been written! Danilewsky's work provides a
rich source of airship history, some of which was very fortunately
recorded. It's too bad his efforts are largely forgotten largely due to
lack of funding for his continued experiments, and perhaps due to
interference or rivalry from high-ranking competitors, or perhaps
pressure from the local constabulary to cease experimentation due to
the inherent dangers. In just a few short years, petroleum engines
light enough would have become available and Danilewsky already
had solid experience operating his airship designs and he, no doubt,
had plans for transitioning to gasoline power. Danilewsky, with his
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methodical and scientific approach, and safety-first attitude, very
well could have become the "Santos-Dumont of Russia and
Ukraine"! Again, I hope you found this page interesting.
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PART Il

Note: In each edition to follow, Russian, German, and English, the
page numbers of the text are true to the original. In the Russian
edition, the text contained on each page may not exactly duplicate
the original 1900 publication due to the digitization of the
manuscript, font choice, font size, line spacing, editorial comments,
etc., thus only closely matching the original page on which it
appeared. The German edition is presented not as digitized text, but
as images of the original document, and thus its text matches the
original 1900 publication. The English edition was designed so the
page numbers match the original Russian edition of 1900.

In the pages which follow:

Part Ila is the Russian edition from 1900, reproduced 2018-19
Part 11b is the German edition from 1900,
Part llc is the English edition translated 2018-19.

Note: Page numbers for this book, AirBike...1897, appear at the
bottom of the following pages. Within each section, however, the
page number at the top of the page represents the page number of the
original 1900 Danilewsky book.
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Bsenenne

I'nmasa l.

I'maga Il.

I'masa Il1.

I'nasa V.

I'maBa V.

I'maBa VI.

I'masa VII.

OI'JTABJIEHUE

Crp.

[S2 0

KpaTkuii ucTopuyecKuii XoA pa3BUTHA HIEH.
Wnes. Mogens. A. A. Ilunsctpem. JletaTenbHbIe
cHapsasl 1897 u 1898 r. Henocratku. Kpuruka.

Ipunuunel JerarejbHoro cuapsaa tTuna 1899 r. 10
Wnes cuapsna. [logpém ero B Bozayx. OmyckaHue.

JlaBupoBKa B BepTUKaIbHOII ockocTu. JlaBupoBka B
TOpU30HTANIBHOM mockocTu. IloctynarenbHblii NoaET

MPOTHUB BeTpa. Y cToHYNBae paBHOBECHE CHapsiaa B

Bo3xyxe. Cxema obmero nosiéra. [Ipaktiuueckoe neranne
YeJIoBeKa.

Iucomo npogeccopa U. A. EBHeBHua 32
332[8.‘13 (0] CBO60,Z[HOM nmaacHuu, B COHpOTHBHﬂIOH.[eﬁCH
cpene, TSOKENOI ToOUkH, CHAOKEHHOH adpOTLIaHOM.

TexHHUYeCcKasi YACTh 38
[ToaroroBka k onbsiTaM 1899 r. Heynauun. [TpoTokon

onbIToB 1899 1. YerpoiictBo cHapsia Tuma 1899 r.

Emkocts 6amnona. C6amancupoBka cHapsaa. I1oasem.
IToBopotsl. Ciiyck. KianaHn. JIBUuraTenbHblii MEXaHU3M.
JleTarenpHplid cHapsI — KaK BO3AYLIHBIA 3MEH.

Bonopon 52
CTouMOCTh IPOU3BOJICTBA BOJIOPOJIA. Y CTPONCTBO

ammapara ajs 1oOBIBaHUS BOJOPOJa U AT BEIPAaOOTKH
JKEJIE3HOT0 Kynopoca.

IIpakTH4Yeckasi olleHKA JIeTaTeJIbHOI0 CHapsAaa 56
Tuna 1899 r.

TIpocroTa uneu u KOHCTpyKLUs cHapsaa. bezonacHOCTb.
TTopTatuBHOCTH. Y 0OCTBO YIPaBIEHUS CHAPSIOM.
IIponomKUTeNbHOCTD KU3HU cHapsiia. CTOMMOCTB €ro.

IIpeanonaraemblie NpakTU4YeCcKHE NIPUMEHEHHUS 61
JieTaTeJIbHOr0 cHapsina Tuna 1899 r.

B Boennom nene. [{ns mopckoii ciyx0s! Bo drote. J{s
JKEJIE3HOIOPOIKHBIX M3bICKaHUH. J1J1st Tororpaguyecknx
cbéMok. [lyist criopra. [1j1st mepeBO3KH MOUTHI U T. 1.
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I'maBa VIII. Tabdauua cpaBHUTEIbHOMH OLIEHKH
MPaKTHYECKOT0 MPUMEHEHUsI BO3TYIIIHOTO
mapa, 00bIYHO MPAKTHKYEMOr0, 1
JieTaTeJbHOro cHapsiga Tuna 1899 r.

I'maBa IX. BriBoabI

3akiarouenmne.
JIOXHOCTE HJCHU pa3pCIICHU l'IpO6J'IeMI)I Ccpasy.
ﬂOCTyHHOCTL CHapsdaa IJid BCCX. Z[am)Heﬁume craanuu
Ppa3BUTHA JICTATCIIBHOTO CHapsAa.

[Ipumeuanue ot Uznareneit, 2019 rox.
NB! Crapsix = anmapar.

Crp.
71

73

75

B xnure K. f1. /laHnneBckoro cucreMaTHYeCcKy YIIOTPEOIISIeTCsS TEPMUH
«CHapsiI» I 0003HAYCHHUS €ro JICTATSJILHOTO armapara (qupuxa0iis).
B Poccun, B 1870—1890-¢ rospl, Takasi aBUallMOHHAS TEPMUHOJIOTHUS
Obl1a cranapTHOU. Tak, nepBbIil B Poccuiickolt MIepun maTeHT Ha

JIeTaTCIbHBIN armapar 03arjiaBJICH «HpI/IBI/IJIeFI/ISI, BbIJJaHHaA U3

Henapramenta Toprosiu u Manydaxryp B 1881 1. kanutany 1-ro
panra Anekcanapy Moxxaiickomy, Ha BO3yX0JIeTaTEIbHbIA CHAPSI.

64



BBEJAEHHUE

«Camble POCThIE (B TO JK€ BpPEeMs CaMble
COBEpLIEHHBIE) CIIOCOOBI IOCTHKECHUS
KaKoW-JIM00 11es1 OOBIKHOBEHHO MTPUXOIST
MOCTIETHUMHU Ha YM».

Jleep.

«Y cTpONCTBO TOCTYITHOTO ISl BCEX U
YIOTHOTO JIETATEIBHOTO CHAPSIa COCTABUT
3M0XY, C KOTOPOH HAaYHETCSA HOBEHIIas
UCTOpHS 00pa30BaHHOCTH.

. Y. Menoenees.

B Hacrosmeé cratbe S CYUTal0 CBOEBPEMEHHBIM ITOACIUTHCS C
YUTATENIEM HAKOMUBIIUMCS Y MEHS ()aKTUIECKUM MaTEepPHaJIoM IO
BO3yXOIIJIABAHUIO U TIOJBECTH UTOI'M CBOMX TPEXIIETHUX TPYAOB,
MOCBAIIEHHBIX IPAKTUYECKOMY U3yUYEHHUIO, Pa3BUTHUIO U IIPOMAraH/Ie
MHOIO H300pEeTeHHOro JeTaTenbHoro cHapsaa. K atomy mary s
BBIHY/ICH HE0JIaroNpHUATHO CIOXKUBIIMMHUCS JUISI MEHS
00CTOSTENLCTBAMU, KOTOPbIE BPEMEHHO JIMIIAIOT MEHS BO3MOXKHOCTH
JIOBECTH 3TH pabOTHI J10 KETAEMOT0 KOHIIA.

Mowu onsITsI ocinenHero 1899 romaa mo3BoJISIFIOT MHE BHOBD
MOATBEPANUTDH U HECKOJIBKO PACHIMPUTH IPAHULBI TEX MOJIOKECHUH,
KOTOpBI€ OBIJIM MHOIO BBICTABJIEHBI B MOEM JIOKJIa/ie, YUTAHHOM Ha X
ChE3/l€ ECTECTBOUCIIBITaTENEHN U Bpauel B Kuese B 1898 rony. Otu
MOJIOXKEHHUS CIIeIYIOIINE:

1) N300peTéHHBIM MHOTO JIETATSIIEHBIM CHAPSIOM JaHa BO3MOXHOCTh
NPOCTEHIUM CIOCOOOM TTIPOU3BOJUTH CBOOOHBIC TOIBEMBI HA
MIPOU3BOJILHBIC BEICOTHI H O€30TIaCHBIE CITYCKA HEOTPAHHYEHHOE
ymcia0 pa3 6e3 BeIOpachkiBaHus Oaiacta U 6€3 BBITYCKAHUS T'a3a;
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2) JlaHa BO3MOYKHOCTb aKTHBHOTO YIPABJIIEMOIO JICTAHUS B
0e3BeTPEHHYI0 U CJ1a00BEeTPEHHYIO [1OT01Y;

3) laHa BO3MO>KHOCTb 110 IPOM3BOJIY OTHICKUBATh B PA3HBIX CIIOSIX
aTMoc(epbl CBOH IOMYTHBIH BETEP U MOJIB30BATHCS UM;

4) Jlana BO3BMOXKHOCTb, pa3 3apsAUBIIN annapar, MoJIb30BaThCsl UM
€XKEIHEBHO B MPOJOJIKEHUHU 8 — 9 JTHEl U, HAaKOHEll,

5) B Buay nemnieBu3HbI anmapara, 6€301acHOCTH JICTAaHUSA,
MOPTATUBHOCTHU U MPOCTOTHI KOHCTPYKLIUU €T0, 1aHa BO3MOKHOCTb
MPUMEHUTD €ro JIJIsl YIOBJIETBOPEHHSI HACYIIIHBIX TOTPEOHOCTEH
MPAKTUYECKON KU3HU.

CaMo cob60r0 pazymeercs, 4TO 3TU MOJIOKEHHUS elI€ JalIeKo

HE pa3pemniaroT MmpoOIeMbl JICTaHUS YeIIOBEKa BO BCEM e€ 00BEME, HO B
3HAYUTENIBHON Mepe MPUOIMKAIOT HAC K €€ MPAKTHYeCKOMY U
IIPOCTOMY Pa3PELICHHUIO.

C npyroii CTOpOHBI, 3TH PE3YJIbTATHL, 0 MOEMY MHEHUIO, C ICHOCTBIO
HaMeyaroT HaM TOT IyTb, IO KAKOMY CIIeAYeT UATH Ui OJvbKaiIIero u
MIPOCTEHIIEro MPaKTUYECKOTO pa3peleHus 3TON MpoOIeMBl.

S u Tenepsb Kak U npexsie (CM. JOKIIaJ), MPOJOJKa0 YTBEPXKIaTh, UTO
B HACTOAILEHN CTaJuy CBOETO Pa3BUTHUS MOU JIETATEIbHBIA CHAPST
MIPEJICTaBISIeT TOJILKO HAa4yajio, NEPBBIN IIar B 00J1acTU pa3paboTKH
OaJUIOHHBIX JIETATEIbHBIX CHAPAIOB THKeJeHIMX BO3/1yXa, YUTO MOU
OTIBITHI MOCIEAHUX TPEX JIET COCTABIISIIOT TOJIBKO MOATOTOBUTEIbHBIN
nepuoj aKTHYECKOro U3y4eHHs U MPOBEPKH UJIEU, OTAEIBHBIX
yacTell MeXaHu3Ma, yclloBui aTMochepbl M B3aMMHOTO COOTHOIICHHUS
9THX JaHHbIX. Y XOTS Tenepp, B HACTOSIIEM €r0 BUJIE, JIETATEIbHBIN
anmnapar M KaXeTcs KpaiiHe MPOCThIM, TIOCTYITHBIM JOTaJKe Kax10ro,
HO, KaK TOBOPUT y4Y€HBIN bro, «HMYEro HET Jieruye BYEpPaIIHETO, HUYETO
HET Tpy/HEee 3aBTpalIHeroy». «l 1aBHbIi BOIPOCY», — TOBOPUT
d1raMMapHoH, — «3aKI0YAETCA HE B OJTHOM TOJIBKO JIOTaJIKE, a B CAMOM
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BBIITOJIHCHHUH HpOCTOﬁ nacu, Koropas npeacraBiidiiaCb ymy, OBITE
MOJKCT, OT Ha4YaJ1Ia MHUpa».

W »10 «3aBTpalHee» NOoTpedyeT HE MEHEE YIIOPHOT'O TPY1a, KaK U
«BUEpallIHeey, UMes TJIaBHBIM 00pa3oM B BUAY, UTO Mpodiema
paspelaeTcss NPaAKTHYeCKH, a He TeopeTudecku. B Teopun, B
KaOuHeTe y cels, JII0/IM yKa JaBHO JIETAIOT MPOTUB BETPA; ISl HUX
npobiema JeTaHus y)Ke pa3pelieHa — OHU YK€ JaBHO HE XOJIST B
«aetckux Oammakax». Ho 3To Tonbko ... B Teopuu. [IpakTika —
COBEPUIEHHO MHOW MUP: MUP, OKOSAIIUICS TOJIBKO HA OMBITE.
[IpakTuka yacto UAET BOEpeIn TEOPUH U MPOKIIAIbIBAET CBOU
COOCTBEHHBIE TYTH K JIOCTHKEHUIO orpenenéHHon 1enu. CoBepIeHHO
npaB Y4E€HbIN BOCHHBIN HccenoBatenb npodeccop Jleep, roBops, 4ro
«Teopus TOJBKO OOBSCHSET, HO HUUETO HE PEIIaeT. ..

[IpakTika HEyMoJIMMa: OHA PYLIUT BCE IOCTPOEHHBIE 0 CUX MOP
CJIO’KHBIE 0€30aJIOHHBIE JIeTaTeIbHbIE MALIMHbI, MOTYIIHE JI€TaTh
MIPOTUB BETpa U MOCTPOCHHbIE HA OCHOBAHUH, ObITh MOXKET,
MPAaBUIIBHBIX TEOPETUUECKUX PACUETOB — PYLIUT U TpeOyeT, YTOOBI BCE
Ha4YMHAJIM CHayaia, ujsl OT MpocTeiero K cjaoxaomy. Mcropus
BO3/lyXOIIaBaHUs MIOJIHA 3TUMHU TOPJBIMH ITOIIOJI3HOBEHUSIMU U
KEPTBAMHU ATHX MOMOI3HOBEHUH.

Bot mouemy s cuuTaro HEBO3MOKHBIM, HEMBICIIUMBIM CPa3y CO3/1aTh
JeTaTeNbHBIN CHAPSAJ, MOTYIIHI C IEPBOTO B3Maxa KPbUIbSIMU JIETATh
MIPOTHB BETPA, J1a i€ U CUIILHOTO, KaK HEMBICIIUMO OBLIIO Cpazy
C03/1aTh JOKOMOTHB, nenaromuid 100 BEpcT B yac winu tenedoH,
JEHUCTBYIONUI Ha ThICSIYM BEPCT. Beskuii n3o0perarens,
Mpeiaraolui JIeTaTeIbHBIN CHAPS] B OKOHYATeIbHOU (hopme,
0€3yCIIOBHO yBJIEKAETCHI.

TosbKO MeJIEHHOHN M TIOCTETIEHHON pa3pabO0TKOM, U IIIar 3a IIaroMm,
M3yyasi U COBEPILIECHCTBYS U TOJbKO ONBITOM, BO3MOXHO
MPUOU3UTHCS K CO3/IaHUI0 «MCTUHHO MTPAKTUUYECKOTO JIETATEIHHOTO
cHapsna». U s yBepeH, 4To He omnOaroCch, U30paB TOIBKO 3TOT MYTh.
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Ho ucromenune cpeacTs u, B CUILy 3TOr0, MyYUTEIbHOE CO3HAHUE, UTO 5
JTUIIEH BO3MOXHOCTH MPOJIOJDKATH pad0TaTh HA/l Pa3BUTHEM
MpoIaraHIupyeMoi MHOIO UJIeH — BCE 3TO MOOYXKAAeT MEHS U3JI0KUTh
MOIPOOHO B HACTOSIIIEH CTaThe CBOM MBICIIH U TUTAHBI B TAMHON
HaJIeXK/1€ 3aMHTEPECOBATh 3TUM JI€JIOM TOHUMAIOUIUX JIFOJIEH U
MIPHUBJICYD UX K JAIbHEUIIICH COBMECTHON Pa3pabOTKe UJICH.

68



I'JIABA |.

Kparkuii ucropudeckuii Xo pa3BuTus Haeu.

B ObITHOCTB MOIO €€ CTYJIEHTOM, MHE HE pa3 IPUXO1IIA MbICIIb,
YTO OYEHb IIPOCTO U JIETKO MOXKHO OBLIO OBl yCTPOUTH
JeTaTeNIbHbIA CHApsA TaK, YTO OH OY/ET MO JKEJIaHUI0 a3POHABTA
MIOJTHUMATBCS B BO3TYX, OITYCKaThCsI, OCTAaHABINBATHCS
HEMOJBHMKHO B BO3yX€ U BOOOIIIE JJaBUPOBATh, U BCE 3TO MOKHO
IPOJIENIBIBATh CKOJIBKO YTOJHO pa3 0e3 BeIOpackIBaHUs OayuiacTa u
0e3 BbIIyCKaHUs ra3a. /[ 3Toro Hy>kHO TOJIBKO 00JIEIYUTh BEC
YeJI0BeKa BOJOPOJHBIM OAJUIOHOM; HO OOJIETYNUTH HE BIIOJIHE, &
OCTaBUTbh HEKOTOPYIO YaCTh €0 BeCa HEypaBHOBELICHHOM
0aJUTIOHOM, U BOT 3TY OCTABIIYIOCS TSKECTh OYZIET TEreph yiKe
NOJHUMATh CaM YeJIOBEK CBOEH pabOoTOM Ha KPbUIbs: KOTJa OH
paboTaeT — anmnapaT MOJHUMAETCs B BO3/IyX; IIepecTaHeT paboTaTh
— OITYCTHUTCHL.

CKoJpKO pas, 3aTeM, MHE HU NIPUXOAWIIOCH BO3BPALATHCS K 3TON
MBICJIH, Ha THICSYY JIa/I0B IIEPEBOPAYNBATH €€, BCECTOPOHHE
00yMBIBaTh — BCETla OHA MHE Ka3aJlach SICHOM, BEPHOH U
HECOMHEHHON. KOHEeYHO, MeX Yy 9TOM T0rajkoi U MPaKTUYECKUM
BBIIIOJIHEHHUEM JIEXKasa TaKas [PoNacTh, IEPEUTH KOTOPYIO s TOT1a
HE CMeJ U MeuTaThb. beIBallo, BEIHEWIb U3 SIIMYKA 3TY UIECHO,
HaIIO0YEIIbCs €10 U OMSTh OEpeXHO CIIpsiUeIlb €€ B TOT XKe
amuyek. M Tak TAHyJI0Ch MHOTO JIET.

B 1894 rony, s puckHys cienaTbe MOAEIBKY; OHA MMOCITYIIHO
JIeTaja Mo BCEM HaIpaBJIEHUAM 10 XKEJIaHUI0; €€ BUJEIN MHOTHE
JMIa; HO HE HALIUIOCh MEXy HUMU OXOTHHKA ITYCTHUTHCSI CO MHOIO
B [IJJABaHUE 10 BOJIHAM cllydaifHocTel u pucka. B 1897 rony, s
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OMSITh JJEMOHCTPUPOBAJ MOJIEb U HAIIEN HHOCTPAHIIA

A. A. ITunscTpema, KOTOPBIM UMEIT FPAKIAHCKOE MYKECTBO
MaTepUaIbHO MOAIEPKATh 3TO H300pETEHHUE, CMOTpa HA ATY
NOJJEPKKY, KaK Ha OJUH U3 BUAOB OaroTBOpUTeNnsHOCTH. Jla
Oyaet 0J1aropoiHOe UMSl €r0 BEYHO CBSI3aHO C 3TUM KHBIM
001IeYeI0BEYECKHM 1€JI0M....

dur.1.

B ToM e roay OblT Mpou3BeI€H NEPBBIN OMBIT C HACTOALIIM
JeTaTeNIbHBIM CHapsA10M. basioH HanoJIHSIN BOJOPOIOM B
HPOJIOJDKEHHN TIATH THel. Beé menmo Buceno Ha Boslocke: yaacTes
HAIOJHUTh U IPOU3BECTH OIIBIT, TOT/IAa INUPOKUH TOPU3OHT
OTKPBIBAJICS IS TATbHEHINNX padoT; HE yAacTCs HAIIOJIHUTD — BCE
JOJDKHO Ob110 TOrHOHYTh. Cyap0a yiabplOHYIack: C TPeXoM
HIOTOJIaM YAAJI0Ch HAIIOJIHUTG OAIOH M IPOU3BECTH OMBIT. C
NOCIETHUMHY MUHYTaMH HaIllOJIHEHUs, BOJOPOIHBIN anmnapar,
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COCTaBJICHHBIN U3 MPOCTHIX 00UeK, pazBanuics. OnbIT yaamics;
ceNlaH pAJ NPUBSI3HBIX U CBOOOIHBIX MOIBEMOB B BO3JIYX U
onyckanui. Maes okazanach BEpHOM.

Ho cynn6a He 3axoTena MHE yabsI0aThCst O0JIbIIe OJTHOTO pasa u
HUKAKHX HIMPOKUX TOPU30HTOB OHA MHE HE PAaCKphLIA: 5 OCTaNCA
OJIMH ¥ OJIUH MPOJI0JDKAT paboTarh Janbiine. S Hauan roTOBUTHCS K
onbiTaM 1898 rona, HO yke cMeliee U YBEpEeHHEE.

51 He Oyy TOBOPUTBH 3/1€Ch O HEAOCTATKAX MOETO IEPBOTr0
ammapara — uX TBICSYH: 3TOT CHapsiA ObUT 00pa3er TOMOPHOCTH
HEYKJIF0)KECTH; HO B TO BpeMsl, B BO3yXe OH MHE Ka3aJICs Uy IHbIM
KpbutateM Ileracom.

Mexanu3m anmnapara tuna 1897 roga ObUT CITUIIIKOM TSKENBIN; B
1898 rojibl, MBI €r0 c/enany jerdye, NpUMEHUB ATFOMUHUEBBIC U
ctanbHble TpYOKH. [TomoHa (BMECTO CeTKH), ITOKPHIBAIOIIAs
OaioH, ObUTA TSXKeENa U, B CYIIHOCTH, U3JIULITHSS; MBI €€
coBepieHHo oTOpocn. Kpbutbst ObLTM OU€Hb TPOMO3/IKH,
TSKEIIbl, MEJIJIEHHO PACKPBIBAJIUCH NP YAApe MO BO3/1YXY; MbI
CIIeNIalIi KPBUIbS JIeTYe, IUIOIIAIbI0 MEHBIIIE 1 MOMEHTAJIHHO
OTKPBIBAIOLIMECS U 3aKPBIBAOIINECS HA MAHEP JKATFO3U.

OmnbiThl 1898 roga ObIIM MHOTOYUCIIEHHBI 110 KOJTMYECTBY, OOraThl
0 COZIEP’KAHMIO U JAIU MHE OOMJIbHBIN MaTepual 1is
nanpHeimei pa3paboTku. S ToibKO 00 OAHOM MOTY COKaJETh,
YTO MOM CPEJICTBA HE MO3BOJISUIN MHE CAEIATh CPa3y HECKOJIBKO
JIeTaTeNIbHBIX allapaToB Pa3IMYHBIX CUCTEM, YTOOBI IPOU3BECTU
PSiA CPaBHUTEINIBHBIX ONBITOB, U, TAK CKa3aTh, OJHUM YAapOM
BBISICHUTD ITOJIOKHUTEIBHBIE U OTPULATEIbHBIE CTOPOHBI IAHHOTO
JIETaTEeJILHOTO CHapsA/a.

B ABrycre Toro ke rofa, s cAenan JOKIa 0 CBOuX paboTrax Ha X
Che3/I€ €CTECTBOMCTIBITaTENEN U Bpaueld B Kuese B
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BO3YyXOIJIaBATEIIbHON NOJCEKIMH. JLOKIa] MPOLIEN TOUYTH
HE3aMEUYCHHBIM.
Me:x 1y TeéM, MOH OIIBITHI BO3OYIHIIN JIFOOOTBITCTBO MHOTHX JIHII, U
OHU Hayajii ¢ UHTEPECOM, HO MOJI4a, CIEAUTH 38 MOUMU
JaTbHeWIUMU pabotamu. KoHEUHO, HAIIUTUCH | KPUTHKH,
KOTOpPBIE HA «IIOJIOBUHYY JieJla MIOCMOTPENH, KaK Ha 3aKOHUEHHOE
Y HAa4aJIl TOPOIUTHCS TUCKPEIUTUPOBATh ero. Ctanu roBOpuUTh,

dur.2

4TO B 3TOM M300pETEHNH HUYErO HET MHTEPECHOTO U HOBOTO: UTO
MO JIeTaTeIbHBIN CHAPSIT HE MPECTABIISAET «HUKAKUX
npeumytiecTsy (!) mepea 0OBIKHOBEHHBIM BO3IYIIHBIM IIAPOM,
YTO OAJIJIOH CTapblil U JaBHO U3BECTHBIN; KPBUIbS Y’KE MHOTO pa3
MPUMEHSITUCH; JJaXKe caMma UJIes — U Ta JAJIEKO y)Ke HE MepBOr
MOJIOJIOCTH U BaJIslach I/1e-TO Ha 33JJBOPKax, Kak HUKOMY He
HY>XKHasl «BeIb» U T. 1., U T. [I.

Bcé€ 310, KOHEUHO MEHsI Oropyasio, HO He OUYEHb: S 3HAJ, YTO
ocTajach yIEJNeBIIeH OT B30POB KPUTUKH «MaJIEHbKAs
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HE3aMEUEHHAasi UMU HOBOCTb, @ UMEHHO: He MO/ieJIb, a
HACTOSIIIUI JIETATEJbHbIH CHAPSAA TsKeJIeluii Bo3ayxa
(axkTHUYeCcKHU B MepPBbIi pa3 NOJHSJICA HA BO3AYyX U JIABMPOBAJ,;
s 3HaJI, YTO ATOT aIlapaT-3apo/IbIll HOCUJ B ce0e 3a4aTKu
JTAIBHEUIETO OBICTPOTO POCTa «HE IO JTHSM, a I10 JacaM».
KoneuHo, st He Mor TpeGoBaTh OT CBOUX KPUTHUKOB, YTOOBI OHU
o0nananyu 1apoM IpeIBUICHUS, HECMOTPS JaXKe «Ha caMble
KpaliHue YCHIIHS (MX) BOOOpaXKEHUSY.

Ho Tem He MeHee, KpUTHKA JIOCTUTIIA CBOCH 11eJIN; OHA KpalHe
3aTOPMO3HIIA TATBHEHIIYIO pa3paboTKy HIIEH U, CO3/1aB
aTMocdepy, TOJTHYI0 MepTBsIIero GopMalin3Ma, KpaiiHe
3aTpyAHWIA MOU PabOTHI.

Ho Teneps yxe HUKakue yCwiIns JIUL, ChITPaBIIUX POJIb
«['epocTpara» o OTHOIIEHUIO K 3TOMY U300pETEHHIO, HE MOTYT
3a/1epKaTh pa3 MyIIEHHOIO B X0/ IBW)KEHHS KOJIECA 1 OHU MOTYT
OBITh YBEpEHBI, UTO «I10CJIEHEE CIIOBO» OCTAHETCS HE 3a HUMHU. ...

Ammnapat tuna 1898 roma MeHst He ya0BiaeTBOpUI: 1) pabota
a’pOHABTa HA KPBUIbA MPH MOAbEME ObLIa YTOMUTENbHA,

2) KoJieOaTeNbHbIC JBUKEHUS KPBUIHEB JaBaIl
HEMPOU3BOAUTENBHYIO MOTEPI0 BPEMEHHU MIPU NOABEME HA HUX;
3) npu yaape KpbUIbEB 10 BO3YXY TPATHIIACh CHJIa Ha
pacTArMBaHUE MPYKUH, TOAHUMAIOIIUX KPbUIbS;

4) TOPU30HTATBHO PACTIONIOKEHHBIA OAJUTOH MOTJIOIIAI
3HAUUTENBHYIO YacTh PabOThI a9pOHABTA, IPEACTABIISS
3HAYUTEILHYIO BPEAHYIO ITAPYCHOCTH BCTPEYHOMY BO3AYXY IIPH
noasEMeE U T. 1., U T. 1.

Ilepeno MHOM HaYall BBIPUCOBBIBATHCS HOBBIN ammapar, K
YCTPOMCTBY KOTOPOTO 51 ¥ MTPUCTYIIHIL.

IIpuHIUIIBI 3TOrO HOBOTO JIETATENBHOIO CHapsaa tuna 1899 ronn
M3JI0’KEHBI MHOIO B CJIEYIOIIEH TJIaBe.
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IIpunuunel JerareabHOro cHapsina tuna 1899 ropa.

[Tpuctynas xk yCTpOHCTBY HOBOTO JIETATENILHOTO CHApSA, i,
€CTECTBEHHO, JIOJKEH ObUI paHbIIe AaTh ce0e OTUET U SCHO
MPEJICTaBUTh, KaK YeJIOBEK OYJET JeTaTh Ha 3TOM CHapsIe — KaK OH
OyJIeT MOJAHUMAThCS, OIYCKAThCS, JIETATh B JKEJAEMbIX HAMPABICHUSIX
¥ BOOOIIIE JTaBUPOBATh.

OO1menpuHATHIN THIT OAITIOHHOTO YIIPABISIEMOr0 JIETaTeIbHOIO
CHAap#/1a MPEJICTABISET FTOPU3OHTAJIBHO PACTIOJIOKEHHBIN
yanuHEHHBIN O6amioH. [1o o0eMy MHEHIIO KOMIIETEHTHBIX JTFO/ICH,
10100HAst KOHCTPYKIIUS CHapsia TpeOyeT HEMPEMEHHO JIETKOTO |
CHUJIBHOTO MEXaHUYECKOTO JIBUTATEJIS, KOTOPOTO MOKa €IlI€ HET.
[TpumeHeHune ke K MoA00HON CUCTEME TaKOH CJIadoi 1
MaJ03HAYUTEIILHOM CHIIBI, KaK CHJIa YeJI0BEKa, HE JACT HUKAKOTO
a¢dekra. Be€ 370 HECOMHEHHO BEpPHO.

Ho neyxenu Tak-Taku o1 oOpedeHbl XKIaTh HETPEMEHHO
CHJIBHOTO JIBUTATENISl U HeNb3s1 TOOUTHCS MPAKTUYECKOTO
YIPaBJIsieMOro JITaH!sI Ha MEPBBIX MOpax, XOThl ObI C MaJIbIM
nsurarenem? Koneuno Bo3moxHo. Ho B Takom cityuae, naest
JIETATEeJbHOI0 CHAPA/AA M KOHCTPYKIMSA €ro J10JKHbI ObITh B
€CaMOM KOpPHe COBEpPIIECHHO U3MEHEHBI.

3a1aBIINCh LIETIBIO CErOJHS, celyac co34aTh YIPABIIEMbII
JIeTaTEeNbHBIM CHAPS TEMU CUIIAMHU U TEMH CPEJICTBAMH, KOTOPHIE B
HACTOSIIYI0O MUHYTY HaXOJATCA y HAC IOJ PyKaMu, Mbl HEBOJILHO
BBIHY’KJICHBI T10JIb30BaThCSI CUJIOK0 MYCKYJIOB MJIHM TSKECTBIO CAMOTO
YeJIOBEKa, KaK JIBUraressi. Y CTPOUB JIETATEIbHBIN CHAPA ¢ MaJIbIMU
CUJIaMU, BITOCJIEJICTBUM YK€ HE COCTABUT HUYETO XUTPOTO 3aMEHHUTH
CHITY YeJIOBEeKa CHJIOI0 KaKOT0-TH00 MEXaHUYECKOIO IBUraTesIsl, KaKk
TOJIBKO OH IOSIBUTCS Ha CBET. TOT JieraTe/IbHbINA CHAPSAA, KOTOPbIH
Oy/aeT ya10BJIEeTBOPUTEIbHO (PYHKIIMOHMPOBATH NP MAJIOH CHJIe
JABUIATEJISA, IOHATHO, OyaeT GyHKIMOHUPOBATHL ropasao
coBeplIeHHee NpH 0oJiee CHILHOM JBHrarteJie.
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Arnmapar, ycTpoeHHBIH B 3ToM Toay (1899), cocTonT u3 Tpéx
OCHOBHBIX 2JIEMEHTOB: 1) U3 nBurarens — a; 2) 6bawiona — b, u

3) aspormana—CcC. B3anMHoe pacnipeesieHue uX BUIHO U3
cxemaTtnueckoro yeprexka lll. J[Buraresem MoxkeT ciyXuTh 11000
MEXaHUYECKUN ABUTATENb, IPUCIOCOOICHHBIN ISl JAHHOM 11y, a 3a
HEMMEHHUEM TaKOBOI'O ABUTATENs — caM a3pOHaBT. MICIIOTHUTENBHBIM
MEXaHU3MOM MOTYT CITY>KUTh KPBLIbSl WJIK BUHT.

Yeptéx 3.

UYenosek, AEUCTBYS Ha KPBUTHSI HITH BUHT, MOYKET TTOJIHATH B BO3YX
TOJIEKO HEKOTOPYIO YacTh cBoero Beca. [loHATHO, 94TO emMy, YTOOBI
MOJIHATHCS B BO3/yX, HCOOXOJUMO YHUYTOXXHTH BECh CBOI
OCTaBIIIUICS BEC, YTO U JOCTUTACTCS MPUMEHEHHUEM J00aBOYHOM
MOAbEMHON CUJTBI B BUIE BOJIOPOIHOTO OaJllToHa. DTOT OalioH
TOJILKO BOCTIOJHSIET HEJIOCTAIOIIYIO MOABbEMHYIO CHITY JIBUTATEIIS
(uenoBeka), SIBISAETCA BPEMEHHBIM MPUCITOCOOIEHUEM U UCUYE3HET,
KaK TOJIbKO HOBBIM MEXaHMUECKUI IBUTATETh HAUHET MO THUMATh
MOJIHBIN I'py3 BO BCEM ero o0béMe (ceds, uernoBeka U MexaHusMm). C
HACTYIUICHHEM 3TOTO MOMEHTA, MbI Oy/IeT UMETh «UCTHHHBIN
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NPaKTUYECKHI JIETaTeIbHBINA CHAPSII», KOTOPBIA pa3pelnuT Ipoodaemy
JIETAHUSA B [IOJIHOM €& 00BEME.

['py3, nogHMMaeMblii 6asIOHOM, 51 Oyy Ha3bIBaTh ISl KPATKOCTH
«IIaCCUBHBIM IPy30M»; I'py3, OJHUMAEMBbII pabOTON ABUraTeNs
(uenoBeka) — «KAKTUBHBIM FPY30M».

«AKTHUBHBII I'Py3» COCTABIISIET KPACyroJbHbII KaMEHb BCETO
MPUHIUIIA JAHHOTO JIETaTEeJILHOTO CHApsia U YeM OH OyaeT (oJiblie,
TeM annapar 0yjaer coBepuieHHee. [lonHuMas «aKTUBHBIN Ipy3»
paboToii qBUTATEINS, MBI YBEIMYMBAEM 3aI1ac MOTECHIIUATBLHON
SHEpruu npudopa, KOTopas, IpU OMYCKAHUU CETO MOCIIEIHETO,
MIPEBPAIIACTCS B KHHETUUECKYIO €r0 YHEPTHUIO (B JKUBYIO CHITY).

Bcé Bpems, noka aBurareils oJHUMAET «AKTUBHBIN I'PY3» WIH
YPaBHOBELIMBAET €r0 B BO3/lyX€ — B IIEPBOM CJIy4ae, anmapar
IIPOJIOJKAET ITOAHUMATBCS B BO3/1yX; BO BTOPOM — OCTAETCs B
pPaBHOBECHOM 110J105keHUU. C TOrO MOMEHTA, KaK IBUTaTellb,
MOJIHSABILN «aKTUBHBIN TPY3», IPEKPAaTUT paboTy, annapar najaer Ha
3eMJII0, Oy Ty4H MOJIBEPKEH JIEHCTBUIO CUIIBI, PABHOM Becy
«aKTHUBHOTO Tpy3a».

brvkaiias 3aaya 3akir04anack B TOM, 4YTOOBI MOCTAaBUTh paboTy
JBUTaTeNs B HanboJsee 6JaronpusTHbIE YCIOBHS Il BO3MOYKHO
MOJIHOTO UCIIOJIb30BaHUsI ero cuilbl. [Ipoctoe coobpaxenue
MOJICKA3bIBAET, YTO JIyullas (opMa 3TOro UCHOIb30BAHUS
3aKJII04agach Obl B KOHIEHTPAIUM ero padoThl, HaNpPaBJIeHHOH
HCKJIIOYUTEJbHO HA MOABEM «AKTHBHOIO IPy3a». OTOT
MIPOCTEUIINNA MPUHIHUII ITOJIOKEH B OCHOBY JAHHOTO JIETATEIILHOTO
cHaps/a.

Hcxoas u3 3Toro npuHIUIa, MPEexX/ie BCEro HYKHO MOCTapaThCs
YCTPaHUTH BCE MOOOYHBIE 0OCTOSTENLCTBA, KOTOPbIE OBl MOTJIM TaK
WM WHAaYe MPEensTCTBOBATH BOZMOYKHO MIOJTHOMY HCIOJIb30BaHUIO
paboThl aBUTATEINSA. B 3TOM OTHOIIEHUH, TTTaBHOW MTOMEXOM ABIsETCA
TOPU30HTAIbHO-PACIIONOKEHHBIN OaJIJIOH, UMEHHO, €r0 BEpXHSIS
MIOBEPXHOCTh, KOTOPasi PU MOABEME CHAPsIIa BCTPEUAET
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3HAYUTEILHOE COPOTUBIIEHUE Bo3yXa. OnbiThl 1898 roga mue
MOKA3aJIi, YTO, OBITh MOXET, 3HAUUTEIbHASI YACTh PA0OTHI BUTATEIIS
0ECI0JIe3HO TMOTJIONIAJIACh BPEIHOIO MAPYCHOCTHIO BEPXHEH YacTh
OajaoHa.

BeprukanpHasi mocTaHOBKa YIITHHEHHOTO OAJUIOHA OCTPBHIM HOCOM
BBEPX ABJIACTCS NPOCTEHIINM Pa3pelICHUEM dTOU 3a1a4u:
BCTPEYaEMOE UM COIPOTUBIICHHE CPEIbI PU MOABEME OyIeT
HauMeHblee. JlanpHeiee yMEHbIIEHUE COIPOTUBIICHMUS,
IIPEJICTaBISIEMOI0 BEPTUKAIbHBIM OAJIIIOHOM, OyeT HAXOIUThCS B
IPSIMOM 3aBUCUMOCTH OT YMEHBIIEHHUS ITONIEPEYHOrO CEYEHHUs €r0; Ha
NpaKTHUKE, 3TO YMEHBIICHHE, KOHEYHO, OyJIeT UMETh CBOM Mpe/el B
3aBHCHUMOCTH OT €T0 IIOBEPXHOCTH U Beca.

Wrak, TeopeTrueckue cooOpakeHusl, MOATBEPKAECHHBIC OITBITOM,
YKa3bIBAIOT, YTO KOHLEHTPauus padoThl ABUTATE/Isl HA NOAbEM
rpy3a M BepTUKAJIbHAS IOCTAHOBKA 0aJUIOHA ONpeAessiioT co0010
HAUBBITO/HeMINE YCI0BUS I NOAbEMA JAHHOIO JIETATEIbHOI0
CHaps/a TsKeJelero Bo3ayxa.

[TonHATHIN B BO3yX anmapar, ¢ peKpalieHueM padoThl IBUraTes,
HAYHET MAJaTh HA 3eMJII0 C YCKOPEHHEM, Kak CBOOOIHO Majaioiiee
TeJI0 B COMPOTHUBIISIONIEHCS cpene. M B aToM ciydae, 6aiuioH OyaeT
o0palléH K BCTPEUHOMY BETPY YK€ HI)KHUM OCTPBIM HOCOM U TaKXkKe
MIPEJICTAaBUTh CPABHUTEIHHO MATYIO BPEIHYIO TTAPYCHOCTD.

Uewm Oosnblnii OyneT «aKTUBHBIN Ipy3» CHapsiia U 4eM ¢ Ooublei
BBICOTHI CHapsJl HAYHET MaaTh, TeM Oouiblnas OyJeT NoTeHIHaIbHAs
SHEPIUs CHapsAa, a CIe0BATENbHO, TeM OOJIbIIIAs MOXKET
MOJYYUTHCS M KHHETUYECKasi aHeprusl BO BpeMsl MaJIeHus, TaK 4To,
IIPU U3BECTHBIX YCIIOBUSX, IBUKEHHE CHAPS/Ia MOXKET CAETIaThCs
KpaifHe OBICTPBIM M YTPOXKAIOIIUM JIJIsl )KU3HU YEJIOBEKa U IS
LIEJIOCTHOCTHU CHapsiia. DTO ObICTPOE MaJeHUE MOXKHO OJJHAKO
IPEBPATUTh MOYTH B PABHOMEPHBIE MTPABUIILHBIN CITYCK ITOCPEICTBOM
a’poIaHa-napaintora. Posib a’porniana B 3TOM ciaydae OUYeBUIHA U
He TpeOyeT MOsSCHEHUH.
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VYcBouB cebe sICHO MEXaHUKY MOAbEMA U OITyCKaHUsI JIETaTEIbHOTO
CHapsa, BCE OCTaJIbHBIE (POPMBI JIETAHUS — TOCTYTATEIIbHBIC
MOJIETHI, MOJIETHI IPOTUB BETPA U M., IIPEACTABAT JIOTHUYECKUE
CJIECTBUS YTHIN3ALUU 3TOI0 OCHOBHOTO IIPUHIIUIIA.

I[JISI SICHOCTH 51 paCHJICHIO BCCh MONET CHapsaa Ha OTACIIbHBIC
MOMCHTHI U pa36epy Ka)KI[BIfI U3 HUX B OTACIBHOCTH.

OTH MOMEHTHI CJIETYIOIHUE:

1. [TogbpEéM cHapsia B BO3AYX.

2. OnyckaHue 10 BEpTUKAJIN.

3. OTbICKMBaHME MTONYTHBIX BETPOB U yAEpKaHUE CHApsa B
PaBHOBECHOM TIOJIOKEHUU B BO3AyX€e (JTaBUPOBKA B BEPTHUKATHHON
MIJIOCKOCTH).

4. IoctynaTenbHbIi MOJET B TUXYIO MTOTOAY (JITaBUPOBKA B
TOPU30HTAJIBHOM IJIOCKOCTH).

5. IlocTynarenbHbli OJIET IPOTUB BETpA.

6. CoxpaHeHHE YCTONYMBOTO PAaBHOBECHS CHapsIa.

7. Cxema 00111ero noiéra B COBOKYIHOCTH.

8. IlpakTHueckoe neTaHue YeloBeKa.

1. lToabém cHapsiia B BO3AYyX.

W3 cka3aHHOIO BBILIE YUTATEIIO SICHO, IIPU KAKUX YCIOBHUAX MOKHO
MOJIyYUTh HAaUBBITOIHENIINM TOABEM CHapsaa B Bo3ayX. OTTya xe
JIOTUYECKHU CIIEAYET, YTO MOABEM 3TOT JAOJKEH COBEPIIATHCS
HEIIPEMEHHO BEPTUKAJIBHO BBEPX. TOJIBKO MPH 3TOM YCIOBUHU
BO3MOYKHO HaMBBITO/IHEE UCIIOIB30BaTh padOTy JBUTATENS U ITOJHATh
Ha HauOOJIBIIYIO BBICOTY «aKTHUBHBIN TPYy3».

Bceskoe nonoia3HoBeHNE YKIOHUTHCS OT BEPTUKAIBHOIO MOIbEMA C
LIEJIbIO J1aTh anmapary B TO K€ BPEMsI M IIOCTYIATENbHOE IBH)KEHNE
10 TOPU30HTAIILHOMY HaIpPaBJIEHUIO, MOBJIEYET 32 COO0I0
yBeJIU4eHUe paboThl IBUTATEINS, HYKHOH JIJIs TOABEMA «aKTUBHOTO
rpy3a» Ha JaHHYIO BBICOTY.
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[To Mepe mOAHATHS CHApsIa Ha OOJIBIIYIO BHICOTY, JBUTATEIIIO
MPUXOUTCS paboTaTh B O0JIee pa3pekeHHOM BO3/IyXe,

a CcIIeIoBaTeIbHO, €My HY)KHO Pa3BUBATh MOIBEMHYIO CHITY TEM
OO0JILIIIETO HAIIpsKCHUA, YEM Ha 6OHBH_IYIO BBICOTY KCJIACT IMOAHATHCS
a’pPOHABT.

[Tpu nogbéMe cHapsiia B BO3/1yX, a9POIUIaH JIOJIKEH IIPEICTABIATh
HauMEHbIIIEE CONPOTUBIIEHUE BCTPEYHOMY BO3ayXY. [ mocnennein
1I€JIM, a9POIUIAH B JAHHOM aIlllapaTe COCTOMUT U3 PsJia KaJ03H,
HIOBOpaYMBaEMBbIX Ha JIt000it yroi (cMm. rit. 1V). [ToBoporom pyuku
BCE JKAJII03M YCTaHABJIMBAIOTCSA PEOPOM K BCTPEYHOMY BO3IYXY U
3aKpeIUIsOTCA aBTOMaTUYECKU BO BCE MTPOJIOJIKEHHUE NMOAbEMA (UepT.
Il cc).

2. OnyckaHue CHAps/1a 110 BePTHKAJIHU.

Hackonpko mogsémHas cuiia ABUTaTeNs U OaJUIOHA UTPAIOT TIIABHYIO
POJIb IIpU MOIBEME CHApsAa B BO3/IyX, HACTOJIBKO, IPH OMyCKaHHUH
€ro, 3Ta poJib MEPEXOUT K CHIIC TSHIKECTH — «aKTHBHOMY T'PY3y» U
asporutany. Kak ObU10 BBIIIE CKa3aHO, 1O MPEeKpalieHn paboThl
JIBUTATEJNS, CHAPST HAYHET MaJaTh HA 3€MJTI0 OT JICUCTBUS CUITBI,
pPaBHOM BeCy 3allaCEHHOTI0 «aKTUBHOTO Ipy3ay.

N3 nanpHenero yuTaTenb yBUAUT, HACKOIBKO BaXKHBIM
00CTOSATETHECTBOM SIBIIIETCS HEOOXOIMMOCTD YBEJIMUUTD CUITY,
noOyKIAIONTYI0 CHAPS K MaJeHUI0, 0COOCHHO MPH MOCTYyNaTeIbHOM
MOJIETE B TOPU30HTAIILHOM HAIPaBICHUU. DTOTO YBEITHMUYCHUSI CHIIBI
MOYHO JOCTUTHYTb, 3aCTABJISAS IBUTATENb, WU, TOUHEE, IBUKUTEND,
BpaIiaThCsi B 00paTHYIO CTOPOHY TOM, B KAKOW OH BpaIajics Mpu
noabEME, Mpearonaras, st IPOCTOTHI, YTO JABHUKUTEIEM CIYKHUT
BHHT.

Bcesikuit mCIOTHUTENBHBIN MEXaHU3M, a TeM OoJiee BUHT, BCeTa
MOET OBITh IPUCTIOCOOJICH JIJIs1 BBITIOHEHUS MOA00HOH ()YHKIIUH.
JlBurarenpHblii MexaHu3M tumna 1899 roga ObLT UMEHHO TaK yCTPOCH
Y HaIPaBJIsI CBOO JIBMKYIITYIO CHITY TIO TIPOU3BOJTY a3pOHABTA BBEPX,
BHM3, BIIEPE WM HA3a/l IPOCTHIM MTOBOPOTOM PYKOSATKH.

79



16—

HoByto nBrxyIyto cuity, KOTopasi pa3BUBaeTcs Ipu oOpaTHOM
JeMCTBUY IBWKUTEIS TIPH OITYCKaHUM CHapsAa, 1 Oyay Ha3bIBaTh
«CKPBITBIM AKTHBHBIM I'PY30M».

Yenoek, paboTasi Ha IBIKYILEM MEXaHU3ME MPU MOIbEME U IIPU
OIYCKaHUU CHapA1a, MOXKET YABOUTH B MIOCIEAHEM CIy4yae CUIY,
3aCTABJISIFOLLYIO CHApsIJ M1aJ1aTh, TAK KAK «CKPBITBIA aKTUBHBIN IPY3»
MOYET OBITh PAaBEH «aKTHBHOMY IPy3y» IIPH HEU3MEHIEMOCTH
yCIIOBUM pabOThI UeIOBEKa.

OnbIThI 3HAMEHUTOIO Y4€HOro Bo3ayxoruiasarens Otro Jlunuenrans
IIO0Ka3aJii, YTO YeJI0BeK, IeHCTBHEM CBOUX MYCKYJIOB HA KPbUIbS,
MO’KET NOIHATH A0 40 KUI0rpaMMOB, TO €CTh ITOYTH [TOJIOBUHY
CBOETO Becal; cie10BaTesIbHO, MOKHO JIOMYCTHTh, 4To 15 — 20
KHAJIOTPaMMOB OH OYZIeT TIOJJHUMATh JIOBOJILHO CBOOOIHO; TIPH
OIyCKaHMH K€, almnapar MOXeT najaTh ¢ CUIIo0, paBHoro 30 — 40
KUJIOTPaMMOB, OJiarojiapst 0OpaTHOMY JIBUJKEHUIO JIBUTATEIIS.
HackosbpKko BaXKHYIO pOJIb MOXKET UTPaTh 3TO NPUPALLIEHNUE CUIIBI

naacHusd, 6YI[GT BUJHO M3 MOCJICAYIOIICTO.

Bo m306exanne yaapa o 3eMITI0 TIPH OITYCKaHWU CHAPS/IA, TIOJTB3YIOTCS
a’pPOILIaHOM, MIPEBPATUB €r0 B MapamItoT. J{Js 3Toro, B TaHHOM
ammapare, TOBOPOTOM PYUKH, PAcIioyIaratoT Kajllo31 a’poIliaHa
ropu3oHTaNbHO. brarogaps sToMy, najgeHne cHapsiaa ¢ YCKOPEHUEM
npeoOpas3yeTcst B aICHUE TIOYTH C PABHOMEPHOIO CKOPOCTHIO. B
WHBIX CITy4asx JOCTaTOYHO OYAET JaTh HECKOJIbKO OOPAaTHBIX yIapoB
BUHTOM WJIM KPBUIBSIMH 110 BO31yXY (KOHTpP-yAap).

3. J/laBupOBKAa B BePTUKAJIbHOI MJIOCKOCTH.

ManeBprpoOBaHHUE B BEPTUKAIBHON INIOCKOCTH, IIPH NOABEME
CHapsma JJIs1 OTBICKAHUA HOHYTHI)IX BOS}IyI_HHBIX IIOTOKOB,
MPUHAJIEKUAT K CAMBIM IPOCTEUIINM MAaHUIYJISALUAM C 3TUM
cHapsiiom. U3 Toro ¢akra, 94To moabEM CHapsia B BO3IYyX BCEIEIO
3aBUCHUT OT pa3BUBAEMON JBUTATENEM (B JAHHOM CIIy4ae, YeJTOBEKOM)

! Der Vogelflug u t. 1. ctp 43
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HOJbEMHOM CHIIBI, CTAHET MOHATHBIM, YTO, YMEHbIIIasl 3Ty CUIY,
MOYKHO YPaBHOBECHUTH CHapsi/] Ha 1000 BBICOTE IO MTPOU3BOILY;
npu4éM, B BHIaX SKOHOMHUH paOOThI IBUTATEINS, MOXKHO
[10JIb30BAThCS €1I€ U a3POIUIAHOM, IIPEBPATUB €r0 B MAPALLIOT.

JlerkocTh MaHEBPUPOBAHMSI CHAPSAOM NIPH JBUKCHUH BBEPX M BHH3
0e3 BrIOpachIBaHM OaiacTa v 0e3 BRITYCKaHHS T'a3a C OJTHON
CTOPOHEI, a C APYroi — 3aTpara HeOOIBIION pabOTHI IBUTATEIIS IS
yIep KaHHs CHapsIa Ha ONPeaeIEHHOM BBICOTE — BCE ATO MOCITYKUT
OCHOBaHHEM K CAMOMY PacIpOCTPAHEHHOMY U OOBIYHOMY
IMPUMEHEHHUIO 3TOr0 CIIoco0a JICTaHUS JIJIs TICPEABHUIKCHHUS JIFOICH 10
BO3/yXy, B OCOOCHHOCTH JIJIsl COBEPIIICHUS JAIILHUX PEHCOB.
[ToapoOHee 06 3TOM OyzeT CKa3aHO B OTAEIE O MPAKTHUECCKOM
JIETAHWH YEJIOBEKA.

4. JlaBupoOBKa B TOPU30HTAJIbHOM IJIOCKOCTH B THXYIO IOT0AY.

Pa3zpabarbiBaeMblii ieTatenbHbIid cHapsaa Thna 1899 roga mo camoin
CYIIIHOCTHU CBOEH COBEPIIICHHO He MPUCIOCO0JIeH AJsl AKTUBHBIX
TOPHU30HTAJIBHO-TIOCTYNATEJbHBIX M0JETOB: BEPTUKAIBHO
MOCTaBJICHHBIN 0aJUIOH MPEICTABIISIET CBOCI0 OOKOBOIO
MOBEPXHOCTHIO TPOMAIHOE CONPOTUBIIEHUE BCTPEYHOMY BO3/1yXY; a
MOTOMY, ITOJI00HBIN OOIIENTPUHATHIN CIOCO0 MEepeIBUKEHUS CHapsaa
0 BO3JIYXY JIOJKEH ObITh COBEPILIEHHO OCTABJICH IS JAHHOTO TUTIA
JIETATEIHPHOTO CHAPSAIA.

T[locTynarenbHEI MONET B FOPH30HTAEHOM HAPABIEHUN?

HAYMHAETCS C TOTO MOMEHTA, KakK armapar, OyJay4u MOJHAT B BO3AYX,
HayHET MaaTh Ha 3eMJII0. B momydeHnn ropu3oHTaIbHO-
COCTaBIISIOIIEH CKOPOCTH MPH MAIECHUH, annapar 00s3aH adporiaHy.
J71s1 5TOT0 TOCTATOYHO TTOBOPOTOM PYUYKH YCTAHOBUTH BCE JKATIO3U
a’poIlIaHa M0J1 HEKOTOPBIM YIJIOM K BEPTUKAIIM; TOT/IAa IPU MAJCHUU
CHapsiia, HEKOTOpas 4acTh COMPOTUBIICHUS BO3/IyXa, JEHCTBYIOIIETO

2 Beaae 1o CJiIoBaMu ((HOCTyHaTCJ'IBHHﬁ MOJIET B TOPU30HTAJIbBHOM HAIIPpaBJICHUUW
— ((I‘OpPBOHTaJ'ILHOﬁ ILIOCKOCTH» s 6yﬂy PpasyMeTb ABUIKCHUC 11O FOpH3OHTaJ’IBHOI>i
IMMPOCKIIUU.
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Ha a3poIliaH, Npeodpa3yercs B IPONEILTUPYIOUIYIO CUITY IO
TOPU30HTAILHOMY HAMPABJICHHUIO.

C yBeslmueHHEM yrila HaKJIOHA JKaIi03HU K TOPU3OHTY, IIPU
HEU3MEHSIEMOCTH «aKTUBHOTO TPYy3a», JMHUS ITOCTYNaTeILHOTO
nasieHus cHapsia OyeT npuoOImKaThCs K BEPTUKAIBLHON JIMHUH U
HaoOopoT. [Ipn HeM3MEeHIEeMOCTH XKe yrila HaKIOHa

Yepréx IV.

—X

& S

JKaJII03M a’poIlIaHa, IOCTyNaTeIbHOE MaJeHue OyAeT COBEPIIAThC
TEM ¢ OOJBIICI0 CKOPOCTHIO, YeM 0oJIbIle Oy/IeT «aKTUBHBIN TPY3».

TakuMm oOpa3om, yroJ naJieHus CHapsiia K 3emiie U ObICTPOTa 3TOTO
MOCTYMATEeNBHOrO NMaieHUs OyIyT HAXOIUTHCS B 3aBUCUMOCTH OT
IBYX (paKTOPOB ¥ UX B3aMMHOTO COOTHOIICHHUS — OT BEJIMIHHBI
«aKTHUBHOTO Ipy3a» M OT yria HakJoHa kamo3u. CHapsi, HaXo1sCh
TeTeph MO BIUSHUEM JIBYX CHII — Ipy3a P ¥ mponepyomei bt
asporiana B, Oyner nmajgath Mo HEKOTOPOIl paBHOAECHCTBYIOLIEH ITHX
nByx cuia S (uepr. V).

MO>KHO ¢ yBEPEHHOCTBIO YTBEPKIATh, YTO, YCTAHOBHB JKAJIO3U
a’poIIaHa O/ U3BECTHBIM OYEHb HEOOIBIIUM YTIIOM K TOPU30HTY
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(Teoperuyecku 3 — 15 rpaaycoB), MOXKHO JOCTUTHYTh OYECHb
IIOKATOr0 MaJIEHUsI, TO €CTh B HEKOTOPOM POJIE, [10100MsI MapeHUs
HTHUIIBL.

Bechk mporiecc nmoctynarenbHOTO MajeHust CHapsIa, €ro CKOpOCTh U
YCTOMYUBOCTH 3aBUCST MPEXKIE BCETO U TTIaBHEE BCETO OT BETUYHHEI
«aKTUBHOTO rpy3a» P: yeM 3To P Oyner Gosbliie, TeM anmapar Oyaer
0oJiee COBEPIICHHBIH, YCTOMYUBBIM M CITIOCOOHBIM PAa3BUTh OOJIBIIYIO
CKOpOCTH TIOJIETA.

Panpmie 6w110 TOBOPCHO, UTO CUJTY IMaACHUA CHapAda MOXHO IMOYTH
YABOUTD, 3dCTaABUB ABUTATCJIb pa6OTaTb B 06paTHYIO

Yeptéx V.
—
i
[ >
g

cropony. Ho MO>XHO TOT k€ IBUTaTEh 3aCTaBUTh padOTaTh B
TOPU30HTAILHOM HallpaBJIeHHUH, Kak npormnesuiep. Toraa k cuiie R
npucoeauHUTCs HoBas cuiia Q ot aBurarens (uept. V). Takum
o0pa3om, cHapsiJI, IpU MOCTyNaTeNbHO-TIAJAI0IeM MMONETe, OyaeT
HaXOJUTHCS MO BIussHUEM TpEX e — P, Q u R.

Teneps cpammBaeTcsi, 4TO K€ CTAHETCS ¢ OAIUTOHOM TPH
MOCTYINATEIbHO-TIaAI0IIEM TOJETE?
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bamion, B 3ToM ciry4ae, sIBISICTCS IIOMEXOH, BCIEACTBUE OOJIBIIOTO
OOKOBOT'O COIIPOTHUBIICHUS U €Cli ObI €ro BOBce HE ObLIO IpU
OITyCKaHMH CHApsiJia, TO MBI UMENTU OBl MICATTbHBIH JeTaTeIbHbIN
CHaps, COCTOSALINMA TOJIBKO U3 JBUTATENS M adpoIuiaHa. beITh Moxer,
B OyIyIieM Tak OHO U OyJieT.

HpI/I BCPTUKAJIbHOM IIaJICHUU CHapsAda Ha 3€MIIIO, 6aJ'IJ'IOH,
C€CTCCTBCHHO, COXPAaHUT CBOE BCPTUKAJIBHOC ITOJIOKCHUC U €TI0
JUIMHHAA IpoaoJIbHaA OCb coBOaNET C JIMHUEH HaIrpaBJICHUA
ABVIKCHUSA CHapsaa.

He o 6yz[eT IIpH MMaACHUU CHapsAaa 110 HAKIIOHHBIM IIJIOCKOCTSM. Bo
BCCX ClIyYasax MOCICAHCTO poJa, BEPXHAA 4aCTh Oamona noa
BJIMAHUECM BCTPCUYHOI'O COIIPOTUBIICHUA

Yepréx VI.

BO3/TyXa, IEHCTBYIOIIETO Ha TIEPEIHIO0 YacTh ero, Oyaer
3a/1ep’)KUBATHCS B CBOEM MOCTYNATEILHOM JIBUKEHUH, OTCTABaTh OT
BEPTUKAJILHOW JINHUM, IPOXOASALIEN YEPE3 BECH CHAPSA U
OTKJIOHSTHCS Ha3aJl HACTOJIBKO, YTO €T0 MPOJI0JIbHAS OCh OyIeT
NpHUOKATECS U, MOXKET OBITh, Ja)Ke COBIAIATh C IMHUEH MonETa
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caapsga NS (aept. VI). B cuy aToro otkinonenust, 6aion Oyaer
Bcerya oOpaiéH HIKHIM OCTPBIM HOCOM K BCTPEYHOMY BETPY U TEM
NPEJCTaBUT €My HaUMEHbIIIEE COMPOTUBIICHHUE.

[Ton kakum ObI YTJIOM HU Tafall CHapsA K TOPU30HTY, OAJJIOH BCeraa
OyJIeT OTKJIOHATHCS HA3a]| K JIMHUY HATIPABIICHUS JIBYDKCHUS HA
ornpeAeNEHHBIN Yol B 3aBUCUMOCTH OT OTKJIOHSIOIICH CHIIBI
COIPOTUBIIEHUS Bo3ayXa t M MOABEMHON cribl OajioHa U ¢ OJHOU
CTOPOHBI, U poneupyomux cuil R u Q — ¢ npyroii, o0pasyromux
napy CHJI, KOTOpasi CTPEMHTCSI [IOBEPHYTH OAJUIOH OKOJIO KOPOTKOH
ocu ero. Cienyer 3aMeTUTh, YTO Ha JIEFKOCTh OTKJIOHEHUS OaioHa
TaKke OyAeT BIUATH iuHa cBs3u W mMexay OalsioHOM U
asporutanoM. briarogapst U3BECTHBIM IPUCIIOCOOICHUSAM TEXHUUECKU
BO3MOKHO JIOCTUTHYTH TOTO, YTO, TIPH BCSIKOM YTJIe (B H3BECTHBIX
npeJienax) MoCTyNnaTeIbHO-TIaIal0IIero NojaéTa K TOpU30HTY,
MpoJI0JIbHAs OCh 0ayuIoHa Beeraa OyAeT COBNaAaTh C JTMHUEH
HaIpaBlIeHUs MONETA.

HeoOxoaumo enié ynoMssHyTh 00 OJJHOM O4€Hb Ba)KHOM SIBIICHUH,
MMEIOIIIEM MECTO TP MoCTymnaTeabHo-maaarmemM nojére. C Toro
MOMEHTAa, KaKk 0aJlJIOH, MOJ1 BIUSHUEM MPONEIUTUPYIOIINUX CHI,
JIEUCTBYIOIMX HA HH>KHIOKO YacCTh €r0 C OJTHOW CTOPOHBI U
JIECTBUEM BCTPEYHOTO COMPOTUBIICHUS BO3/AyXa, IEHCTBYIOIIETO HA
BEPXHIOIO YacTh Oa/lioHa — C IPYTOM, HAYHET OTKJIOHSTHCS OT CBOETO
BEPTUKAJIBHOTO MOJIOKEHHUS, TO, COOTBETCTBEHHO 3TOMY, HAUHET
YMEHBIIATHCS MOIEPKUBAOIIAs criia bayutoHa. Pyka 06 pyky ¢
3THUM, CHapsi OyJeT OTshKeNeBaTh. ITO OTsDKETICHUE CHapsiaa
MIPOUCXOAUT TETEPh HACUET TOTO ITACCUBHOTO I'Py3a», KOTOPHIH
paHbIlle TOTHUMAJICS BEPTUKATHLHO-CTOSIIIUM OAJUTOHOM. DTOT HOBBII
rPy3, Ha BEIMYUHY KOTOPOTO OTSDKEJIEBACT CHAPS U TIOSIBUBIIIANCS,
KaK pe3ylbTaT OTKJIOHEHHs OaioHa, s 0yay Ha3bIBaTh «CKPBITHIM
MaCCUBHBIM IPY30M».

Wcxons 3 mpuHIKIA TaHHOTO JIETATEIPHOTO CHAPSA/IA, CTAHET
SICHBIM, YTO OTSDKEJICHHE CHapsiia PH MageHUH, OTKYy 1a Obl 3TO
OTSDKEJICHHE HH SIBJISUIOCH, BCET/Ia OyAET JKeIaTeIbHBIM | IOJIE3HBIM
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JUTSL CUJIBI U OBICTPOTHI OCTYMATEIbHO-MAAI0IIET0 MOIETa, a TAKKE
JUIsl yCTOMYMBOCTH CHapsAaa B Bo3ayxe. [1o caMoii CylHOCTH 3TOro
MPUHIIAIIA OYEBUHO, YTO MPOTPECC JAHHOTO JIETATEILHOTO CHapsAa
HaxXoJUTCA B 3aBUCUMOCTH OT CTCIICHHU OTAKCIICHUA CTO IMPU MMaACHUN
Ha 3€MJIIO ¥ YeM C OOJIBLICIO TSHKECThIO CHapsiA OyIeT MOCTYMaTeaIbHO
nasiaTh Ha 3eMJIIO, TEM armnapaT OyJeT coBeplieHHee: n00, YTOObI
ObITh CHJIbHEE BO3/yXa, HY:KHO ObITH TSIKeJIee ero.

5. IlocTtynareJibHbIA NMOJET NPOTHB BeTpA.

Mexanuka monéra BooOIIe MPH BETPEHOM MOT0Ie OCTAETCs B 00LTNX
yepTax Ta e, KaK U [Py TUXOH norojie. BHyTpeHHue cuiibl cHapsiaa
U X B3aMHOE COOTHOIICHHE OCTAIOTCs 0€3 U3MEHEHUS U
HE3aBHCHUMBI OT TOTO, €CTh JI BeTep, WK ero HeT. COOCTBEHHO
roBOp#, armapaT, OTOPBaBLUIMCH OT 3€MJIM, HE 3HAET, UTO TAKOE BETEP.
«Berep He CyILIECTBYET JJIsl a3POHABTA» -- TOBOPUT BBICOKUI
aBTOpUTET B oOsactu Bo3ayxoruiaBanus 111, Penap — «Bcé
MPOUCXOAUT TaK, KaK €l ObI BO31yX ObUT 0€3YCIOBHO HETIOIBUKEH,
a 3eMJIsI YCKOJIb3aJia Obl TIOJI HOTaMU CO CKOPOCTBIO PABHOIO CKOPOCTH

BeTpax».’

CrnenoBartenbHO, YCIOBHS JIETAHUS TIPOTUB BETPA JIEIAIOTCS
MPOCTBIMHU U SICHBIMU, €CIIA BOIPOC MMOCTaBUTh TaK: MOXKET JTU
anmapar B MOKOHOM BO3/yXe Pa3BUTh TAKYIO MOCTYATCILHYIO
CKOPOCTH (110 TOPU30HTAIBHON MPOEKIINH), YTOOBI JOTHATH WITH 1aXKe
NIEperHaTh ONMPEAeNIEHHYIO TOUKY Ha 3eMJie, YOeraromyto oT HeTo ¢
onpeAenEHHOI0 CKOPOCThI0? M3 MOCTaBICHHOTO, TAKUM 00pa3oM,
BOIIpoOCa AJId YUTATCIIA CTAHET IMOHATHBIM, UYTO MEXaHHUKa moyéra
0cTaéTcs Ta K€ camasi U B BETPEHYIO U B O€3BETPEHHYIO MTOTO/1Y;
W3MEHSIOTCS TOJIBKO B OOJIBIIIEH WIN MEHBIIIEH CTEEHN YCIIO0BUA
TOCTHIKEHUS yOeraroleil onpeneléHHON TOYKY Ha 3eMIIe: eCIH
CKOPOCTh TIOCTYMATEIHHOTO T0JIETa, pa3BUBaeMast armapaToM,
MEHBIIIE CKOPOCTHU yOeraroiiei TOUKH Ha 3eMJIe, TOTJa Mbl TOBOPUM,
YTO anmapar He MOKET MOOOPOTh MPOTHBHOTO BETpa U HA0OOPOT.

% Umxenepn. XKypn. 1891 r. Ne6 u 7, ctp. 896.
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B crmocobHoCTH aIrapar pa3BuTb UK YCUJINUTL CKOPOCTb CBOCTO
MMOCTYIAaTCJIbHOI'O IMOJIETA 3aKIII0YACTCS BECh IIpOTrpeCcC BCAKOTO
JIETATCJIBHOT'O CHapsaa BOO6H.I€. B mamem cIydac, 5TOT IIporpecce
6YI[CT 3aBHUCECTh, I''TAaBHBIM 06p330M, OT CTCIICHU OTAXKCICHUSA
CHapsaaa, OT KaKUX OBI YCJ'IOBI/Iﬁ HC IIPOUCXOJHIIO 3TO OTAKCIICHUC.

Yem 310 oTs1KeTIeHHe OyaeT 00JblIIe, TEM CHapsi/a 0yaeT crnocodoeH
Pa3BUTH NPH CBOEM MOCTYNATEJILHOM NaJeHUH 00JIbIIYI0
CKOPOCTbH, a ¢JIeJ0BaTeJbHO, B COCTOSIHUM MPE010J1eBaTh Bce
00JILIIYI0 M 00JILIIYI0 CKOPOCTH BCTPEYHOI'0 BeTpa.

Ml BUCIIM YXKC, YTO CWJIa MAACHUA «aKTUBHOI'O I'Py3a» MOKCT OLITH
HOYTH Y/IBOCHA MPHOABIEHHEM CHIIBI «CKPBITOTO aKTHBHOTO TPY3a»;
OHa, Jajiee, MOKEeT OBITH eI yBEINUEHa CHIIOI0 «CKPBITOTO
IIACCUBHOTO I'Py3a» — H BCe ITH CHJIbI HAXOAATCS BO BJIACTH
a)POHABTA [1a’Ke MPH NPUMEHEHNH TAKOr0 cJ1adoro ABUraTe.is,
KaK caM 4YeJI0OBeK.

ECJ'[I/I, KaK Mbl BUJCJIN, YCTIOBCK, CUJIOI0 CBOUX MYCKYJIOB, MOXET
HOJTHATH CBOOOIHO B BO3AYX 10 20 KMJIOTPaMMOB I'py3a, TO MPH
MOCTYTATENFHO-TIA/IAI0NIEM TOJIETE ATA TSHKECTh MOXKET OBITh
nosezieHa 10 50 — 60 KuIorpaMMoB — a 3TO YK€ MPEJCTaBUT
SHAYUTCIbHYIO CUJTY TaJICHUA, UMCS GHIé B BUAY CPaBHUTCIBHO
MaJioe CONPOTUBIIEHHUE, MTPEICTABIAEMOE HIPKHUM OCTPBIM HOCOM
OaJIoHa, OJIETHIM B YIIPYTUH KapKac.

IIpu noctynaTenbHO-AIA0IIEM MOJIETE TIIABHAS POJIb BBINAIAET HA
a’pOIlIaH, 3HAYEHUE KOTOPOI0 YPE3BBIYANHO BAKHO: adPOILIaH
COCTaBJISIET, 1a ¥ Oy/IeT BCEr/la COCTaBIATh, TAKYIO e
CYILIECTBEHHYIO M HEU3MEHHYIO YacTh JIETATEIbHOIO ammnapara, Kak u
nBuraresnb. C MOSBIEHUEM K€ BIIOJIHE IPUCIIOCOOIEHHOT O, IPOCTOrO,
JETKOT0, CHIIBHOTO U 6€30IaCHOT0 MEXaHWYECKOT'0 JIBUTATENS U
IIPUMEHEHNEM €T0 K JJAHHOMY JIETaTEJIbHOMY CHapsiLy, HAUHETCS
[EPUOJ KOJIHUYECTBEHHOI0 YJIYYIIEHHS €ro , KOTOPOEe BBIPA3ZUTCS B
YCWJIEHUH MOILY CHapsiJa, HO OCHOBHAas M/iesl 3TOr0 JIETATeJIbHOI0
CHApPA/JAa OCTAHETCH HEM3MEHHOM.
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6. YCcTOIYNBOCTD JIETATEJILHOIO CHAPAAA.

Borpoc 0 coxpaHeHnn yCTOMYMBOCTH JIETATEIBHOIO CHAPAIA B
BO3/yX€ COCTaBJISIET IPEAMET MEPBOM U CYIIECTBEHHOW BaXKHOCTH.
[TeyanbHbIe pe3yabTaThl OMBITOB C 0€30aJIJIOHHBIMU CHAPSAAMHU
MOKAa3bIBAIOT, KaK TPYAHO BHIPAOOTaTh YCTOMYUBOCTD U KaK
HEHaJEXKHO UCKATh TOUKY OIOPHI B COIIPOTUBJIEHUHU BO3/1yXa.
['opa3no sierye ycToMunBOE paBHOBECUE JOCTUTAETCA B YIIPABIISIEMBIX
OaJIOHHBIX JIETaTEIbHBIX CHAPSAAX JIETYallInX BO3yXa, Ie
YAJIUHEHHBINA OAJJIOH PACIIOJIOKEH TOPU3OHTAIIBHO.

Ho u 31eck «ripononbHas HEYCTOMYHUBOCTBY, 3aBUCIIAS OT
HepeNuBaHus BOJOPOJa BHYTPH OaJJIOHA, SBIISETCS CUIbHBIM
«BHYTPEHHHMM Bparom», kak Belpaxaercd LLl. Penap. OtoT «Bpar»
JieflaeTcs TeM Irpo3Hee, 4eM Ooliee yBEIMYUBAIOT JUIMHY OajioHa
HAacY€T ero IMaMeTpa ¢ LEIbI0 YMEHBIIUTD €r0 COIIPOTUBIICHHE
BcTpeuHomy BeTpy. XoTs L. Penap ynomunaeTr 06 oqHOM CBOEM
NPUCTIOCOOTIEHUH, YHUUYTOXKAIOUIEM «IIPOAOIbHYIO HEYCTOMYMBOCTD»,
HO OH XpaHHuT ero B cekpere (Ibid. 913 ctp.).

[Tpu MouX ombITax ¢ FOPU3OHTAIBHBIM OayuioHOM B 1898 roxy, 4
3HAUUTENBHO MapaInu30Ball «IIPOJI0JIbHYIO HEYCTOMUHNBOCTh
YCTPOMCTBOM psi/ia MONEPEYHBIX ENKOBBIX IEPETOPOAOK BHYTPHU
OaytoHa, 3aTPYAHSIONMINX TIepeIMBaHUE Ta3a. JTa cucTeMa Oblia
MHOIO NPUBHJUIETUPOBAHA B TOM K€ IOJy.

Ho onHOro 3T0ro npucnoco6ieHus Oka3bplBaeTCs HEOCTaTOYHO: €CITU
cHapsi OyJeT J1eTeTh TOPU30HTAIBHO-TIOCTYIATENBHO C U3BECTHOIO
CKOPOCTBI0, TO BCTPEYHBIN BETEP NPOU3BEAET HEPABHOMEPHO
JlaBJIEHUE Ha 00a Ij1eya 3TOr0 «4yBCTBUTEIIBHOTO PhlYara»

(LLI. Penap), kakuM siBJIsieTCS YAJTMHEHHBIN OAJIJIOH U, BCIIECTBHE
ATOr0, KUJIeBasi KaUKa CTAHOBUTCSI HEM30EKHOI.

Camo 1o cede 3TO He COCTaBISII0 Obl OONBIIOTO 3aTPYAHEHUS; HO
npornesuiep, Oyay4u TECHO CBs3aH ¢ OaNIOHOM, yKe He Oyaer
paboTaTh CTPOro B TOPU3OHTAILHOM MJIOCKOCTH, a Ka4asiCh BMECTE C
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0ayuI0HOM, OyJeT pacTpauyuBaTh CBOKO IBUrATEIbHYIO CUITY, IEHCTBYS
B Pa3HBIX IIIOCKOCTsX. [lapanu3oBarh 3Ty KauKy BO3MOXKHO, IIPH
KECTKOH cucTeMe cHapsa, aBTOMaTUYECKUM NEepEeIBUKEHUEM IPy3a
(aspoHaBTa) B1OJIb OasIOHa, KaK 3TO MHOIO IIPUBUIIETMPOBAHO B
1898 rony.

Ho, Tem He MeHee, Bce 3T MOOOYHBIE HEYTOOHBIE SBIICHNUS,
CBSI3aHHBIE C TOPU30HTAILHO-PACTIONOKEHHBIM OAJIJIOHOM,
3HAYUTEIILHO 3aTPYIHSIOT M YCIOKHSIOT KOHCTPYKITHIO IMTOJ00HOTO
JIETATENBHOTO CHAPsIa, KOTOPHIN, TO3TOMY, HE MOXKET
YIIOBJIETBOPATH IJIABHOMY OCHOBHOMY TPEeOOBAHHIO MPAKTUYECKOTO
MPUMEHEHHUS B JKU3HU — «IIPOCTOTE U IOCTYITHOCTHU JIJIST BCEX.

KoncTpyxkuueit neratenbHoro cHapsaa tuna 1899 roga ¢
BEPTUKAJIbHBIM OAJIJIOHOM, 51 COBEPIIEHHO YCTPAHSIO OT cedst 3a00Ty
0 COXpaHEHUH YCTOMYUBOTO paBHOBECHS. BepTuKaabHbBIN OaIoH —
3TO, B U3BECTHOM CMBICIIE, TOT K€ Oblyauuii MMy3bIpb Ha BOJE,
YAEPKUBAKOLIUHI TIOIBEIICHHBIN CHU3Y IPY3 B YCTOMYHBOM
PaBHOBECHH.

IlenecooOpa3HOCTh MOAOOHOM KOHCTPYKIIMH, AJIS TOCTUKEHUS
YCTOMYMBOCTHU CHaps/a, Tak sICHAa U IPOCTa, YTo 51 He Oyay 00 3ToM
MHOTO pacnpocTpaHsaThes. [1o METKOMY ¥ BEpHOMY 3aMeYaHHIO
neritenanta M. H. BonbmeBa — «0aJlIOH 371eCh ABIAETCS HIHBKOM,

nomoraroeii pe6EHKy XoauTh» 4.

C TeueHneM BpeMEeHH, C TIOSABICHUEM BIIOJIHE MPUCIIOCOOIEHHOTO
JIBUTATENs, TOMOILb «HIHbKU—OAJIJIOHa» CTaHEeT U3JIMILIHEN U
BEPTUKAJIbHO-IEHCTBYIOLIN NTPOIIEIUIEP, TPUBOANMBIN B IBUKEHUE
CWJIbHBIM JIBUTaTeseM, Oy/IeT MOJAHUMATh BECh TPY3 B MIOJIHOM €ro
00BEMeE; TOT/1a OH caM JacT TOYKY OIOPbI B BO3yXe U OyneT
yIep>KUBaTh BECh CHApPs/l B YCTOWYMBOM PaBHOBECHH.

4 M. H. Boabmes. JleKiuu, YUTaHHBIE B BOEHHO-MOPCKOM COOpaHuH B
Ceacrormose B 1899 r. u B BoeHHOM coOpaHuu B XapbKOBE B TOM K€ TOJIY.
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7. Cxema o011€ro noJiéra.

CxemMaTu4yecku BECh IOJIET BbIPa3uUTCA B BUAC Cﬂe,HYIOIHCﬁ KpHBOﬁ:

Dur. VII.

Yépnast TMHUS — NOJET IPHU THXOI Moroze.
[TynkTHpHas TUHASA — TONET IPU BETPEHOH moroze.

IIpu Txoi moroae: IToabEém ¢ 3eMiM — BepTUKAIBbHBIA. JlIOCTUTHYB
U3BECTHOM BBICOTHI, OCTAHABIMBAIOT pabOTy JABUTATENS U
YCTaHABIIMBAIOT KaJI03U a3poIliaHa Ha onpeaenéHubii yroia. C atoro
MOMEHTa HAYMHAETCS MOCTYIAaTEIbHOE MaJICHUE CHAPA A 110
HEKOTOPBIM IIEPEMEHHBIM YIJIOM K ropu3oHTy. He nocruras semun,
OMATH 3aCTABISAIOT pabOTaTh ABUraTeNb HAa MOIBEM, a KaIIO3H
a’poIUIaHa yCTaHABIMBAIOT PeOPOM BEPTUKAIBHO. DTOT MOJET, TAKUM
o0pa3oM, B IpocTeiiieM CBOEM BUJIE, IPEJCTABUT POJL
BonHOooOpa3Ho# muauu (Wellenflug), cocrosmuii u3 psiaa nourn
BEPTUKAJIbHBIN IMOIBEMOB U MOKATHIX MAJCHUN.

IIpu BeTpeunom Berpe: [Ipu BepTUKAaIbHOM NOABEME C 3€MIIU
anmnapar OyZeT HeCKOJIbKO OTHOCUTHLCS Ha3aJ] BCTPEYHBIM BETPOM.
[ToaToMy OIBEM C 36MJIM HY’KHO COBEPILIATH C BO3MOYXKHOU
ObIcTpoTOM. JlabHEHIIMIA TOCTYMAaTEbHO-TIAJAI0ONINN TTONET OyIeT
COBEpILATHCS TAKUM K€ 00pa3oM, KaK U IPU TUXOU MOTr0/Ie; HO MYyTh,
MIPOXOJUMBIN JI€TaTeIbHBIM CHAPSAIOM, OYJET 3aBUCETh OT B3AUMHOT'O
OTHOIIEHUSI CKOPOCTEH JIETATENILHOTO CHApsiia U BCTPEUYHOT'O BETPA.
DTa OTHOCHUTENIbHASI CKOPOCTh MOYKET OBITh TOJIOKUTEIILHON WITH
oTpuLaTeNbHON. B nepBoMm ciyuae, anmnapar JETUT IPOTUB BETPa; BO
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BTOPOM — OTHOCHUTCS BeTpoM. OO yCIIOBHSIX, TPU KOTOPBIX arapat
MOYET JICTETh MPOTUB BETPa, ObLJIO TOBOPEHO paHbiie (ctp. 23).

8. HpaKaneCRoe JIETAHHUE Y€JI0BCKA.

Ho npu ucTMHHO NpPaKTUYECKOM I10JIb30BaHUU JIETATEIbHBIM
CHaps0M B OyTHUYHOM KHU3HH, YEJIOBEK TOJIBKO U3pe/Ka OyaeT
npuberaTb K TAKOMY CIIOCO0Y JieTaHHUs — MPOTUB BeTpa. OHO U
BIIOJIHE [TOHSTHO, TaK KaK HUKAKOE JIeTaHue He OyJeT Tak
MAaJIOBBITO/IHO, HETIPAKTUYHO, PUCKOBAHHO, HEMIPUSTHO U HEYA00HO,
KaK, UMEHHO, JIeTaHUEe [IPOTHB BETPa, B 0COOEHHOCTH IPH
COBEPILECHNUHU JTaJIbHUX PEUCOB.

Eciu coBpeMeHHBI Ye10BeK He MOHMMAET JIeTAHUS HHAYe, KAK
NPOTHB BeTPa, TO OyAyLIUil YeJ0BeK He OyleT NOHUMATh
JIeTaHWs UHAYe, KaK B (popMe M0JI1b30BaHMS MOMYTHHIMHU
BeTpaMM.

HenpakTU4HOCTS JIeTaHMsI IPOTUB BETPA, NIPEXKJIE BCETO, PE3KO
0OHapyXHUTCs PU OONBIINX NEepeséTax, Koraa norpedyercs
ycusieHHas paboTa JBUratens u 3aTpaTa toriausa. s Oyayiero
YyeJIoBeKa MPUHIIMIT SKOHOMU3UPOBaHUS pabOTHI IBUraTelNs U
cOeperxeHue TomIrBa (IOHUMast 3TO CJIOBO B IIUPOKOM CMBICIIE)
OyayT UrpaTh BaXXKHYIO POJIb U OH, UM€s 3TO B By, OyJeT Bcerja
JIaBUPOBATh B BO3yX€E, TO MOJHUMASICh HA HECKOJIBKO JIECATKOB WA
COTEH METPOB BBIIIIE, TO OIYCKasCh HUXKE, JIHIIb Obl HANTH CBOI
IIOIYTHBIN BO3YILHBIN ITOTOK.

BwmecTo TOro, uT00BI 3aTpaunBaTh PAOOTY ABUraTelNs MOUYTH
HENPOU3BOJUTENLHO Ha OOPHOY CO BCTPEUHBIM BETPOM, CKOPOCTh
KOTOPOTO J1aXke Ha HEOOJIBIINX BBICOTAX YK€ OUCHb 3HAYUTEIIbHA, U B
pe3yJbTaTe MOIYYUTh HUYTOXKHOE MTOCTYNATeIbHOE MepeABIKEHUE,
Oyaymuii a3pOHaBT, HAXOASCh B CJIOE MOIYTHOTO BO3TYLITHOTO
Te4eHUsI, 00paTUT paboTy ABUTATENS HA MOMOLIb 3TOMY TEUEHUIO U
MOJKET YJBOUTH, YTPOUTH CBOIO ITOCTYIATEIBbHYIO CKOPOCTb.
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Ho sTum emié He rcuepnbIBaloTCs BCe HEAOCTATKU JIETAaHUS IPOTUB
BeTpa. DTOT PO/ JIETaHUS KpallHe PUCKOBaH, HEMIPUSATEH U
Mmanoyno0eH. B camom fene, 10mycTuM, 4To anmapart JETUT cO
CKOPOCTBIO 15 METpPOB B CEKYHY MPOTUB BCTPEUHOT'O CPETHETO
BETpPa, UMEIOUIET0, MOJIOKHUM, 7 METPOB CKOPOCTHU B CEKYH]y; TOT/1a
A2POHABT U BCCb CHApPA 6YI[yT HCIIBITBIBATh JABJICHUC BO3/1yXa,
COOTBETCTBYIOILIEE CYMME 3THX CKOPOCTEH, TO ecTh 22 MeTpa B
CEeKYHJy. DTO JaBJIEHUE BO3/1yXa IMOYTH TaKOE K€, KAKOE UCIBITHIBAJI
OBl macCaXKup, CTOSIIIMKA HA OTKPBITOH IIOIIAKE BaroHa, J1EIarollero
0KO0JI0 75 BEpCT B Hac.

CHapsi1, MCIIBITHIBAs 1TOJI0OOHOE JIaBJICHUE BO3AyXa, OyneT
HaXOJUTHCS B OYEHb PUCKOBAaHHOM I10JIO)KEHUU, UMESI B BULLY
MOBPEXAAEMOCTh 0aIoHa U JETKOCTH (@ MO3TOMY U HEMPOYHOCTD )
MmarepHaia, i3 KOTOpOro Bceraa OyayT J1es1aThCs JIeTaTelbHbIe
CHapsIbl.

EnBa nu a3poHaBT OyzieT B COCTOSIHMM BbIIEPKaTh, XOTs Obl U HE
HaJ10JIT0, I0A00HOE TI0JI0KEHUE, UMes elI€ B BULY, UTO EMY
IPUIETCS JIETAaTh B TAKUX CJIOSAX BO3AYXa, IZle TEMIIEpaTypa
CpaBHUTENBHO HU3Kas. [Ipo criokoiiHOM BO3yXe JIETKO MEPEHOCUTCS
Jla)Ke CaMbli CUJIBHBIN XOJIOA; HO Aa)K€ YMEPEHHBIN X0JI0/], KaK
roBoput [ nemiep, ConpoBOKAAEMbINA BETPOM, CTAHOBUTCS
HEBBIHOCHMBIM H JIEHCTBYET YOUHCTBEHHO HA OPTaHHU3M. °

Urak, 6ecrione3nast 3aTpata pabOThI JBUTATENS U TOIUIMBA, MaJIbIi
3¢ (}PexT mocTynaTeaIpHOT0 NEPEABIKEHHS, PUCKOBAaHHOCTH U
HENPUITHOCTH — BCE 3TO MOOYIUT JtoIel B OyAyIieM u3oeraTh, 1mo
Mepe BO3MOXHOCTH, ITOJIETOB IPOTUB BETPA, a TEM 0oJiee COBEPIATh
JTaJIEKUE PEUCHI.

Ho nycts He mogymaer yuTaress, 4TO BCEM 3/1€Ch CKa3aHHBIM, 5
OTpHUILAI0 HEOOXOJUMOCTb JIETaHUSI IPOTUB BETpa MPU MPAKTUYECKOM
I10JIb30BAHNN JIETATENbHBIM CHapsAaoM. OTHIOAbs HeT. HanpoTus,
CIOCOOHOCTH amnmnapara JieTaTb IPOTHB BETPA JacT YEJIOBEKY

% Bosnyuinble mytenectsus muctepa [nemepa, crp.13.
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CO3HaHHME MOT'YYECTH CHapsi/ia U BCEJIUT YBEPEHHOCTb B CBOU CHJIbI Ha
city4aii 60psOBI ¢ BETPOM. S TOIBKO 3TUM XOTEJN CKa3aTh, YTO €CIIU
JIOMOTaTeIbCTBO JIETAHUS IPOTUB BETPa U COCTABIISAET IPEIMET
0co00ro0 pojia cropra cpeiu YUEHbIX, H300peTaTeniell u JTI00nTeNeH,
U, 10 UX MHEHUIO, COCTaBJISET ajb(dy U OMEry Bceil mpolaemMbl
JICTaHUS YEJIOBEKA, TO B Oy THUYHOH )KM3HH JICTAaHHUE ITPOTUB BETpa
HE COCTABJISICT IJIaBHEUIIICH W HACTOSATEIIHHOM HEOOXOIUMOCTH. S
ri1y0oKo yOeXIEH, UTO, €CiM OBl JIFOM HE CTaBUJIM Mepe]] COO0i
JTUJIEMMBI: WJIM HEPEMEHHO JIeTaTh MPOTUB BETPA, UM COBCEM

HE JIETaTh M HE JIeJaH Obl U3 ATOTO MPEIMET CIOPTa, MOJA00HO
JTOCTHKEHHUIO CEBEPHOTO MOJI0Ca, TO MpobdiemMa JIeTaHUs YeloBeKa,
XOTs OBbI HE B TIOJTHOM 00BEME, HO MPAKTHYECKH, OblIa ObI TABHBIM-
JTABHO pEIlleHa.

B 00b11eHHOI )KU3HU JIeTaHHe IPOTUB BeTpa OyJIeT COCTABIATh
TOJIBKO OTJEJIbHBIN 3MIM301 — YACTHBIN CIIy4all IPAKTUYECKOTO
I10JIb30BAHNUS aNnapaToM. JTO JIETaHUE HAUIET CBOE MECTO IIPEKIE
BCETO B JIBYX CIIy4asiX: IPHU MOABEME CHAPSIAA B BO3AYXHU U IIPH
OIlyCKaHUU Ha 3eMJII0. B mepBoM cirydyae — KOria 4eioBek,
MTOJHABIINCH, 3apaHEe UMEET B BULY IPUIIETETh B TO K€ MECTO, WIH
K€ IPUHYKIAEH BO3BPATUTHCS, [IOTOMY YTO HE MOI' OTBICKATh
HY>KHBIM €My TIOIYTHBIM BO3YIIHbIN ITOTOK. BO BTOpOM citydae —
KOTJ1a, MpUOIMKasCch K MECTY Ha3HAUCHUs, YEJIOBEKY MPUIETCA
IIPEO0JIETh BCSIKUE BETPa U BCAKUX HANPaBICHUM, JUIIb Obl ONACTh
B Ha3HAUYCHHBIN ITYHKT Ha 3emiie. Bech MONET MEXKAY STUMU ABYMS
MyHKTaMH OyJIeT COBEPIIATHCS MOMOIIBIO MOMYTHBIX BO3AYIIHBIX
IIOTOKOB, KaK JapOBOI0 CUJIOI0, HE3aBUCUMO OT UX CKOPOCTH U
PacCTOSIHUS MEXAy JaHHBIMU IyHKTaMHU Ha 3eMIIE.

Harmma atmocdepa u3pesana BO3AyIIHBIMHA TEUEHUSIMH, HAImo00ue
WCIIOJIMHCKUX PEK, Pa3HbIX HAIIPaBICHUI U CKOPOCTEH, U 0 BBHICOTHI
TpEX BEPCT (Kak mpeIes Hallero MPaKTUYECKOTO JIETaH!Us) TIOUTH
BCEr/la MOKHO HAWTH OJIaronpusaTHOE BO3AYITHOE TEYCHHUE.

Fnemep TOBOPUT O CYHICCTBOBAHUU PA3JIMYHBIX BETPOB HA
Pa3IUMYHBIX BBICOTAX, I[O6aBJ'I5[5[, YTO CTOUT TOJIBKO BI>I6paTB
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COOTBETCTBYIOLIEE [TOJIOKEHHUE, YTOOBI UTH B KAKOM YTOJIHO
nanpasienun.® [Ipodeccop JI. M. Mensees 3amMedaer, uto ero
a’pocTaT «IeTell He 10 MPSIMOM JIMHUM, a 110 IOMaHHOH, TO €CTh
HaIpaBJICHUC U CKOPOCTH BETPA USMCHAIIUCH B PA3HBIX CJIOAX U
Tonocax TPoieHHOr0 BO3yXa, KaK 3T0 4acTo ObiBaeT»’ «M3yuas
BO3QYIIHBIC TCUCHUA», — TOBOPUT OH B APYT'OM MECTEC, — « MOKHO
H0JIb30BATHCS A3POCTaTaMU JIJIsl HAIIPABIICHUS ITOJIETOB B )KEIAEMYIO

CTOpOHYY. &

[TonyTHBIE BETpPBI, KpOME TOr0, 00JIa/1at0T CBOMCTBAMH KpaiiHe
0J1arONPUATHBIMU JUIS BO3AYILHBIX ITYTELIECTBUN: «B CAMOM JIENe», —
TOBOPUT HAIl OTEYECTBEHHBIN aBTOPHUTET 110 BO3IyXOILIABAHUIO
npodeccop M. M. [lomopues, — «Bce 1aHHbIE, U3BECTHBIE HAM U3
BO3/yXOIlJIaBaHUs, HAOIIOAEHHH 3a 00JlakaMM, HAOJII0IeHUH 3a
BETPOM Ha OarHe Diidens u npu 3amycKkaHuy 3MeH, YKa3bIBaloT, 4TO
JBID)KEHUE BO3yXa HA CPABHUTEIBHO YK€ HEOOIBIINX BBICOTAX
CTAHOBHTCS BECbMa PABHOMEPHBIM U TOCTOSHHBIMY.

Ha neGonpmmx qaske BICOTAX BO3/YIIHBIE TOTOKHU, HE BCTpeYast Ha
CBOEM IYTH HEPOBHOCTEH KOHTUHEHTAIBHOTO penbeda, IBIKYTCS
paBHOMEPHO, TTOTOOHO UCTIOJIMHCKUAM peKaM, IM0I00MeM Yero MOryT
CIIY’)KUTh BETPBI, IYIOIUE HAJl OTKPBITHIMU MOPSMHU.

«Ecnum ynacTes M3yunTh 3aKOHBI BO3LYIIHBIH TEUEHHD», — TOBOPHT
CDJ'IaMMapI/IOH, — Ha Ppa3JIMYHbIX BBICOTAX COOTBETCTBECHHO BPEMCHAM
ro/la M yacaM JHs, TO BENHMKAs 3371a4a HANpaBJIEHUs adpOCTaToOB
oynet paszpermena».'® «Toraa Mel cyMeeM HalpaBUTh a3pOCTAT HA
OTIpeIeNEHHYIO TOUKY PO3bI BETPOB H ITyTEIIECTBOBATH 110 BO3AYXY
Ha YIPYTUX U HEXHBIX KPbUIbAX BETEPKOB. Bo3ayninble myTH,
OTKPHITHIE TPOMBIIIEHHOCTH HAyKOM, TIPEICTABAT HaM CBOH HE

® Bosnymnble mytemectsus Muctepa [nemepa, crp.71

" Bosmymnbiit monér u3z Knuna Bo Bpems 3aTMenus, ctp. 79

8 Tam xe, c1p.93

9 0030p Teopuii, OOBSICHSIIONINX MAPSIUIA MONET nTHI. Bo3ayxomnaBanue
M. M. Ilomopuesa. Brin.4, ctp. 54

10 Bozaymmnbie nyremectsus Gnammapuona, ctp. 141,
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TpC6y1-OH_II/IC PEMOHTA JOPOIrU 4JIA CaMOro BEJIMKOJICIIHOI'0, CaMOI'0

BCJIIMYCCTBCHHOTI'O IMYTCUICCTBUA» ll.

OTH MOMYTHBIE BO3AYIIHBIEC TOTOKU COJNM3SAT PACCTOSHUS; YaCTU
CBETA, COCIMHSIEMBIC BO3NYIIIHBIMU PEKaMH, CTAHYT COIPEICIbHBIMH.
Toraa 4enoBek, MoJb3ysCh UMHU, MOXKET C OOJIBIIIMM MTPABOM, YEM CaM
Komaym0, TOBTOPHUTH €T0 CIIOBa: «CBET HE BEIIUK. ..

Ipumeuanue: JJaxe NTULBI, ONapEHHBIC U1€AIbHBIM JIETATEIBHBIM
MEXaHU3MOM, U T€ KpaliHe 4YyBCTBUTENIbHBI K IPOTUBHOMY BETPY; BOT YTO
nuuiet Yapnbce IMKCOH, criequalIbHO U3ydaromui nepenér ntul;: «lItums
OUYCHb BHUMATEJbHBI K BEIOOPY BETpa M HUYTO TaK HE 3aJ€P)KUBACT
nepenéra, Kak HeOJIaronpusATHOE BO3LYLIHOE TEUCHUE: HHOTA MaJICHbKHUE
ITyTEIIECTBCHHUKH JHAMH K IYT, YTOOBI TIOAHSIICS OJIarONpHsATHBIN

BETEPOK M CHOBA MOXHO OBUIO ITyCTHUTHCS B yTh» (Ilepenér mrum, ctp.
79).

11 dnammapuon. Atmocdepa, cTp. 568
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I'JIABA 111.

(ITucemo mpodeccopa Mmneparopckoro [lerepOyprckoro
Texnonornueckoro Mucruryra Unnonura AutoHosruua EBHeBUYA).

3ajgaya o0 cB000HOM NAJEHUH, B CONPOTUBJISIIONIENCA cpefe,
TAKET0H TOUYKH, CHAOKEHHOI a3PONJIaHOM.

Munoctussiil ['ocynaps
Koucrautun AxoBineBuy!

Hauvano 0 xoopAMHAT moMeIaeM B TOH TOYKE, B KOTOPOH HAXOAMIACh
nmagaromiad TO4YKa m Impu Ha4Yaja€ CBOCro JABUKCHHA, OCh X HaIlpaBJIsIEM
M0 BEPTUKAIHU BHU3, & OCh Y — TOPU30HTAJIBHO B TUIOCKOCTH,
conepxartiert Tpaektoputo. [lycts P Oyner Bec manaromeit Touku m,
BMECTE C BECOM ad’pOIlIaHa.

A - jiomanab aspoIuiaHa.

B - yron HaknoHeHus MIOCKOCTH a’poILiaHa K BEpTHKAIH (T.€. K ocH X
CHKCOBY).

® - YroJI HaKJIOHeHHs! K ocu X («HKCOB») CKOPOCTH V B MOMEHT 1.

Cua compoTHBIICHUS BO3yXa, HOpMaJbHAs K IIOCKOCTH a’poIljIaHa,
BhIpaXkaeTcst popMysior:

KﬂA sin®(f — w) v°
2g
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B KOTOPOii v Sin (B-®) ecTh mpoeKius CKOpocTH V Ha HOpMAaJIb K
a’poruiany, A eCTh BEC OJHOT0 KYOMUECKOTO METpa BO3/yXa,

g - yckopenue cuiibl TsbkecTd B K- koauimenT, BepoaTHO OJIM3KHA
k 1.825, ecnu 3a eMHUILY JJIMHBI TPUMEM METP, a 38 €AUHUILY CHUIIbI —
KHJIOTPaMM.

Yeptéx VIII.
0 % y
XV
y
P
VpaBHEHUS TBYKEHHS OyIyT:
mS =P Nsing = P—%v: sin®(B—w) sin n

a2 KAA 5 . ¢
m =2 = Ncos = — v2sin?(B — w) cosp

de? - . 2

O0603Ha4MM MPOEKIMU CKOpOCTH V Ha KoopauHaTHbIEe ocu X U Y yepes
€ 1M, Toraa noJay4uMm:

dx—vcosm— dy—vsinm—
dt @, dt N

a IIpyu 3TOM YPaBHCHUSA ABUKCHHUA 3aIIUITYTCA TAK!:

di P KAA 2 gin?( ) si
dt_m_Egmv sin“(f — w) sinp
dn KAA |

= %r sin®(f — w) cosp
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Ho vsin(p — w) = v cosw sinf — v sinw cosP = T sinf — 1 cosf
MO3TOMY UMEEM

g = 5 - f:: (Tsinf —1n cosP) sinf .....oooeeveiiniinnnnnn. (3)
dd_: = 2: (TsinB —mcosB)®cosf ..., (4)

Ymuoxas ypasaenue (3) na Sin B, a (4) na Cos p 1 BeIUUTAas OJHO U3
JAPYTroro, MOJy4YdM HOBOE YpaBHEHHE

dz  dy P oo KA v

— sinf — —cosp = —sinf — —— (T sinf — 1 cosB)?

It B I B - B Egm'i B —mn cosp

Ecnu npemonoxum, 4to yroi B Bo BCE BpeMst ABHKEHHST OCTAETCs
MOCTOSTHHBIM, TO OyJIeM UMETh:

2 (2 sinp — n cosp)?

dt m 2gm

difzinf-n cosf) _ Ps=inf KA

Wnu, npunumas Zsinf —n cosp=v sin(f— w) =,

du _ 2 42 2
el BT (5)
__ Pz=inf - 2 KAA

2Em

VYpaBHeHue (5) NPOUHTETPUPYETCS, €CIIU MPEATIONI0XKNUM, YTO
IJIOTHOCTH A cpeJibl €CTh BEIMUMHA IIOCTOSIHHASL U YTO YCKOPEHHE
CHJIBI TSDKECTH (),  CJIeZI0BAaTENIbHO U BeC P MOYKHO CUMTATh TaKXkKe
MOCTOSIHHBIMU. [IpH TakuX MpeanooKeHusax ypaBHeHue (5) JOCTaBUT:

u={sinf —n cosp = E FOEY @)
E:nht_ 1 Eaht _E—nht
Tne f(t)= gy = EBEGEIE <+ooeeerteieies e (®)

VYpasuenue (7) onpeaenser HaM B PyHKIIUHA BPEMEHH, TPOEKIIHUIO
ckopocTd V Ha HOpMaJlb K a3poruiany. MOKHO MOJTYyYUTh U MPOEKIIUIO
ckopocTH V Ha III0CKOCTh adporuiana. O603Havast 3Ty MOCIEAHION
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npoekuio yepes W nosrydaeM BhIpaXKeHUe
W=vcos(B—w)==TcosB+nsinB ............oill 9

YMHuoxas xe ypaBHenue (3) Ha Cos B3, ypaBHenue (4) Ha Sin B u
CKJIQ/IBIBAst UX MOJTYYIHM:

d({cosp+nsinf) dW P cosf

dt dt m
Pcosf

Otkyna nomydaem W = t+ C. Honput =0 ckopocts W = 0;

MMO3TOMY U NMOCTOAHHAA C= 0 CJ'IG,I[OBaTeJ'IBHO

W = ¢ cosf+ nsinf = = (10)

Pcosf

Pemas ypaBuenus (7) u (10) oTHOCUTENBHO U 1), HAXOIUM:

dx a
§=vcnsm=—=

PEDBE

N =vsinw =2 = (tsinB) — 2 (cosB)f (£).......... (12)

Ny, 1o coBepiieHNN MHTETPUPOBAHUS:

_PeosB i, 8 2 sing [ F(t)dt +C'
y= Pw s —= n:n:nsﬂ J‘_f{t dt + C"

sbt

_E—nht .
Ho [f(t)dt= [ S dt=—In(e® + ™), u

nht+e—n1:|t

npu t = 0, koopauHaTel X 1 Y Kaxk1as paBHa HYIIIO, TIOATOMY,
OKOHYATEJIbHO UMEEM:

_ Proz" 2 2em oBUT 4 o —8bT .

x=——1t —I—mln(f)smﬁ ..................... (13)
__ PcosPsinf 2 Zgm gibt o —ebt
I — t —mln(f) cosP .o (14)

Paznenss xxe ypasuenue (7) Ha (10) Haxomgum:

U _ _a m fir)__m 2gsinf flt)
__tan([?,—m) _EPEDBET_CDSE KAAP ¢ (15)
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DTO0 moclieIHee ypaBHEHHUE ONPECISICT HaM B KaXKbIii MOMEHT
BpeMeHH i, HampaBiieHne ckopoctr V, To ecTh yron . Tak Hanmpumep,
pu Havase ABrxkeHus, koraa t = 0, qpoon

Bbt _ o sbt

FlE) 1e . o 0/0:
— PaBHad - —gr——gr NpuHEMacT Heonpenenéuubi Bua 0/0;
HO MCTHMHHOE 3HAYCHUE 3TOM HEONpeaeéHHOCTH ecTh ab, mo3Tomy,
mpu t = 0, umeem:
m [2g sinf

tan(f —w) =— |[=——— ab=tanf T0ecth . =0.

cosf 4] KAAP
Yacrtublii cayuaii: Ecin = 0, B 3ToM ciydae a’sporuial He BCTpedyaeT
COIIPOTHUBIICHUS, & TIOTOMY JIBHYKEHHUE JIOJKHO MMPOUCXOIUTH, KaK ObI B
IyCTOM MPOCTPAHCTBE. J|elCTBUTEIBHO, TPUHUMAs B HAITUX (OopMyIiax

B=0, monyuum a =0 u

—F 2 _1 2.,
x=Lv =8ty 0
dx &y _ =
dt—g‘t, 0uw=0

ITpu B =90 rpagycoB IBUKEHUE TOIKHO OBITH MPSIMOJIMHENHOE 10
BEPTUKAIM BHU3 U JEHCTBUTEIBHO, OJIy4aeM:
eht , —abt
Zgm e te
x=—= ln( } y=0
KAA 2
dx gbt __—abt

- _E. _E.E' 2 _ |'__ —
E_Ef(t:] = § JEbtg-abr » [AC TCMCPh & = \,-'pfm— Ve

Jl11s onydeHus: ypaBHEHUS TPACKTOPHUH, HY>KHO ObLITO ObI 13
ypaBuenuii (13) u (14) uckimrounts Bpems t, HO 3TO UCKITIOUEHUE eBa
JI1 BO3MOYXKHO.

[Tpumeuanue. [Tone3Ho 3aMeTUTh, UTO PYHKIIUS

zabt_ .
e’ =1
f(t) = mbig, ObICTPO MPUOIIMKACTCS K eJUHHIIEe.

. EBHeBHu.
[TetepOypr
28 Hexadps 1899 rona.
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Byayuu nanexo He n30a10BaHHBIM OTKPBITO BHIPAXKa€MbIM
COYYBCTBHEM K MOHMM TpyaM, st ObLT IIyOOKO TPOHYT COTJIacCHeM
riry0oKoyBaskaeMoro npodeccopa NpuHATh y4acTHE B TEOPETUUECKON
pa3paboTKe JaHHOTO JeTaTebHOro cHapsaa. He Mue ero 6marogapurhb
— MO# 0JIar0JJapHOCTh CIUMIIKOM HUYTOXHA. BBITH MOXKeET,
Hactynatomuii XX BeK, M0JIb3ysICh MIIOAaMU 3TUX TPYJIOB, CYMEET
OLICHUTH OECKOPBICTHYIO TYMaHHYIO TOTOBHOCTh JJOPOTOro npodeccopa
IIOCITY’KUTh Ha MOJb3Y JIOISIM.
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TexHn4eckas 4acCTh.

VsicHuB cebe TOYHO O0IIKe MPUHIIHIIBI, N3JI0KECHHBIC B
npeapiaymei ['nase |1, s mpucTynui K yCTpoHCTBY HOBOTO
aeratenpHOro anmnapara. Ho, K MoeMy oT4astHUIO, MOU pabOThI
HAYaJIUCh MPU CaMbIX HEOIAronpusTHRIX oOcToATeNbCTBaX. Hauath
C TOTO, YTO 1MOYTH BCIo 3uMy 1898 — 99 roza s coBepieHHO
Oecmonno nmotepsi B [lerepOypre B morckax 3a COUyBCTBUEM U
NoAAEPKKOMU. JIpyras Heyjaua — CIMIIKOM MO3JHEE MOJTYyYECHHE
OarioHoB (mouTu B KoHIe ABrycta) u3 [lapmxka ot r. JlamamOpa.
Ciyunioce 3TO IOTOMY, YTO S CJIMIIKOM IO3]IHO cesnai 3aka3. Tak
WM WHAaYe, HO caMoe Jiydlliee BpeMs JJis OTBITOB — JIETO — OBLIO
norepstHo. Ho 3TM He OKOHUMIHMCh MOU OeICTBHSA: OAaJUIOH,
nonyueHHsli u3 [lapmxka, Oyayun T€OpeTUYECKH BEPHO U
THIATENTFHO 00paboTaH, HAa MPAKTUKE 0OHAPYKHIT HEKOTOPHIC
HEJOCTATKH, JIETKO, BIIPOYEM, YCTPAHUMBIE, HO KOTOPHIE HE
MIO3BOJIMITH €T0 TOTYAC MPUMEHUTH K JIEIy.

Bce 310 BMecTe MOTJIO AEHCTBOBATH ONISTIOMIISIIONTAM 00pa3oM

HE TOJIBKO Ha MEHsI, HO U Ha BCAKOTO JIPyroro u3odperaress.
[Tpuxoaunoch WK BOBCE OTKA3aThCS OT IPOU3BOJICTBA OIBITOB
3THUM JIETOM, — a 3TO 3HaYWJIO HABCETa paclpoIlaThCs CO CBOUMU
IUTAaHAMU U MEYTaMHU, WM )K€, B KaUeCTBE MOCIETHETO pecypca,
BOCIIOJIb30BaThCSI OIHUM M3 MPOLUIOT0IHUX OAJUIOHOB U KaK-
HUOYIb MPUCTIOCOOUTD €0 IS OMBITOB COOOpPa3HO MOUM IUIaHaM U
nensM. K cuactelo, 310 caenath Obl10 BO3MOXKHO. HyX/bI HET, 4TO
HUKHSISL 4aCTh BEPTUKAJILHO ITOCTaBICHHOTO 0aJUIOHa BBIXOIUIA
OUYEHb HEYKIIIOJKEN U, BMECTO OCTPOIrO HOCA, OHA KOHYAJIaCh
HEKPacCHBBIM MEIIKOM C yI1yOJIeHUSAMHU U BIIaAMHAMU, KOTOPBIX Ha
CaMoM Jiesie He TOJDKHO OBITh; HO, TaK WM MHAue, Ha HEM MOYKHO
OBLJI0 JIeTaTh U Mbl HAYaJIH JIETATh.
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OnBITH HAYAIKUCH TTOYTH C KOHIIAa CEHTSOpPs U TaK KaK IMoroja craja
OCEHHEH, TO, MOHATHO, IPUXOAUIIOCH JJOBUTDH Yachl TUXOM MOTObI,
KOI'/Ia TOJABKO U MOKHO M3Yy4aTh anmnapar Mpu IpOCTEUIINX
YCIIOBUSIX — €r0 MOBEMHYIO CUITY, pa0OTy JIBUTATEILHOTO
MeXaHHu3Ma, paboTy a’poIuTaHa U MEXaHU3M MOCTYIATEIbHO-
najaroiero nonéra. [lo3nHee Hayano OnbITOB, KOHEYHO,
OTPa3mIOCh Ha KOJUYECTBE UX, U B TO BpeMmsi, Kak B 1898 rony
ObL10 coBepIeHO 0koJio 150 moabEMOB, B TOM TOAY IIPOU3BEICHO
Bcero okoJio 40.

B 5TOM rony s Takke He MO3BOJISIII CBOEMY MEXaHHKY-a3pPOHABTY
[Tetpy KocsikoBy mpou3BOIUTE BHICOKUX MOABEMOB, a
OrpaHMYMBaTHCS NOIBEMOM 10 BbIcOThI 100 — 200 caxkenei.
KoneuHo, st OTIIMYHO CO3HABAI, YTO, MPU MOI0O0HO BBICOTE B3JIETA,
OTIBIT TEPSIET CBOIO TOJTHOTY M 3 (EKT OIBITa HECKOIBKO OJIEKHET.
Ho st mogoGHOro orpaHN4eHus UMENHUCh CePhE3HBIC MPUYMHBI:
1) He HAYYMBIIKCH CBOOOHO M YBEPCHHO YIIPABJISATH CHAPSIOM B
TUXYIO TTOTO/1y, @9POHABT HE CIIPABUJIICS ObI C BO3YIIHBIMU
TEUYEHUSIMH TIPH BBICOKUX MOIBEMAX, OTIIETAN OBl JaJIEKO OT MECTa
IPOU3BO/ICTBA OIBITOB M T€M O0PBIBA HX; 2) TPH HU3KHX

o IbEMaxX BO3MOKHO OBLIIO COBEPIICHHO YAOBJIETBOPUTEIHEHO
U3y4yaTh NMOJABEMBI CHaps/1a, CITYCKH, OCTAHOBKH B BO3/YXE,
MIOBOPOTHI M MTOCTYTATEbHO-TIAAA0IIIE MOJIETH M HAKOHETI,

3) s1 ToMmKeH OBbLIT HEBOJIBHO MOCTABUTH AT OIBITHI B CAMBIC
CKPOMHBIE paMKH, YyXJIbIe BCIKOTO yXapcTBa U OpaBaibl, IO
KpaifHell Mepe, 110 MePBBIM roJlaM pa3BUTHS JieNIa: 51 OTIINYHO
CO3HAaBAJI, YTO €CJIM OBl CIIYYMIIOCh KaKoe-I100, XOTs ObI
MaJIeHbKO€, HeCUacThe C a9POHABTOM, MHE OBIJIO OBl BOCIIPEIIEHO
JanbHEHIIee MPOU3BOACTBO «OMACHBIX» ONbITOB. [TycTh cyaut
YyUTaTeNh, HACKOJIBKO 3TO OBLIO OBI MOJIE3HO I Aenal...

Amnmnapat tuna 1899 roga yctpoeH cieayronmm oopa3oM: OH
COCTOUT U3 OaJlJIOHa, adpOIlIaHa U ABUraTeIbHOIO MEXaHHU3MA.
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Bannon, kak BugHO U3 ueprexa IX, umeer yamuuénnyro Gopmy, ¢
00enx CTOpOH 3a0CTPEHHYIO U MOCTaBJIeH BepTUKanbHO. [1o 3aaHei
CTOpOHE OaJIJIOHA MPOXOUT BO BCIO €r0 JTMHY HIUPOKUI pykKas (),
UMEIOIIUI cooOIIeHne ¢ 6aToHOM B HIDKHEl ero yactu (b). Pykas
ATOT IOCTATOYHO

Yepréx IX.
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HIMPOK U MPEACTABISAET HEKOTOPYIO EMKOCTH JIJIsl TOTO, YTOOBI, Ha
CITy4aid BRICOKHX MOJIBEMOB M PACIIUPECHHUS Ta3a B OAJIOHE,
M30BITOK Ta3a YXOJWI B PyKaB, KaK B 3allacHOM pe3epByap. Takum
00pa3omM, Mpu paclIMpeHuH ra3a B OauioHe, OH (Ta3)

HE BBIITYCKaeTcs B Bo3AyX. HikHMIT KOHel (C) pykaBa CyXeH U
3aKpETUISETCS] OKOJIO CHICHBS a3POHABTA; HA CITydail HeCYaCThs
(BBICOKH B3NET BBEPX) a9POHABT MOXKET BBIMTYCTUTh U3BECTHOE
KOJIMYECTBO Ta3a uyepe3 ITOT KOHEIl.

[To 06eum cTopoHaM BJ10JIb OAJIJIOHA UAYT CKIAJIKH, K KOTOPBIM
npukperuieHs! cTpyHs (dd), moanepKkuBaromue BHIU3Y a3poIliaH U
Bech MexaHu3M. Pa3mep GaisioHa, ero gpurypa, EMKOCTb U
NOABEMHAS CHJIa ONIPECIISFOTCS PAa3IMYHO B KaXKJJOM OTAEIEHOM
ClyJaer.
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Abdporial, IpeaCcTaBIseT YeTHIPEXYToIbHYI0 6aMOYKOBYIO pamy
(AA), HETTOABIKHO YKPEIUIEHHYIO, C PACIIOIOKEHHBIMU

Yeptéx X.
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Ha Hel MonepeuHbIMH OTISIBHBIME TUIaHAMH WK kanto3u (BBB),
MOTYILIMMH BpaILlaThCsl OKOJIO CBOEH Mpoa0iIbHOM ocu Ha 180
rpaxycoB. [IpocThiM MeXaHU3MOM (CC) BCE ATH JKAIIO3H MOTYT
yCTaHaBJIMBATHCS Ha JII00O0M yroil U aBTOMAaTHYECKU 3aKPETUIAThCS.
Kanro3u mpencTaBisitoT TOXKe paMKH, TOKPBIThIE CBOOOIHO
HIEJIKOM.
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JIBUraTenpbHbI MEXaHU3M MpeacTaBisieT cuaeHbe E (dur. Xl u
XI1), pacrionoxkeHHOE B MONYKPYTiioM 00pyde F; moa Horamu

Yeptéx XI.
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a’pPOHABTA HAXOAUTCS OOBIYHBIN BEOCUIICIHBIH PUBOL (Q),

Yepréx XII.
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Ha Me/lajli KOTOPOro OH JEMCTBYET; BpallleHue MOCPEICTBOM LIETH
(I) mepenaéres na Bain (K), pacmosoxeHHBIH 3a CIIMHO adpOHABTA.
Ha nByx KOHIIax Bajia yKperuieHbl KpecToBUHBI (L), Ha KOTOPBIX
cusT 1o yethipe nonactu (M), ynapstomnue mo Bo3ayxy. Kaxmas

Yeptéx XIII.
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JIOTIACTh MPEJCTABIISIET PaMy IIECTUYTOJIBHON (POPMBI, TOKPHITYIO
c1a00 HATAHYTOU MIETKOBON TKAHBIO.

Yeptéx XIV.

|

(5]
Ha Bany, BOIM3u MecTa, I/1e Haca)KeHbl KPeCTOBHUHBI, TOMEIIEHO
npocroe npucrocobnenre N (pur. XII, X1, XIV u XV),
Onarogaps KOTOpOMY, IPU HUYTOKHOM TPEHUH, ITU JOMIACTH
MOMEPEMEHHO TOBOPAYMBAIOTCS OKOJIO CBOEH OCH U, B U3BECTHBIN

MOMEHT, yIapsIoT 110 BO3AYyXY IUIAlIMs, a 3aTEM, OCTAJIBHYIO 4acTh
Kpyra pexyT BO3/yX, [IOBEPHYBIIUCH peOpoOM.

Yepréx XV.
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I[To o6enm cropoHam cuaeHbs HaxozsTcs pydku (P), moBopoTom
KOTOPBIX JIONACTH MOTYT YAApATH IO BO3yXY B Pa3JINYHbIX
IUIOCKOCTSIX U Pa3BUBATh JABIKYILYIO CHITY BBEPX, BHU3, BIIEPE
WIM Ha3agl.
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Umcno oTAenbHBIX YIApOB JIONAcTel Mo BO3IyXy Ipu OBICTPOi
paboTe MOXKET T0XOIUTh 710 16 yaapoB B 1 cekyHy.

IIporokoJ onbiTOB B 1899 roay.

Onvimut 10 Cenmsabps. Tuxoe yrpo. bamnon — «[Iunmsctpem»
npouutoroauuii. AsponaBt-mexanuk [1. Kocskos. [locne nepspix
MPUBS3HBIX MOIBEMOB, ciesiaHo 0Koiio 10 cBOOOAHBIX MOABEMOB Ha
pa3Hy1o BbICOTY. [loaBbEM pOBHBIN U TUIaBHBII. ASPOHABT HE CyMeEl
CIIPaBUTHCS C a3POILIAHOM U JIaBUPOBKOM. [Ipu oqHOM M3 ciiyckoB
HOMOPTUIIOCH OJHO KPBLJIO, TOJIKHYBIIKCH O KpbIily capasi. [1on€rbr
dboTorpadupoBaHbI.

Onvimur 22 Cenmsaops. bamion ot xxe. Bonopos csexxuii. Cnenan
psin moabEMOB cBOOOIHBIX. [1o mpuKkasy, adpoHaBT
YpaBHOBCHUINBAJICA HCIIOABUKHO B BO31YX€C U JICTKO
HIOBOpPAYMBAJICS. Y CTAHOBUB JKAJFO3U adpPOILIaHa IO/ YIIIoM,
a3pOHABT CITYCKAJICS O HAKJIOHHOH MJIOCKOCTH.

Bo n36exaHue yaapoB anmapara 0 3eMITI0 [IPH CITyCKe, a9POHABT,
6narozaps ocodbomy npucnocodienuo (R) (Yeptéx Xl), npu
TPUOJIMKEHAH K 3€MJIe, CTAHOBHJICS HA HOTH ¥ TEM TIPHHHMAIT
HIEPBBIA TOIYOK O 3eMITIO Ha ceOsl.

Onvimer 23 Cenmabpa. Bonopon 1ot xe. [lorona Berpenast.
Crienano HECKOJIBKO CBOOOIHBIX MOIBEMOB. TeueHneM Bo3Tyxa
anmapat oTHocuJi0. Tak kak nmoasEMsl ObLTH HeBbICOKHUE (110 40
cakeHel), To a3poHaBT KocsakoB He cTapascs 1aBupoBathb. [1051€ThI
¢dororpadupoBaHblI.

Onvimol 5 Oxmsaops. Bonopon cBexuid. YTpo tuxoe. [Tonérs
dororpadupoBansl. CBoO0AHBIE TOABEMBI 10 100 caxenb. Pabora
Ha BEJIOCUIIEHBIN MTPUBOJ HETPYAHAS. ADPOHABT HECKOJIBKO pa3 B
BO3/yX€ MIOBOPAYUBAJICS KPYT'OM, UTO YAABAJIOCh OYEHB JIETKO.

Y cTaHOBUB JKal03U a3pOIUIaHa MOJT YIJIOM, a3POHABT HECKOJIBKO
pa3 CIyCKaJICs TIOJ] YIJIOM K 3€MJIE Ha HECKOJIBKO JIECTKOB Ca’KE€Hb
B CTOPOHY OT M€eCTa IoAbEMA.
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Onvimwt 6 Oxmsaops. Bonopox TOT e. baioH moAmnoHeH .
KoHcTpyKiuio 1BUrareaIbHoro MexaHmu3Ma HeMHOTO U3MEHUIIH U
paboTayii HOBBIM MEXaHU3MOM. PerieHo ObII0 OIHATHCS MOBBIIIIE,
HO OTPaHUYIIMCH BBICOTOM 10 150 caxkeHel, Tak KaKk HaBepXy
0Ka3aJI0Ch CUJIbHOE BO3/YIIHOE TEUEHUE.

Onvimul 7 Oxmsaops. Tuxoe macmypHoe yrpo. Bomopos Tot xe.
[TpousBeneH psi cBOOOAHBIX MOABEMOB U MOCTYIATENBHO-
MaJaroluX CIycKoB. Mimes B BUly 3TUM IHEM 3aKOHUYUTH OIBITHI,
OBLJIO peLIeHO c/eNaTh NoCaeAHUN MoABEM BbIcOKUM. Ho BTopomsix
a’POHABT HEYAAuHO cOaIIaHCUPOBAJl CHAPS U MOCIETHUH,
3HAUUTENbHO OOJIETYEHHBIN U CTaB JIET4Ye BO3/1yXa, Hayall IJIaBHO U
MEJUIEHHO MMOJHUMAThCSA BBEPX. ASPOHABT CO CBOEH CTOPOHBI, HE
3Hast 3TOr0, YCKOPSJI 3TOT NOAbEM, padoTasi Ha ABUTATEIbHBIN
Mexanu3M. Ha BeicoTe okoio 150 caxkenel, nemnp BAPYr COCKOYMIIA
C IIECTEPHU, U ABUTATEIILHBIA MEXaHU3M YXKe HE MOT paboTaTh HU
Ha NOABEM, HU Ha CIyCK. JIMIIEHHBIN JBUTATEIbHOU CUIIBI U
TSOKECTU U TIPEBPATUBIIUCH, TAKUM 00pa30M, B OOBIKHOBEHHBIH
BO3AYIIHBIN IIAp, TOAOTPEBAEMBIN JIy4aMHU COJIHIIA, arnapar
IIOJIHSUICS 10 BBICOTHI OJTHOM — IOJIYTOpa BEPCTHI U CTaJ
OTHOCHUTBHCS BO3yIIHBIM TeueHneM. K coxxanenuto, anmnapar He
MMeJ CIENUaIbHOIO KJanaHa I BBIITYCKA YaCTH BOAOPOJA, KaK
ATO MPAKTUKYETCSA B BO3AYIIHOM 11ape. Bo Bpems 3Toro nepenéra,
a’pOHABT YCIIEJ MTOMPABUTH LIETh M HA4YaJl THATh almapar BHU3,
paboTas Ha ciycK. YBHJIA 110/ cO00I0 Jiec, a3pOHABT, MTOCPEACTBOM
a’pOIIIaHa, IEpeIeTeN ero U OIYCTHIICS B II0JIE, HEBJIAJIEKE OT Jieca.

OTH ONBITHL, HE OOMJIbHBIE KOJIMYECTBOM, OBUIN JIJIs1 MEHS LIEHHBI 110
kauecTBy. OHU ajy MHE OOUJIBHBIM MaTepuai IJs U3y4eHus
KauecTBa JIBUTaTeIbHOTO MEXAaHN3Ma, adPOIUIAHA U /ISl OLIEHKH
BEPTHUKAJIBHO MIOCTAaBJICHHOIO OaylyioHa. S| yOex1€H, 4ToO HUKaKue
TEOpEeTUYECKHE COOOPaKEHUs U PacUEThI, HU JJaXKe Urpa
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BOOOpakeHUs1, HE MOTJIM ObI MHE J1aTh T€X IParoleHHBIX
TEXHUYECKUX YKa3aHUi, Kakue aana 0eCXUTPOCTHAs PaKTHKA B
JIMLIE 3TUX MPOCTHIX U, €CIIU XOTUTE, «HAUBHBIX)» OIBITOB. TOJIBKO
IPaKTHKa MOIJIa MHE CKa3aTh, YTO Aajblle Ae]aTh U Kyaa uatu. Ho
00 ATOM 51 CUUTAIO MIPEKIEBPEMEHHBIM PaCIPOCTPAHATHCS 3/1ECh.

EMxkocTh 0a1710HA.

51 HaxoKy HEOECIONIE3HbIM BKpATIIE JaTh 3/1€Ch HECKOJIBKO
TEXHUYECKUX YKa3aHUI MO MOBOAY HEKOTOPBIX ACTaJCH
JIETaTeJIbHOTO CHApsaa.

OueHb TPYIHO  JaXKe HEBO3MOXKHO, & Priori, paccuuTaTh TOUHO,
KaKoOBa JIOJDKHA OBITh EMKOCTH OaJUIOHA IPU YCTPOHUCTBE CHAPSIA.
J71st 3TOTO HY)KHO, IPEABAPUTEIHHO, PACCUUTATH BEC
JIBUTATEIILHOTO MEXaHU3Ma, Pa3BUBACMYIO UM MOABEMHYIO CHITY,
BEC a3POHABTA U T. 1., U T. JI., — 10 ThICAYEH pa3HbIX MeJIoUeit
BKITIOYHMTENBHO, U 3aTEM yXKe, COOOpa3HO MOTyYSCHHBIM
BBIUKCJICHUSIM, 3aKa3bIBaTh O0aioH. [1yTh 3TOT, MOXKET OBITH U
Hay4eH, HO HETIPaKTHUEH, U s 9Ty 3aJady peniaj BeChbMa MpocTo.
3aka3bIBasics OAIJIOH TaKOM EMKOCTH, YTOOBI €ro MOAbEMHAS CUJla B
M30BITKE TIOKPBIBAJIA BEC a9POHABTA U TPEATIONAaraeMblid BEC BCETO
MEXaHHU3Ma, C TEM Pacu€ToM, YTO ropa3o MPaKTUIHEE UMETH 3amac
NOIBEMHOM CHITBI OaJlIIOHA, XOTS OBI ISl 3TOTO MPHIILIOCH
YBEJIMYUTH €r0 pa3Mephl, YeM €CJIH STOU CUJIbl He Oy/eT XxBaTaTh. B
NIEPBOM CITy4ae, 3TOT 3aIac MOABEMHON CHIIBI BCETAa MOKHO
ypaBHOBECUTH OamiacTom, HO Oefa, eciu MOAbEMHOMN CHITBI
OaJioHa He XBaTHUT — €€ HEOTKYy/1a B35Th, a Torna [mpuaércsi|
HKOHOMHTH Ha Bece TpyOok, 6aMOyKOB U MPOYETO — 3TO TOJIBKO
JIUTITHUE XJIOTIOTHI M OE€CTIOKONCTBO.

Mexay Tem, 3anac 6ayuiacta, ypaBHOBEUIIHBAIOIUN H30BITOK
HOABEMHOM CHITBI OAJTIOHA, OYEHB TTOJIE3€H IS TIOCTOSTHHOTO |
€XKEJHEBHOTO YPETryJIMPOBAaHUS MOAbEMHON CHITBI OAJUIOHA,
MOCTETNEeHHO ociadeBaroleil BeneacTsue nuddy3nn Bogopoaa
yepe3 TKaHb OayuioHa. ITOT 6ayuiacT JaéT BO3MOXKHOCTH JIepKaTh
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anmapar KaJayl0 MUHYTY TOTOBBIM K MOJIETaM B MPOI0JHKCHUU
HECKOJIBKUX JHEH 0e3 MOIMOIHEHUS 0aJIOHA CBEKUM BOJOPOIOM.
BriocneictBrm, KOT/1a TEXHUKA PUTOTOBJICHUS TKAHU JIJIS
0aJJIOHOB YCOBEPIICHCTBYETCS U MOCJICIHSS OyIeT HEeIPOHHUIIaeMa
tst tuddy3un BoIopoa, Toraa He OyIeT HyX/Ibl B H30BITOUHOM
éMKOCTH 0ajIoHa.

CoanancupoBka [6a1aHcupoBKa] cHapsja.

[lepen HavanoMm monéra, BeCh CHApSA C CHISAIIMM B HEM
a’pPOHABTOM COAIAHCHPOBBIBACTCSI [OalaHCUPYETCs] TAKUM
00pa3oMm, 4yToObI OABEMHAS CHUJIa OAJUIOHA YPAaBHOBEIINBAJIA BCIO
TSDKECTh CHapsizia BMecTe ¢ adpoHaBToM. [locnennuii, mocie storo,
cBOel paboTOI Ha IBUTAaTEIbHbBIN MEXaHU3M HAaYMHAET MOIHUMATD
C 3eMJIM Tpy3-KaHart (raiiapon). Tak kak raiiipon — CHEIHOM,
COCTOSIIIII/Iﬁ N3 OTACIIBHBIX KYCKOB, TO KYCKHU, OCTaBIIUECCA HC-
HOJHATBIMH C 3€MJIU, OTLETIISIFOTCS.

TakuMm oOpa3om, BeC IOHATOMN € 3eMJITU YaCTH Talpona CIIy>KUT
MPOCTEUIIINM MPAKTUYECKUM YKAa3aTeJIeM NOAbEMHOMN CHJITbI
JIBUTATEJIbHOTO MEXAHU3Ma, a TAKKE YKA3aTeJIEM CTEIICHU
OTSDKEJICHUS CHApsa M0 OTHOIIEHUIO K BO3AYXY.

IMoaném.

[Toabém cHapsiaa B BO3AyX OOBIKHOBEHHO COBEPILACTCS IIABHO.
OTa II1aBHOCTh NOIbEMA Ha0III01aIach U B MIPOIIIOM TOAY HpHU
paboTe KpbUIbSIMHU, KOTOpBIE IEHCTBOBAIM MONIEpeMEHHO. B
MIOCJIETHEM CITyJae armapar, TOJTYYHUBIIH B IEPBBI MOMEHT TOTYOK
OT yJapa KpbUIbEB IO BO3AYXY, B CIEIYIOLINI MOMEHT yXKe
MIOTHIMAJICSI TT0 HHEPIINH.

IToBopoThI.

IToBOpOTHI CHapsiAa BOKPYT IPOAOIBLHOW OCH ITPH BEPTUKAIBHO
IIOCTaBJIIEHHOM OaJUIOHE yJar0TCs OUYEHb JIETKO; MEKIY TEM KaK B
IPOILJIOM TO/ly, IPU TOPU30HTAIBHO PACHOI0KEHHOM OallIoHe,
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TpeOOBAIOCH HEMAJIOE YUCIIO YAAPOB KPbUIbSIMU, IIPEK]IC YEM
CHapsJl HAaYHET TOBOPAUMBATHCA.

Cnyck Ha 3eMJII0.

Cryck cHapsiia OOBIKHOBEHHO COBEPIIIAETCS ¢ yCKOpeHHeM. Bo
n30eKaHKe yaapa armapara o 3eMITI0, C/IEJIAHO OKOJIO CHCHBS
npucnocobienue (R), 61arogapst KOTOPOMyY a3pOHABT, B
HOCJICTHUI MOMEHT CITyCKa, TIPUKAcaeTCs K 3eMIIE TIPEXKIIE BCETO
HOTaMU ¥ NIPUHUMAET MEPBBINA TOMYOK, TaK CKa3aTh, Ha ceOs. Horu
a’pPOHABTA, B ATOM CJIy4ae, UrParoT pojib peccop. B ciemyrommuii
MOMCHT a3pOHAaBT BBUHYHMBACT B 3€MJIIO CIICHUAJIBHO
HPUCIIOCOOJIEHHBINM OypaB U 3aTeM MOKET CBOOOIHO BBINTH W3
armapara.

3amacHO# KJaamnaH.

JBa ciydas HenmpaBUIIbHOM OalaHCUPOBKH JICTATEILHOTO CHAps/Ia,
MMEBIINE MECTO P Hawux onblitax 8 OkTsa0ps 1897 rona u 7
OxTs6ps 1899 rona, BcieacTBHE YEro anmapar CTAaHOBHIICS JIerye
BO3/yXa M a9POHABT JIeJIaJICsl OECCUIIBHBIM B BO3/1yX€ — ATH JBa
cilydasi 3aCTaBISIOT UMETh 3allaCHOM KJlanaH B HY)KHEH MOJIOBUHE
0ayuIoHa 11 BBIITyCKA YacTHU T'a3a U JUIs CITyCKa Ha 3€MJIIO, B
peaynpex1eHue MOTYIUX ObITh CIIy4aiiHOCTEH.

JABUrareibHbIA MEXaHU3M.

Ciyuaii ¢ LIenblo, COCKOUMBILEN C IECTEPHU BO BpeMs IOJIETa,
YKa3bIBa€T Ha BO3MOXHOCTh MOJIOOHBIX aBapHil U B OyyIeM ¢
JIBUTATENIbHBIMU MEXaHU3MaMHu BOOOIIE. XOTs B KOHCTPYKTHBHOM
OTHOIIIEHUH IBUTaTEILHBIA MexaHn3M tuiia 1899 roga Ol
CPaBHUTENBHO MPOCT, HO, TEM HE MEHEe, M0 MoeMy yOeXIeHHI0, OH
BCE-TaKHM €IIE CIO0KEH JUIsl BO3AYIIHBIX MONETOB. [Ipn mopue
BEJIOCHIIE/IA, BEJIOCUIIEIUCT BCETJa MOXKET 0€30IacHO COCKOYHTh
Ha 3eMJIIO M UCIIPAaBUTh MEXAHU3M; HO Ha BO3yX€E 3TO CAENATh
ropaszio TpyAHee U BCIeICTBUE HEY100CTBA U BCIIEJCTBHE
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OIMaCHOCTHU BBIITYCTUTH U3 PYK KaKyIO-JII/I6O 4aCTb MEXaHHUu3Ma U
IOTEPATH U3BECTHYIO TAXKECCTD.

Bort nouemy s cuntaro HeOOXOAUMBIM, YTOOBI IBUTATEIHHBIH
MEXaHU3M JIJI1 BO3YIIHBIX MYTEIIECTBUN OTIMYAIICS KPaiHel
NMPOCTOTOI, HE 3aKiTI0Uas B cebe, HACKOJIbKO BO3MOXKHO, HH LETIEH,
HU KOJIEC, HU KaKUX-TMOO0 APYTrUX JBUKYIINXCA MEIKUX YacTei.
ITy NpPOCTOTY BNOCJEACTBUHU MOTPedyeT camMa *KU3Hb, TaK
nydie e€ Ternepb NpeayCMOTPETb.

B BUAY CKa3aHHOI'O0, MHOIO ITPEATIOJIIOKCHO ITOABEPIrHYTH KOpCHHOﬁ
HGpGCTpOf/’IKC I[BI/IFaTeJH)HI)If/'I MCXAaHU3M B ICIAX JOCTHXKCHUA
BO3MOKHOM IIPOCTOTHI €I'0.

IIpuBsA3HON JeTaTeJbHbII CHAPS.

B cuity 0coOeHHBIX ClieUabHBIX YCIOBHM, B BOCHHOM U MOPCKOM
nene moTpedyeTcs B IUPOKUX pa3Mepax MpUMeHeHue
JIeTaTeJIBHOTO CHApsIJia B BUJIC MPHUBSI3HBIX MOABEMOB, Kak ballon-
captif. Eciiu mpuBsI3aTh AaHHbIH JeTaTeIbHbINA CHAPS/ 38 HIKHIOHO
€ro 4acTh, KaK MPUBSI3BIBAIOT OOBIKHOBEHHBIN BO3YIIHBIN I1ap, TO
ATOT CHOCO0 MPEACTaBUT TPOMATHBIEC TPAKTUUECKIE HEYA00CTBA:
0OOKOBasi MOBEPXHOCTh BEPTUKAIBHO CTOSIIETO OAJIJIOHA HACTOIBKO
BEJIMKA, YTO & Priori, MOXKHO YTBEPKIaTh, YTO PaCKAYNBAHHE €TO
MOJ1 BIMSTHUEM JIaKe c1aboro BeTpa, Oy/1eT OUeHb 3HAYUTENBHO.

Ho coBepiieHHO MHast KapTUHA TMOJIYYUTCS, €CIIU JIeTaTeTbHbIN
cHapsij OyZeT MpUBsI3aH 3a BEPXHIOO YacTh Oaisiona (dur. 16). B
ATOM cilydae, anmapar TakXe JOJDKEH IMOJHUMAThCs OOBIYHBIM
myTéM, TO €CTh PabOTO IBUTATENs (AdDPOHABTA); HO B BO3/IyXE
anmapar npeJacTaBUT CO00K0 OOBIKHOBEHHBIN BO3YIIHbIN 3MeH, B
KOTOPOM IepeiHssi 00KOBasi IOBEPXHOCTh OayuioHa OyieT urpaTh
POJIb adpOIIaHa, HECKOJIbKO HAKJIOHEHHOTO K BCTPEYHOMY BETPY.

Yeptéx XVI.
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TspKecTb B HECKOJIBKO ITY/10B, ITOJIBELICHHAs K HUYKHEH 4acTu 3TOro
a’poIuiaHa (TSDKECTh a3pOHABTA), TApaHTUPYET YCTOMYMBOCTh
CHaps/ia B BO3/yXe.

Jist Toro ke, 4ToOBl 0CcHa0UTh IaBIEHUE BO3/lyXa Ha IIEPEIHION0
OOKOBYIO TOBEPXHOCTh OaJIJIOHA, I0CTATOYHO OYAET YKPENUTh
nepes 6auIoHOM (M Ha HEKOTOPOM PacCTOSIHUM BIIEPEH), PO
napyca, KOTOpPBIi IPUMET JJaBJIEHUE BCTPEYHOTO BETpa Ha ceosl.

[TpumeHeHne noJO0OHOTO criocoba /i NOTYYEeHUs! TPUBSA3HBIX
noIbEMOB el TpeOyeT ONbITHON IPOBEPKHU, XOTs B [ epmManun
OTIBITHI C NOJOOHBIMU NMPHUBSI3HBIMU YAJTUHEHHBIMU OAJUIOHAMH yXKe
JTaJIU YJOBJIIETBOPUTEIIBHBIE PE3YJIbTATHI.

Hy>xHa 1 6yneT npu BblllIeCKa3aHHBIX MPUBSA3HBIX MOABEMAX
napoBast J1e0&1Ka UK HeT, U IIPU KaKOW CUIe BCTPEYHOT'O BETPa
OHa Jies1aeTcsi He0OXOAMMOMN — BCE ATH U IPYTHe MOT00HbIE
JieTajJbHbIC TEXHUYECKHE BOPOCHI pa3periarcs OyaymumMu
OIIbITaMHU.
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I'JIABA V.

Annapar 1Jist 100bIBaHUs BOJAOPO/1a M BLIPA0OOTKH KeJIe3HOT 0
Kynopoca.

MeHs Bcerna yIuBIIsiio, 4YTO J0ObIBAHUE BOAOPO/Ia CUUTAIOT
noporum mpousBoactsom. [lake Aero-club B ITapmke nHaznauma
MIPEMUIO TOMY, KTO YAELUIEBUT CTOUMOCTh BOJIopoJa. B B
npomwioM (1898) roay, B MoéM mokiaze s yKa3pIBall, 9TO
noOBIBaHUE BOJIOPO/Ia HUYEr0 He CTOUT; TO e ObLIO CKa3aHo U B
moeit Tabmuiie (Ti1. VIII). Ha mepBplii B3TIIs1, 9TO KaXKETCS KaKUM-
TO MapaJ0KCOM; TEIEePh kKeg s MPUBEAY 3/€Ch MPABHIbHBIH
pacuer.

Cawmprit 1emeEBsIif crmoco0 JOOBIBAHMS BOJOPOIA — 3TO CTAPBIN
croco0: IeHCTBHEM Pa3KMKECHHON CEPHON KHCIIOTHI HA YKEJIC3HbBIE
CTpYXKHU. [ TaBHBIMU TPOYKTAMU 3TOT'O B3aUMOJICUCTBUSA

SIBIISTIOTCS YUCTHIN BoZopo (H2) u sxene3Hblit Kymmopoc
(SO4_Fe2).

XVUMHUYECKHE 3aBOIBI, T1I€ JOOBIBACTCS KEIEC3HBINA KYITOPOC B
OOJIBIIINX KOJIMYECTBAX, CMOTPAT Ha BOJIOPO/I, KaK Ha 0TOPOC;
A’POHABTHI KE CMOTPSIT HA KEJIE3HBIA KyNopoc, Kak Ha OTOpOC.
He npuGeras k cyay CoioMoHa, mpocTas JOTHKa MOJICKaXKET, 4To,
B [IEPBOM CJIy4ae, Hy’)KHO KaKJIOMy M3 HUX OTJATh TO, YTO EMY
LIEHHO: a3POHABTY OTAAaTh BOJOPO/I, & XUMHUUYECKOMY 3aBOY —
JKEJEe3HBIA Kynopoc. XUMHUYECKUN 3aBOJI, TAKUM 00pa3oM,
OIUIATUT a3POHABTAM BCIO CTOMMOCTb, 3aTPAYEHHYIO Ha
JI0OBIBaHKE BOJIOPO/IA.

Tot daxT, 4To 5 y’Xe Tpu roga Beay HoJ00HBIM 00pa3om
XO3SHCTBO M OKYIIAl0 CBOM PACXOJIbI HA BOJIOPO/I, MOCTYKUT
JY4ILIMM JI0Ka3aTeIbCTBOM CIPABEIIIMBOCTH IPUBEICHHOTO
COOOpaKeHUsI.
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B camomM nene, pacd€Tr oueHb MpocCT:

TeopeTtnuecku

1 myn cepHOM KUCIOTBI, CTOALIUN 85 KOII.

u 23 ¢ynra xxene3HsIx cTpyxkek, crosat 30 ko (Mroro 1p. 15 k.)

naroT 2 myna 23 ¢yHTa Kele3HOro Kyrnopoca,
crosiiero (mo 70 kor. 3a mya) — 1p. 90 k.

Wraxk, nmpu pacxoze Ha CTOUMOCTh MaTepuaia B 1 py0. 15 xom.,
nonydaercs 1 py6. 90 koI BaJIOBOro 10X0/a OT MPOaXH Kyrnopoca.
OTcro/1a MOHSATHO, YTO XUMUYECKHE 3aBOJIBI IIPH ATOM BBIPA0OTKE
YMEIOT el OIJIaTUTh CTOMMOCTh Pa0OUnX PYK, TOIUIHBA U
MOJIYYUTh AK€ U3BECTHBIN % MPUOBLIH.

HeBo3moxHO mipeAcTaBUTh cede Ipyroro crnocoda mpou3BOICTBA
BOJIOPOJIa, KOTOPBIii, MOKPBIBAsE BCE PACXO/bI Ha ce0sl, MOT OBl
JlaBaTh €1€ U HEOOJIbIION OCTATOK MPUOBLIH.

[Tomy4yaemblii sxene3HBINA KYITOPOC HAXOAUT ce0e OOUTUPHBIN COBIT
Ha HIEPCTAHBIX MOMKaX, KPACHJIBHBIX 3aBOJIaX U B CAHUTAPHOM JIEJIE.

Anmapar jy1st 100bIBaHUS BOJIOPOJIa, KOTOPHIN y HAaC O€3yIpedyHo
(GYHKLIMOHUPYET YK€ JBa rojia U ¢ KaKIbIM r0JIoM
COBEPILECHCTBYETCS, YCTPOEH 110 TUTAHAM M YepTeKaM XHUMHKa
Xapbkosckoro Texnonoruyeckoro Mucruryra B. I1. IMamkosa.

AmnmapaT COCTOMT U3 JBYX JIEPEBIHHBIX OCBUHIIOBAaHHBIX 0aKkoB (110
200 — 250 Bénep xaxapiil) AA, IIOCTaBICHHBIX Ha BHIIKE. M3
OTBEPCTHUH, MPOJIEIAaHHBIX B JHE KaXJI0T0 U3 OaKOB, BBITEKAET
pa3KKEHHAs cepHas KUCIIOTa M TIOCTYNAET B OOJIBIION JKeJIe3HBIN

! He mory He BOCIOJIB30BaThCS CIIy4aeM IIPUHECTH 371ECH MOKO TIIYOOKYHO
uckpenHioro Onaroxaprocts B. I1. [Tamkosy, A. I1. Komapoy, B. O. [Tunenkomy
U MHOTUM JIPYTUM JIML[AM U3 PENoaBaTeIbCKOro ITaTa XapbKOBCKOIO
TexHonoruyeckoro MIHCTUTYTa, 3TOT0 BBICOKO-MHTEIIMTEHTHOTO IEHTPa

r. XapbKoBa, 3a TO COUYBCTBUE U Y4aCTHE U CIOBOM U JIE€IOM, KOTOPBIE S BCEraa
BCTpeyall CpeiM HUX IIPHU MOMX paboTax.
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urHAp-reHepartop (B) taxke 0010xeHHBIN CBUHIIOM. BriTekanue
kuciotel M3 6akoB perynupyercst ocodeHHbiMu 3anuparersimu (C),
OCTPOYMHO IIpUAYMaHHBIMU MeXaHUKOM KodeprunsiM. ['eneparop
HAIIOJIHEH JKEJIE3HBIMU CTPYKKaMH, Ha KOTOpBIE JIBETCS KUCIIOTa
cBepxy AoxaEM. O6pa3yromuiicss BOJOPO IEPEXOIUT, 3aTEM, B
CJIEYIOIINNA MEHBIINM, TAK)KE KEIE3HbIN, IUIMHAP-IIPOMBIBATEIIb
(D), HamoTHEHHBIH KOKCOM. 371eCh ra3, BCTYyIasi CHU3Y B LIHIMHJD,
MIPOXOUT PAHBIIIE CION BOJIBI, IOCTOSIHHO OOHOBIISIEMBIIA,
npoOupaercs 3aTeM MEX/y KOKCOM BBEPX M Ha IIyTH CBOEM
0OMBIBaeTCsI JOXKIEM BOJIBI, MAIAIONIMM CBEpXY uepes jehky (E),
YKPEIUIEHHYIO [10J] BEpXHEH KPBIIKONW HUIMHIPA. 31€Ch T'a3 OTAAET
CBOIO BOJY M OXJIAKJAETCH.

Yepréx XVII.

[Mpoiins, Takum ke oOpazom, enié yepes asa wmHapa (F u G),
HATIOJTHEHHBIX HETAIIEHON M3BECThIO, BOJIOPO]] OXJIAXKIEHHBIH,
BBICYIIICHHBIN M OYHIIEHHBIN BCTYMAeT B OAJIJIOH.

B reneparope, 0lHOBpPEMEHHO ¢ BBIIECIEHUEM BOJIOPOA, 0OpasyeTcs
JKEJIe3HBIN Kylopoc, KOTOPBIN NEPEXOIUT B pacTBOP. DTOT PacTBOp,
MMEHHO €r0 HIDKHUH cJI0H, Kak HanboJsiee HaChIIEHHBIN, BHITEKAeT
4yepe3 0TBEPCTHE, MPOAEIaHHOE B CAMOM HU3Y LIWIMHIPA-
reHeparopa, oJAHUMAaeTcs, 3aTeM, 110 BEpTUKAIBHOU Tpyoe,
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obpasyrolieii ¢ reHepaTopoM coobimarorimecs cocyasl (K) u
BBUIMBAETCS B OJIM3-CTOSIIIIMI CBUHIIOBBIN SIIIMK, BPBITHIN B 3€MJTIO.
31ech, B IPOAOIKEHUH CYTOK, ocaxaaercs rpsas3b. Ha npyroil ness,
pacTBOp mepenyckaercs cuoHOM B IPYyroi OOIBINON CBUHIIOBBII
AIKK-pe3epByap. OTCI0a pacTBOP HACOCOM IEPEKAYNBAECTCS B
BBITIAPUTENIbHBIN YaH, TAKKE OCBUHIIOBAHHBIN BHYTPH, T1I€ OH
CrymaeTcst Bolmapkoit 1o 42—44 rpaaycoB 1o rpaaycHuky boms.
CryméHHslii, TaKUM 00pa30M, pacTBOp MOCTYNAET B CBUHIIOBBIE
CKOBOPO/Ibl, [I€ OH KPUCTAJIM3YETCS. DTUM 3aKaHUMBAETCS BCE
MIPOU3BOJICTBO, KOTOPOE HACTOIBKO MPOCTO, YTO UM 3aHUMAJIUCH
MIPEBOCXO/IHO JIBa YEJIOBEKA, B3AThIE MPSAMO U3 IEPEBHU.

OnBITH MPOU3BOAUIUCH HA OTKPBITOM I10JIe OJIN3 cTaHIUU «Poranby»
XapbKoBCKO-BaanioBckoif sxene3Hoil J0poTH 2, Tae s yCTPOHIT
MaJICHbKYIO BO3/1yXOIUIaBaTEIbHYIO CTAHIIHUIO.

2 MHOro 3aTpy/IHEHHIl, HHOT/Ia HEIPEOI0IMMbIX, MHE IPULILIOCH BCTPETHTH NPU
YCTPOHCTBE BO3AYXOIUIABATEILHON CTAaHIIMK U TIPU OPTaHNU3AILMH OIBITOB U €CIIH
OBl HEe ITPOCBEIIEHHOE COAECHCTBHE JIHII, CITY)KAIIUX Ha XapbKoBCKO-banamosckon
XK. 1., MHE yTPO2Kajo, CPen ITUX 3aTPyAHEHUMH, TIOTEPIETh NOTHOE KPYLICHHE.
Bepy Ha cebs cMenocTh, MO3TOMY, OT JIMIA HAyKH, IIPUHECTH FOPIIYIO
GnarogapHOCTh yHpaBisitoleMy XapbKoBcKo-bananioBckoit x. 1.

A. 1. Knumunuxkomy u ciyxaium Ha Toil sxxe nopore C. A. Kapnunackomy,

A. A. llypunosy u H. I1. 'epceBanosy.
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I'JIABA VI.
IIpakTHyeckasi oleHKA JieTaTeJILHOro cHapsiaa tuna 1899 r.

Ornoxa UCTUHHO MPAKTUYECKOro JIETaHUs YeJIOBeKa eI

HEe 3apoxaanach. beITh MoxkeT, XX-i BEK, B 3TOM OTHOIICHHUH, OYICT
Henzmepumo cuacTimBee XIX-ro. CaMmble CKpOMHBIE JKeTaHUS
NPaKTUYECKOH JKM3HU Ha JIETAaHHE TaK M OCTAJIKCh J0 CHX MOp 0e3
ynosierBopeHus. [Ipaktuyeckas ku3Hb YAOBOJIbCTBOBAJIACH Obl HA
MIEPBBIX IMTOPAX XOTS OBl JOCTH)KEHUEM TPOCTHIX, TPAKTHIHBIX,
yIO0OHBIX, 0€30MaCHBIX U ACIIEBBIX MOABEMOB U OITyCKAHHIMA
JIeTaTeIbHOro CHapsiia 6e3 BblOpachiBaHus Oaiiacta u 6e3
BBIMYCKAHUA ra3a: HO U300peTaTeNu, yBIeYEHHbBIE pa3pelIeHUEM
POOJIEMBI JISTAHWSI IPOTHB BETPa, HMTHOPUPOBAIIH YIOBICTBOPECHUE
9THUX, JaK€ CKPOMHBIX, kenaHuil. Takum o06pazom, U 0 CUX T0D,
KpOME OOBIYHBIX BO3JIYIIHBIX IIAPOB — ITHX MPAUMHTHUBHBIX
JIeTaTeIbHBIX MAIllMH, HA PhIHKE HUYETO HET.

[ToHSTHO YTO KU3HB, JAIEKO HE H30aT0OBaHHAs O0HIIEM
NMPAKTHYECKUX JIETATEIIbHBIX CHAPSIOB, HE TPEACTABUT K HUM
0COOEHHO CTPOTUX TpeOOBaHUI Ha MEPBBIM pa3 U, BO BCAKOM ClIydae,
HE MOUJIET CIIEIOM 3a TEMU SHTY3HUACTaMU, KOTOPbIE, KPOME JIETaHUS
IIPOTUB BETPA, HUYETO HE XOTAT HU 3HATh, HU BUJIETh; OHA HE CKAXKET
BMECTC C HUMMU. NI naBaﬁTe JICTATCJIbHBIC MAallIMHBI, MOT'YIITHUE
JIeTaTh NPOTUB BCAKUX BETPOB, WJIM HUYETO HE J1aBalTe; HO,
HAIpoOTHUB, YIOBOJILCTBYCTCA TEM HCEMHOTHUM, YTO celigyac ecThb monq
PYKOH M YTO IPEACTABIISIET HECOMHEHHBIN 1Iar BIEPED U 3aJI0T
JlaTbHEMIIEro mporpecca.

B camom ACJIC, UTO CKa3aJin OBI OTH OHTY3UACThI IIPO TCX MOPAKOB,
KOTOPBIC HE XOTCIIN OBl ITOJIL30BAThCSA

KOpaOJIsIMHU TOJIBKO ITOTOMY, YTO B UX BOOOpPaKEHUH YK€ PHUCOBAIHCH
Oyayiue mapoxoabl?....
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[TpakTuyeckas xu3Hb, OyAy4H CIULIKOM AAEKOM OT TOro, 4ToObI
TpeOOBaTh, Ha IIEPBBIX MOPAX, OT JIETATEIbHBIX MAIIIMH CBONCTB U
KayeCTB MEXaHU3Ma JICTAHUS [ITULBL, B TO K€ BPEMsI HACTOATEIbHO
notpelyeT, YTOOBI BCSIKUI JIETaTeNbHbIN anmnapar, IpeTeH Iy
3aHATH MECTO Ha PBIHKE, YA OBJIETBOPSII CIECIYIOIIUM OCHOBHBIM
TpeOOBaHUAM:

1) mpocrorTe,

2) 0e30maCHOCTH

3) MOpPTATHBHOCTH,

4) yno0cTBY ynpaBJieHusl,

5) NpoaOIKUTEILHOM KU3HH,

6) nmemeBu3He.

OT yioBIETBOPEHUS ITUX TPEOOBAHUH 3aBUCHUT JlajibHEHIIICEe
CYIIIECTBOBAHHE BCSIKOTO MPEAJIaraeMoro JIeTaTelbHOTro cHapsaa. 5
yOEXIEH, YTO MTPAKTUUECKasl )KU3Hb, B OOJIBIIMHCTBE CITy4aesB,
MpeanouTeT naxke OaIIOHHBIN anmnapat, He MOTYIIH JIeTaTh MPOTUB
BETpa, HO 00JIaIa0MINi CKa3aHHBIMU KaueCTBAMH, — arlapaTy
0e30aJIOHHOMY, JIETAIOIIEMY TTPOTUB BCAKOTO BETPa, pa3 TOJIbKO
nocieAHU OyIeT UM OYeHb CJI0KEH WM He-0e301aceH, WM OYeHb
JOPOT, UIIK e MPOIOKUTENLHOCTD €ro KU3HU Oy/leT OrpaHrueHa
OJIHMM WJIM HECKOJIbKUMU YacaMH JIETaHHUS.

3aHuMasch pa3paboTKOM JeTaTeNT HOTO CHAPSAA, 5 CTapacs He
yIIYCKaTh U3 BUY TpeOOBaHUN PAKTHUUECKOM JKU3HHU, ICHO CO3HaBasl,
YTO OT YJOBJIETBOPEHUSI UJIK HEYIOBIETBOPEHUS UX 3aBUCUT
JanpHENIas cyb0a MOETO JIeTaTelIbHOTO CHapsiaa. M s mo3Bossiio
cebe qyMath, 4TO MpejiaraeMblii MHOIO JIETaTeIbHBIN CHApSI, OIuKe
BCEX JPYTHX, CTOUT Y ABEPEH NPAKTHUYECKOT0 Pa3peIIcHUs
pOOJIeMBI JIETAaHUS YeIOBeKa.

1) JletarenbHbIi cHaps, MHOIO MPOTIAraHUPYEMBIii, MPOCT U 110
uzee U no KoHcTpykuuu. HacToibko e mpocT A0J2KeH ObITh U
OyAyummii ABUraTe/Ib, YTOOBI BCE YACTH JAHHOIO JIETATEJIbHOIO0
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CHApP#A/JIa COCTABWIN ObI OTHO TAPMOHMYECKOE 1[€J10€ POCTOTHI U
JAOCTYNHOCTH JUISAA BeeX. B 3TOM HanpaBieHUH MHOIO yXKe
NPENPUHSTHI IIOATOTOBUTEIbHBIE paOOTHI.

2) B pyOpuke 00 ycroriunBoctu cHapsia (ri1.ll) unrarens Mmor
BUJIETh, HACKOJIBKO UMEIOTCS HAJIUIIO BCE IIaHChI 0€301ACHOCTH
JetaHusi. B camowMm Jierne, BO BpeMsl HallIMX OMBITOB OBLIO HECKOIBKO
CJIy4aeB IOJIOMOK OTJIEJbHBIX YaCTEH MEeXaHH3Ma B BO3AyXe: /1Ba
pa3a anmapat HeyJauHo OblI cOalaHCUPOBaH U, TEM HE MEHee, 3a BCE
KOJUYECTBO MOAbEMOB (0K0J10 200), XOTS ¥ HEBBICOKHX, HE OBLIO HU
OJIHOTO HECUACTHOI'O CITy4Yasi; anmapar pu CBOEM MaJeHUH BCer/ia
MoT OBITh 3aJIep)KUBAEM B BO3/1yXe MU KpbuUTbsiMu (1898), nnn
asporutanoM (1899) u cmyckarbcs MEJIEHHO U IIJIaBHO. JTa
0€30MacHOCTb 1103BOJISIA HAM, BO BPEMSI OJJTHOTO OIIBITA,
MPOU3BOUTH MOJETHI MPU CAMBIX Pa3HOOOPA3HBIX YCIOBHSIX.

3) [lopTaTHBHOCTH CHapsi/a, TJIABHBIM 00pa30M, 00YCIIOBIHBACTCSI
Maoro EMKocThIo O6amnona (150 — 170 xy6.meTpoB). biaronaps
aTOMY, TpeOyeTcsi CpPaBHUTEIHFHO HEOOIBIIOE TOMEIICHHE /IS
XpaHEHMs CHaps/a B 3apsDKEHHOM BUJIE (M KaXK1yH0 MUHYTY TOTOBBIM
K ITOJIETY) B IpOAODKeHUN 7 — 9 nHell. Anmapart TpeGyeT HEMHOTo
BpPEMEHHU JUIsl COOPKH €ro U pa30opKu, TpeOyeT Majoro KoJIM4ecTBa
BOJIOpOJIa ISl HaroJTHeHus1 6ayutoHa. Kpome Toro, oH jerko
NEPEHOCUM HECKOJIbKMMHU Y€JI0BEKaMH B 3apsKEHHOM U COOpaHHOM
BU/JIE U JUISI IEPEBO3KHU, Becs BCero 4 — 5 my10B, TpeOyeT OAHY
HOJBOJLY, TJIE MOTYT IOMECTUTHCS MATPOHBI CO CKATHIM BOAOPOAOM
Ha OJIMH 3apsIl.

[To Mepe yBenmnyeHUs MOIITHOCTH JIBUTATENS, 00BEM OAJIJIOH HAYHET
COOTBETCTBEHHO YMEHBIIIAThCS, KaK OBl aTpohUPOBATHCS; a 3TO, B
CBOIO 0Yepe/ib, €€ BO MHOTO pa3 YBEJIUYUT €r0 NOPTAaTUBHOCTHIO

4) Y06cTBO ynpaBJjaeHusl CHApSI0M 00YCIIOBIMBAETCS TPOCTOIO
KOHCTPYKIIUU €ro. MexaHu3M yIpaBJIeHUs CHAPSIIOM OYEHb
HECIIOKEH: B PYKaxX adpOHABTAa UMEETCS OJJHA PYUKa JUTS YIIPABICHUS
A’POTUIAHOM M JIBE PYYKH JJISl YIIPABICHUS JBUTATEIHLHBIM
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MEXaHU3MOM; 3TH MOCJIEIHUE IBE PYYKU OH CTAaBUT B U3BECTHOE
MOJIOKEHUE, CMOTPS MOTOMY, B KaKyl0 CTOPOHY OH XOUY€T HaIllpaBUTh
JIBUXKYIIYIO CUITYy — BBEPX, BHU3, BIIEPE]] WM, HAKOHEII, Ha3a]], YTOOBI
3a/iepKaTh MOCTYIMATEIbHO-TIAAA0NINN NOJNET. Anmapar 3TOT He
TpeOyeT, cam 1o cede, MPOAOHKUTEILHOTO HAaBbIKA JJISl YIIPaBJICHHUS
WU CIICaJIbHBIX 3HAHUH.

5) ITpoa0 KM TEIBHOCTD KU3HH OOBIKHOBEHHOTO BO3AYIIHOTO IIapa
OTPaHUYMUBACTCA OAHUM — IBYMs MIOABbEMAMU, KOTOPBIE YK€ ITUM
MCTOIIAIOT €r0 CHJIBI M TIOTJIOMIA0T ra3 u 0ayuiact. [IpuunnHa sToi
KPaTKOBPEMEHHOCTH JKU3HU BBITEKAET U3 CYILIHOCTU CaMOT'0
YCTPOMCTBA BO3AYIIHOTO apa. MHOI npornaraniupyeMbli
JIeTaTeJIbHBIN CHAPS MOXKET KUTh 10 7 — 9 AHEH; npuuém
KOJIMYECTBO MOJETOB MOXKET OBITh HEOIPAaHUUEHHO. B TedueHnue 3Toro
BpPEMEHH, ra3 ocTeneHHo AudGyHaupyeT yepe3 TKaHb OalljioHa u
amrmapar OTsDKEJIEBAEeT BCIIEICTBUE 00paTHOI B Hero nuddy3un
BO3/lyxa. B naHHOM amnmnapate, NpoAoIKUTEIbHOCTD JKU3HU €r0
3aBUCHUT HE OT CAMOM €ro KOHCTPYKIIUHU T10 CYIIECTBY, a OT
BPEMEHHBIX TEXHUYECKHX HECOBEPIICHCTB IPUTOTOBIICHUS TKAHU
OamnoHa. EcTh naHHbIe (BCIOMHUM yTepsiHHBIN cocTaB KyTens)
MpeAnoararh, YTo TEXHUKa U3rOTOBJIEHUS HEIPOHUIIAEMOM /17151 ra3a
TKaHU OaylJIoHa Oy/IeT COBEPIIICHCTBOBATHLCS JANIbIIE, U TOT/Ia
MPOJOHKUTENFHOCTD KHU3HU 0aJNIOHHOTO JIETaTeILHOTO CHapsia
MOKET OBITh JIOBEJICHA IO HECKOJIBKUX MECSIIEB, YTO OYCHB BAKHO
JUTSL yI00CTBa COBEpPILIEHHUS BO3YIITHOTO TIJIaBaHMs NadbHUX PECOB.

6) CTonMoCTh anmnapara siBJIsSIeTCs Ype3BbIUAHO BAXKHBIM
(bakTOpOM, ONPEIEIAIONINM Pa3MePhl €ro MPAKTUYECKOTO
MPUIOKEHUS B *KU3HU. Benocunenpl najgexo He UMeNH Obl TAKOTO
HIMPOKOT'0 PacCpOCTPAHEHUS, €CJIM ObI OHH CTOMJIM IO HECKOJIBKO
ThICSIY pyOJieit Kaxabli. TOUHO Tak k€ CTOMMOCTB JIETaTEIbHbBIX
CHapsI0B /10 HECKOJIBKHX THICSY pyOsiel yke 3HAaUUTEeITbHO
OTpaHUYUT 00J1aCTh MPUMEHEHHUS €ro B OyAHUYHOM KU3HHU.

Camyro IEHHYIO YacTh IAaHHOTO JIETATEIFHOTO CHAPS/Ia COCTABIISIET
IENKOBBIA 0aJUIOH. Bech OCTAIbHOM ABUTATEILHBIN MEXAHU3M CO
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BCEMH NMPUHAJICKHOCTSIMH MOKET CTOUTh 0KoJio 200 pyoiei,
OyIy4Hu M3rOTOBJICH KYCTapHBIM crtoco0oM. CTOMMOCTD ke OaioHa
kosneonercs mexxay 800 — 1000 pybnsmu. Eciu BMecTo ménkoBoro
0ayuIoHa JOBOJILCTBOBATHCS OAITIOHOM U3 XJIOMYATOOYMaXKHOU
TKaHM, KaK 9TO NMPAKTUKYETCs B TEPMAaHCKON apMHH, TO CTOUMOCTh
TaKOT0 JICTATEIbHOTO CHapsAIa MOXeT MmoHu3uThes 10 500 — 700 pyo.
[Tpu maccoBoM (paOpHUHO-3aBOICKOM CIIOCOOE M3TOTOBICHUS
JIeTaTeNIbHBIX CHAPSIIOB, [IEHA UX, HECOMHEHHO, TOHU3UTCS ellé
Ooree.
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I'JIABA VII.

IIpeanosiaraemMple NpakKTUH4YecKHe NPUMEHEHNS JIETATEJIbHOI0
cHapsiza Tuna 1899 r.

A. B BoeHHOM [eJ1€.

[Ipu3HaBasi CBOIO HEKOMIIETEHTHOCTD B BOIIPOCE O MIPUMEHEHUHN
a’pPOCTAIIMH TSI BOCHHBIX IICJICH, 5, TEM HE MEHee, TI03BOJII0 cede
BBICKa3aTh 00 ATOI CTOPOHE Jiejla HECKOIBKO OOITUX COOOpaKESHHUH,
JIOCTYITHBIX TTOHUMAHHIO JaK€ U HECIICIIUAIIMCTOB.

JleTaTennHbIC CHapAAbl B 3TOH o0J1acTu MOTYT OBITH IMPUMCHCHBLI:

1) s pa3BegoYHOM CITyKObI Ha OIM3KKE PACCTOSIHUS H TSI
pa3BeAoK B TIIyOMHY HEMPUSATEIbCKUX MO3UIIAMN.

2) ns 6ecripoBOIOYHOM Tenerpapuu MeKIy OTAEIbHBIMU YacTAMU
apMum.

3) JIns Tonorpadguueckux cbEMOK MECTHOCTEH € IIeNbI0 OBICTPOTO
¥ TOYHOTO 03HAKOMJICHHS C MECTHBIMU OOJIBIIIMMHU M MaJIBIMH
HYTSMHU COOOIEHUS, OOJIBIIMMHI U MAJIBIMU PENATCTBUAMU JJIS
NIepeABIDKEHISI YacTel U T.JI.; ISl ChEMKH JTHA PEK U OTHICKAHUS
Opona.

4) Jlnst BEpHOTO OTIPEEICHHUS] PACCTOSHUM MEXKTY BPaKIYIOITUMU
B IEJISIX PYKEHHOTO U apTUILIEPHIICKOTO 00sI: JIJIsl HAOMIOACHUS Ha
JNEHCTBUTENILHOCTHIO [3()(hEeKTHBHOCTHIO]| apTHILIIEPHIICKOTO OTHS U
YIpaBICHUS HM.

5) Kak o6cepBaniioHHBIN TyHKT BOCHHOHAYAJIbHUKA
[BoeHauyanmbHMKA] 10 CpaXKEHUS U BO BPEMs CPAXKCHUS; IS
OBICTPOTO ¥ TOYHOT'O 3HAHUS PE3YJIBTATOB MPEANPUHATON
oTiepaIuu: A IPOBEPKHU MPaBUILHOCTU BHITIOTHEHHUS
MPETPUHSTHIX YaCTSIMH JIBHYKESHUH | JUTsI 00JIee BEPHOTO
HATPaBIICHUS ITHX JBIKEHUH.
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6) Jlns ycTpaHeHus, yaiie BCero, COMHUTEIbHON CHCTEMBbI
IITMOHCTBA, WM, IO KPaHEN Mepe, ISl KOHTPOJIS HaL
CBEJICHUSMM LIIHOHOB U TEM, B OTPOMHOM CTENEHU, JJIs
YBEJIMYECHUS UX ITPABIUBOCTH U TOUHOCTH.

7) [nst orpaHuYeHUs TPAThl BONCK HA PEKOTHOCHUPOBOYHbIE
OTPSI/IbI, YaCTO OCTAOJISIOINE H3BECTHBIN PO OPYKUSI.

8) Kak ynobHeiiniee cpecTBO sk KOMaHIYIOMIETo B JII0O0H
MOMEHT TOYHO 3HaTh O JICHCTBUTEIHHOM PACIIONIOKCHUH U
COCTOSTHUH CBOMX TBUIBHBIX YacTei (pe3epBoB, 00030B, J1a3apETOB,
nyTel CoOOIIEeHus U T. 11.).

9) 151 OBICTPOTHI M TOYHOCTH THATHO32 HENPUSTEIHCKOr0
pacmoi0KeHus, ero CuJi, ero CpeacTB, YTo OyAeT UMeTh
eCTeCTBEHHBIM MOC/IeACTBHEM OBICTPOTY H 11€J1€C000Pa3ZHOCTh
HATHUCKA apMHH, BJIa/ielonieil BO3AyIHOI PeKOrHOCIMPOBKOIA.

O Ba)XHOCTH PEKOIHOCHUPOBKH HET HYXKIbl PACIIPOCTPAHSITHCS;
JIOCTAaTOYHO 3aMETUTh, YTO PEKOTHOCLIUPOBKA TOCTABISAET TOT
CBIPOM MaTepHaJl CBEICHUI O HENPUATENE, HA OCHOBAHUN KOTOPBIX
CTPOATCs, 3aTEM, IUIAHBI CPAKEHUM, U JaXKE BUIOU3IMEHAETCS
IIEPBOHAYAJILHO COCTABJICHHBIN IJIaH KamnaHuu. [Ipu coBpemeHHoM
ObICTpOTE MepeIBUKEHUN BOMCK, OJ1aroapst CeTH CTpaTern4eckux
JKEJIE3HBIX JI0POT, CBEIACHMS 3TU JOJKHBI ObITh TOOBITH OBICTPO U
MOJTHO. 3aJIepXKKa, HEMOJIHOTa, COMBUMBOCTh 3TUX CBEAECHUN MOXKET
MOBJIEYb 32 COOOM POKOBBIE MOCIEICTBUS JaKe AJis Bcel
KaMITaHUH.

o mocnenHero BpeMeHu, pEKOTHOCIUPOBOYHBIE OTPSIIBI U
NaTPyJIX yIOBICTBOPUTEIHHO BBITOJHSIN CBOU (DYHKITUH,
BBIJIBUTASICh, TI0JIOOHO IIyTalibIlaM, Ha HeJaNEKUE PACCTOSTHUS OT
CBOMX YacTel U TOTYac 0OpaTHO BTATUBAIKCH B CBOE TEIO, KaK
TOJIBKO TPHUOUKAIACH OMTACHOCTD.

Ho npu coBpemeHHbIX crioco0ax BeJIeHUs! BOMHBI, pOJIb KOPOTKUX
HIynajel y)xe Aajieko HelocTaToYHa: JalbHOOOMHOCTh
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COBpPEMEHHOI'O HOBOI'O OPYXKHUS 3HAUYUTCIIBPHO YBEIINYNJIIA
pacCTodHNUEC MCKY BOIOIOIMNUMU CTOPOHAMM. HOHHTHO, 410, IIpu

3TUX YCJIOBUSX, PEKOTHOCHMPOBOYHBIE OTPSIIbI 1OJIKHBI Oy 1yT
OTJAJISITHCS] HA 3HAYUTEIIBHBIE PACCTOSHUA OT CBOMX YacTeH B
CTOPOHY HETPUATEIIBCKUX MO3ULUHI; @ 3TO BBIITOJIHUMO TOJIBKO IIPU
YCIIOBHH, €CIIM PEKOTHOCHUPOBOYHBIE OTPSAAbI OYAYT JOCTATOUHO
CHJIbHBI, YTOOBI BBIZICP)KUBATH HATUCK HETPUATENS IPU
CIIy4alHbIX CTOJIKHOBEHUSX.

Ho neficTByst naxe OOJBITUMHU MaccaMy U OTIAISSCH Ha
3HAUUTEIIbHBIE PACCTOSHUA OT CBOMX YacTeH, peKOTHOCHUPOBOYHBIE
OTpsbl HE OYAYT B COCTOSIHMM OJIM3KO MOJAONUTHU K HEMPUATEIbCKUM
MO3UIUSAM B BUAY AaTbHOO0IHOCTH HOBOTO OPY>KHUS; IPUMEHEHHE
e 0e3/IbIMHOI0 TOpoXa KpaiiHe 3aTpyIHUT TOYHOE OINpesiesieHUue
MECTOHAXOXKEHUS HEMPUATENS, PaCIONIOKEHUE €ro MO3UILHHI, ero
YHUCJIEHHOCTD U T. [I., UJIU BCE 3TO OyJIET CBSA3aHO C MOoTepei
BPEMEHHU U JIIOJICH.

Bcé€ 310 roBopuT 3a TO, 4TO NPU COBPEMEHHBIX CIOCO0aX BEACHUS
BOITHBI — IpU 0€3/IbIMHOM NOpPOXE, 1aJTbHOOOMHOCTH U
CKOPOCTPETBLHOCTH HOBOT'O OPYXkHs, Ta (hopMa pa3BeJOUHOMN
CIIy’KOBbI, KOTOpask MPaKTUKOBAIACh JI0 CUX MOP, TPeOyeT KOPEHHON
MIEPECTPOUKH.

Yxe TO 00CTOATENBCTBO, YTO KaXkAbIH XOJIMUK-TIPUTOPOK,
BCTpCLIaIOHII/II\/JICSI Ha nyTH, SABJIACTCS HIECHHBIM HOI[CHOPBCM JJI
CITy’kOBI pa3BEIOYHOTO OTPSAA U YTUIUZUPYETCS UM C BOZMOKHOU
MTOJTHOTOM — 3TO OOCTOSITEIbCTBO YKA3bIBAET, UTO HAOIIOACHUE
CBEpPXY SIBIISIETCS UCATbHBIM CIIOCO00M pa3Benku. OUH YeloBeK,
HaOIIOAIONTNH Jake ¢ HeOOJIBIIION BBICOTHI a3POCTaTa, MOKET
ropasfio MoJiHee JOCTaBUTh CBEICHUS, YeM Ieasi cCucTeMa
pPa3BEIOYHBIX OTPAJIOB, JCUCTBYIOIIUX BHU3Y.

[IpaBna, HeOmaronpusaTHBIE aTMOC(HEPUUYECKHE YCIOBHS —
TYMaHHBIE JTHU, CUJIbHBIE BETPBI U JOXKAU — MPEACTABISAIOT
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06CT05IT6J'IBCTB3, ACIarIre pa3sBEAKY C BbICOTBL HCBOBMOH(HOﬁ; HO
9TH KE¢ 00CTOATEILCTBA B 3HAUUTCIBHOMI MCpPC MCHIAIOT TAKKEC U
Pa3BCaOYHBIM OTpsAaaM. 3aTO, C BBICOTHI a9poCTaTta, B
6HaFOHpI/ISITHyIO MHHYTY, MOKHO B OAWH 4YaC BO3HArpaauThb
IMOTECPAHHOC BPEM B HECKOJIBKO ,I[HeI;'I. !

C npuMeHeHHeM MaJIeHbKUX MMOPTATUBHBIX JIETATEJIbHBIX CHAPSIIOB,
pas3BeiouHas ciyk0a mpruodpeTaeT BO3MOKHOCTb TOPa3/Io
COBEpIICHHEE BHITIOJIHATH CBOIO (PYHKIIMH ITPH HECPABHEHHO
MEHBUIEH 3aTpaTe JIIOAECH.

MaseHbKHi 0TS, COCTOSIIUN TPUOTU3UTENLHO U3 AECATU
YeJIOBEK U CHAOKEHHBINM OJIHUM JIETATEIbHBIM CHApPSIIOM IPU OJTHOM
MOJIBOZIE B JIBE JIOIIAIU — 3TO BCE, UTO HYKHO, UTOOBI C YCIIEXOM
3aMCHUTBb HECKOJIBKO PCKOTHOCHHUPOBOYHLBIX OTPAIO0B. Heckoapko
JIECSTKOB TAKUX a9POCTATHBIX OTPSAIOB CIEIAIOT U3NULIITHIM
OTBJICUCHHE OOJIBIIIUX MACC BOMCK OT apMHUH U MIOTEPIO JOPOTOro
BPEMEHH JIJIsI BHITIOJIHEHUS pa3BeOYHOM ciryk0Obl. Ha monBoze

! Crona e OTHOCHTCS yA3BUMOCTB JIETATENHHOTO CHAPS/IA TIPH CTPENLOE 10 HEM.
Ka3anoce Obl, 4TO JIeTaTeIbHBII CHAps1 HauboIee yI3BUM JICHCTBUIO BEICTPEIIOB
B TOT MOMEHT, KOT/Ia OH IpoJieTaeT HaJ HenpusteneM. Ho oka3biBaeTcs, 4To Mpu
BEPTUKAIBHOM OallJIOHE YSI3BUMOCTh CHapsaa kpaiiHe HuuTokHast. @oTtorpadus
Ne 3 (cm. Taba. dpororpaduii) cHsATa ¢ anmapara B MOMEHT MOJIETA €ro HaJ
TOJIOBOM TIOYTH TI0 BEPTHKAIHU. 37eCh OAIIOH COBCEM CKPBIBAETCS 3a
AdpOIlJIaHOM, KOTOprf/'I Ha BBICOTC MPCACTABIACT HUYTOXKHYIO MMOJABHKHYIO
momans 4 npunena. @ororpadus Ne 2 npencTaBiseT CHUIMOK C aniapara moj
yraom 15 — 20 rpagycoB OT BepTUKaIU. 31ech OaIOH B IPOEKINH TaKXe
NPe/ICTaBIsIET HUYTOXHYO MOBEPXHOCTh. Haunnas, npubausurensHo, ¢ 20
rpajayca OT BEpTHKAJIH, TJIOIIAAb IPHIENIA pacTéT; HO OAHOBPEMEHHO
YBEIMYHMBACTCS M PACCTOSIHUE allapaTa oT crpestomniero. He Hy»HO rmpu 3ToM
3a0bIBaTh, YTO BCE ITU MOJIETHI Yepe3 MO3ULIUH HETTPUSATEIS! JOIDKHEI
COBEpUIAThCS HA BBICOTE HE HIDKE JABYX BEPCT OT 3€MJIM, KaK 3TO IIPUHSITO B
BOEHHOH a3pocranuy. Maias ke IIIoIab JaHHOTO JIETaTeJIbHOTO CHapsiaa A
nmpunaeia, MO3BOJIUT EMY MPOJICTAaTh HAZl HEIPUATCIIbCKUMU ITO3UITUAMUA
3HAYUTCIIbBHO HU2KE, UYTO UMCCT 6OJ'IBIHyI0 BAXXHOCTD JIA YBECIINYCHHUA Pa3MEPOB,
a cJIeJI0BaTeNbHO, U TOYHOCTH (OTOrpaduuecKkiux CHUIMKOB, a C APYTrOi CTOPOHBI
— 7S pacUIMpeHust FpaHuI 001aCcTH JABUPOBKH CHApAIa B BEPTUKAIBHOMN
IUIOCKOCTH.
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HaXOJSTCS MaTPOHbI CO CKATHIM BOJOPOJIOM, JOCTATOYHBIM JIJIS
onHoro 3apszaa (150 — 170 ky0.MeTpoB); TaM 7K€ MOKET
MTOMEIATHCS Pa300paHHBIN U CIIOKEHHBIH JIeTaTeIbHbIN CHAPSI,
BecAluii 4 — 5 myn0oB. B U3BeCTHBINI MOMEHT, MEHEE YEM B T1OJT
yaca, anmnapar CHapsiKaroT JJIsl HoabEMa.

[Tpu HeGnaronpusTHOM BETPE MOABbEMBI MOT'YT OBITh IPUBSI3HBIC
(xaK OOBIKHOBEHHBIE BO3/YIIIHBIE 3MEU); B TUXYIO K€ U
C1a00BETPEHHYIO MOT0/Y, NOIBEMBI MOTYT OBITH CBOOOIHBIMU, U
a’pOHABT MOXKET JIBUraThCs B JIIOOOM HaripaBieHuu. [1o okoHuanuun
OCMOTpPa MECTHOCTH, JIETATEIbHBIN CHAPS, OCTaBasICh
3apsKEHHBIM, CBOOOIHO MOXET OBbITh IEPEHOCUM Ha JIPyroe MeCTO
IBYMsI-TpeMs uesoBekamu. [[i1s1 yno6cTBa nepeHockH,
[I0JIBELIMBAIOT BJ0JIb OAJUI0HA HEOOJIBIINE MELIKHU C 3eMIEH JIst
ocnabieHus ero NoabEMHON CHIIbI. JleTaTenbHbIi CHApST MOKET
OBITH TaKXke IEPEHOCHM C MECTA HAa MECTO, OCTaBasiCh B BO3/yXe
BMECTE C a3POHABTOM.

Heckoabpko Takux MaJIeHBKHAX OTpAAOB, PACIIOJIOKHUBIIUCH 3TAIIOM
Ha U3BECTHBIX PACCTOSIHUAX JIPYT OT Apyra U o0pasys 1elnb, MOTYT
CHOCUTBCS C TJIaBHOM KBapTUPON MyTEM OECTIpOBOJIOYHOM
tesierpadun 1o cucteme npod. [lonosa u ToTyac xe cooduaTh
pe3yabTaThl CBOUX HAOIIOACHUI.

CToNKHOBEHME ABYX apMUM, U3 KOTOPBIX OJJHA BJIAJEET BO3AYIIHOMN
PEKOTHOCIIMPOBKOM, a ipyras — HeT, Oy/eT MOXOAUTh Ha 60pbOy
3pSYETO CO CIIEBIM.

Pa3Benounas ciyx6a, u3ydast HEPUATEIbCKHUE MO3ULIUHU TOJIBKO 110
nepudepmnu, Kak 3T0 COBEPILAETCS B HACTOSALIEE BPEMS, JAJIEKO HE
HCYEPIBIBAET CBOETO HA3HAUEHHU S, UMEHHO, JOCTaBJICHHE MOJHbIX
cBe/ieHuil 0 HenpusTene. JTa ciayx0a Obuia Obl HeaabHa Mo
BBIMIOJTHEHUIO CBOUX (DYHKIIHMM, eciii Obl HMesla BO3MOXHOCTh
IIPOHUKATH BIJIYOb HENPUATEIbCKUX MMO3ULINN, ITyCKAThCS HA
pa3BEKU CaMbIX JAaJbHUX, CAMBIX TITyOOKHX PacloNOKeHUI
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HENPUATEIbCKUX CHJI, Pe3€PBHBIX YacTel, myTeil cooOmeHus,
00030B, JIAr€pHBIX PACIIOJIOKEHUN, BHYTPEHHETO YCTPONCTBA
(GopTOB U KpernocTel U T. 1.

J171s BO3IYIIHBIX OJIETOB JAIBHETO IJIaBaHUS JI0JKHBI OBITH
OpPTaHW30BaHbI CICIIHALHBIC BO3YITHBIC OTPSIbI, CHAOKEHHBIC
dororpaduyeckumu anmnapatamu. [locne Toro, kak ouH NPOOHBII
JIeTaTEebHBIM CHAPS/, TOIHABIINCH, ONPEACIIUT Ha

BbIcOTE | — 3 BEPCT cylecTBOBaHUE 0JIArONPUATHOIO BO3AYILIHOTO
TE€YEHUsI B CTOPOHY HENPUATEIS, UITU K€, ONIPEIETIUB
OJ1aronpusATHBIN BO3YLIHBIN TOTOK IO XOAY 00JIaKOB, KaK 3TO
OBIBAET OUEHB YACTO, 2*) BBITYCKAETCA, 3aTeM, HeOOIbIIOH 0TS
Ha 3aBeJIOMO-ONPEACIEHHYIO BBICOTY.

ITponeras Haj HENPUATEINBCKUMU IMO3ULUAMH, 3TOT OTPSIZ 1O IIYTH
dotorpadupyer MectonosioxkeHnue ux. Jlapupys, 3arem, B
BEPTUKAJIBHOM TUIOCKOCTH BBIIIIE WM HUXKE, OTPSIL HAXOJUT
0o0OpaTHbIN BO3AYIIHBIN OTOK, C KOTOPBIM BO3BpAIlaeTCsi 00paTHO
WJIM TOTYAC, €CIIM 3TOT ITOTOK HAWJIEH, N BBDKUIAET HEKOTOPOE
BpEMs, IOKA BO3AYITHOC TCYHCHUEC HC CTAHCT OIIATH 6HaFOHpI/I$ITHBIM
JUIsL BO3BPALEHMSI, UM€s B BUJLy, YTO HAIPABJIEHHUE STUX ITIOTOKOB
HJaCTO MECHACTCA B TCUCHUEC JHSA 3

YMeHbe 1aBUPOBATH CPeIH BO3AYILIHBIX MOTOKOB Pa3JIMYHbIX
HANpPAaBJEeHUH U HAXOAUTH 0J1arONPHUATHOE BO3AYIIHOE TeYeHHe
NpeacTaBjsieT TPOMAJIHYI0 IEHHOCTh U SABJISIETCS IJIaBHeH M
(axTopoM coBepieHHUsI BceX OyAYIIHUX BO3AYIIHBIX IJIABAHUI
AaJjibHero peiica.

2 _ Jlsukenue 001aKOB, B 3TOM cilydae, OyAeT CIIYKHTh GONIBIINM HOCIOPHEM
a’POHABTY AaXKe TOTAA, KOTJAAa OH HAXOJIUTCS Ha BBICOTE CPEIU HUX.

3 **) _ Mopun ®opmaH, OIbITaMK ¢ NPOOHBIM LIAPOM, MOKA3aJl, YTO Ha
npotspkeHnn 1600 MEeTpoB OT 3eMJTH BeTep N3MEHIII CBOE HAIIPaBJICHHUE JIEBATH
pa3 (Uynmeca BO3AYIIHOTO OKeaHa, cTp.34); KpoOMe TOTO, BETPHI 1€ MEHSIIOT CBOE
HaIpaBJIeHUE B TEUCHHUE AHS, 00pa3ys, TaKk Ha3bIBAEMYIO, PO3Y BETPOB.
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W3ydeHne BO3yIIHBIX TOTOKOB Ha Pa3HBIX BBHICOTAX JIJIS KaXI0H
MECTHOCTH COOTBETCTBEHHO BPEMEHAM T'0J[a ¥ yacaM JIJist
MOCITY>KUT, KaKk TOBOpUT D1aMMapHoOH, pa3pelieHHeM BeTUKON
npo6aemsl aspoctanuu. Camo cob010 pazymMeercsi, 4TO 3aKOHBI
BO3/IYILIHBIX T€UEHUHN OyAyT ObICTPO U3y4aThCs, pa3 eCTh
BO3MOXKHOCTB JIJISl 3TOTO U3YUEHUST; HO B IMIEPUO/IE 3TOTO H3yUCHHUS,
JalbHHUE BO3YLIHbIE PEChI MPUAETCS COBEPILIATh MOKa C
HEYBEPEHHOCTHIO, ITOYTH HAYTa]l U 9aCTO

3aBUCETH OT citydas. [lo Mepe ske u3ydeHust BO3yIIHBIX IIOTOKOB,
3aKOH CIIY4alHOCTH OBICTPO HAYHET yCTyHaTh MECTO 3aKOHY
MOCTOSIHCTBA. B MecTax ke Oyayumux npeamnojaraeMbix TeaTpoB
BOCHHBIX el CTBHI, TOCyA1apCcTBO 0013aHO 3apaHee
IMIHUPUYECKH U3YYUTh, MOJO0HO NMYTAM COO0IIEHHUS HA 3eMJIe,
BO3/AYIIHbIE TeYeHHUs HA PA3HBIX BHICOTAX COOTBETCTBEHHO
Pa3/IMYHBIM BPpeMeHAM I0/1a U YacaMm JIHs, COCTABJATH
crenuaJbHble KAPThl U XPAHUTH HX B CeKpeTe.

Vike Teneps CynecTByeT HeMayo (DaKTOB, YKa3bIBAIOIINUX, YTO HA
HEOOJIBIIMX YK€ BBICOTAaX BO3YLIHBIE TOTOKK 00JIaaioT
OTHOCHUTEJIbHBIM ITOCTOSIHCTBOM IO CKOPOCTH, @ Ha OOJIBIINX
BBICOTaX — M 110 HAIPABJICHUIO U «IBHXKYTCSI POBHBIM, BEIIMUABbIM
X0JIOM, [T0I00HO TEUEHUIO0 OTPOMHOI pekn» (PraMMapuoH) U 3TUM
PE3KO OTINYAIOTCS OT IEPEMEKAIOIINXCS BETPOB, TYIOIIUX Ha
MOBEPXHOCTHU 3€MJIM. DTO — T€ MOTOKHU BO3AYyXa (TOIbPCTPEMBI),
KOTOPBIMHM NHCTUHKTUBHO IOJIb3YIOTCS IIEPENIETHBIE NTULBL,
HECMOTpS Ha CBOM H/I€ajbHbIE JIETaTeIbHbIE IPUCIIOCOOJICHNUS,
nenast ot 100 go 200 BépcT B yac.

Jlnst moiepskaHust COOOIIEHUST MEXTY OTACTbHBIMU YaCTSIMHU
ApMUH, IIEPECHUIKU MIPUKA30B, IMOJTYYCHHUA CBCI[eHI/Iﬁ HT.O —

B PACIIOPSKEHUHN PAa3BEAOYHON CITYKObI HAXOIUTCS MHOTO
Pa3HOOOPa3HBIX CPENICTB,: Tenerpadsl, TeNePOHbI, CHTHAIU3AINH,
ronyOu, ipeccupoBaHHbIE COOAKHU U T. 1. — BCE ITO CIEIUATIBHO
MIPUCTIOCOOJICHO IS CITYKOBI BHYTPH CBOMX YacTeil. Bece atn
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CpeICTBa UMCIOT CBOM JJOCTOWHCTBA U CBOU HEJIOCTATKH, U
JIOCTOMHCTBA OJIHOTO CPEJCTBA MOKPHIBAIOT HEJAOCTATKH JAPYrOro.
[TosTOMY, IpUMEHEHHUE JIETATEIBHBIX CHAPSIOB ISl TEX JKE IETICH,
XOTS ¥ HE HCKITIOYAET MOJIh30BAHUS U IPYTHMH CPEICTBAMU, HO
3aTO MOKET BOCTIOJIHUTh BCE UX HEAOCTAaTKH. [IpakTika cama
YKaXeT, TJIe TI0JIb30BaThCS OJTHUM CPEJICTBOM, a TJIe — IPYTHM.
Bb110 OBI TOJIBKO W3 YEro BHIOUPATH.

Kax1p1i1 IOJIK MOYKET UMETh B CBOEM PACHOPSKEHHUHU JIETaTEIbHBIN
CHapsIJT AJIs TOTOOHBIX 1eneid. [TopTaTHBHOCTE CHapsI1a TIO3BOJISET
€My OrpaHUYMBATHCS TOJIBKO OJJHOM MOJIBOJOM U HECKOJIbKUMU
YEeJI0OBEKaMU MPUCIIYTH U CIEA0BATh 3a NEPEABUKECHUEM OTPSIA,
OTHIO/Ib He oTAromias ero. OnbIThl 6€CIPOBOIOYHOM Tenerpapuu
1o croco0y MapKoHH, IPOU3BEICHHBIC 32 TPAHUIICH, C BBICOTHI
a’pocrara Jajld BIOJHE yIOBIETBOPUTEIbHBIN PE3YJIbTAT U
OTKPBIBAIOT JABEPH MPAKTUUECKOTO MPHIIOKEHUS ITOTO CIIocoda K
pa3BeIOYHOM cy)0€e B CaMbIX HIMPOKUX Mpeenax ynoocTsa u
IIOJIB3BI.

Kaxxnast 6aTapes MOKeT UMETh 110 OJTHOMY JIETaTEIbHOMY CHapsiLy
1Sl HAOJMIOICHHST HaJl ICHCTBUTENFHOCTBIO [3()(EeKTHBHOCTHIO]
apTUJUIEPUIICKOTO OTHS U Juis ynpasineHus um. [Ipu crpennOe xe
10 HEBUUMOM 1I€JIH, KaK 3TO UMEET MECTO IIPU COBPEMEHHOM
JAIIbHOOOMHOCTH OpYKUS — HEBUAUMAs LENb JUISl CTPEIIIOIINX
MOYET OBITh BHJIUMA C BBICOTHI a3pocTarta. OIBITHI e M000HOT0
pOJia MPUMEHEHHUSI A3POCTATOB YK€ MPOU3BOAATCS B I'epmanuy,
Opannun, Aarnuu u Utanuu.

Nnes ynpaBieHus: X0OA0M CPaKEHUS € BBICOTHI adpocTaTa yiKe
MPUMEHSJIACh C YCIIEXOM HE pa3 3arpaHullel U Ha JeHCTBUTEILHOM
I0JIE CpaKEHUS U Ha MaHEBpax. /[ 3TOM 1enu neraTenbHblid
CHapsiJ] JIETKO MOKET OBITh YCTPOCH IIJISl ABYX YEJIOBEK, U3 KOTOPHIX
OJIMH YIPABJISAET CHAPSIAOM.
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MMmest BO3MOKHOCTB OBICTPO M TOUHO € BBICOTBI a3pocTaTa
AUArdHOCTUPOBATH PACIIONIOKCHUC U CUITY HCTIPHUATCIbCKUX
HO3UIIMIT, BOCHHOHAYAJIbHUK [BOCHAYAIBHUK] MOXKET OBICTPO U
1eJ1eco00pa3HoO HAIIPaBUTh CBOM CHJIbI HA HENPUATENS. Y KE OJHO
3TO OOCTOSATENBCTBO IIPU MPOUYUX PABHBIX YCIOBUSAX, YIOBIETBOPSI
CTPATCTUYCCKOMY MPUHIUITY «BHEC3AIMHOCTH», IPECAOCTABJIACT
IrpoOMajJHble LIAHChI YCIeXa sl CTOPOHBI, 001aJatoIel BO3IyIIHON
PEKOIHOCLIMPOBKOM.

Kpome BoeHHOT0 zeia, JIeTaTeNIbHbINA CHAPs MOKET HauTH
LIMPOKOE IPUMEHEHHE:

B. B BoenHoM J1oTe: 117151 pa3BeI0YHOM CITY>KOBbI B OTKPBITOM
MODE€; 1711 OOHAPYKEHUS TPUOTUKEHUSI MUHOHOCOK M TIOJIBOJHBIX
JIOJIOK; AJIS OTKPBITHSI MUHHBIX 3arpaKIeHH; 151 OOHapy>KeHUs
MOJBOJHBIX KAMHEN U MEJIEH; T MPEIBAPUTEIBLHOIO OCMOTpa
OeperoB Mnepes AeCaHTOM; AJisi OeCTIpOBOJIOYHOM Tenerpaduu
MEXIYy OTACIBbHBIMU CYIaMH U T. 1. U T .JI. ITOT OTAEI
IIPUMEHEHUS JIETATENIBHBIX CHAPSIIOB TIIATENBHO U AETAJIBHO
pa3paboTaH neritenantoM M. H. BosbiieBsIM B €T0 JIEKITUAX, K
KOTOPBIM 51 U OTCHUIA0 YATATEIIS.

C. st MeTeopOoJIOTHUECKUX UCCIICIOBAHMIA.

D. [lnst Hay4HBIX UCCIEA0BaHUN aTMOCHEPHI.

E. ns pororpadupoanus.

F. Jlns Tonorpadguiecknx ChEMOK MIaHOB MECTHOCTEH U JIHA PEK.
G. lns neueOHBIX 1eTeil (TOPHBINA BO3IYX).

|. 175t )KeNe3HOAOPOKHBIX U3BICKAHHH.

K. Jlns reorpaduyuecknx UCCaeI0BaHMN; A IEpeIETOB Yepes
rOpbI, PEKH, MPONACTH U T. [I.

L. dns ciopra

M. lns mepeBo3kH moutsl (ppanko-npycckas BoiiHa 1870 r.).

133



— 70—

Ipumeuanue: BepoATHO HalyTCsI KPUTUKU, KOTOPBIE, CYIOPOKHO
LEIUISISICh 32 COBPEMEHHBIE BO3AYIIHbIE IIAPbI, CTAHYT YTBEPKIaTh,
YTO BCETO BBIIIECKA3aHHOTO B 3TOM IIaB€ MOYKHO JIOCTUTHYTh U
OOBIYHBIMM BO3YIIHBIMU 1IapaMu. KoHEUHO, B CYILIHOCTH 3TO
BEpPHO, — TAK)KE BEPHO, KaK U TO, YTO MOKHO IIEPEIBUTaThCs HA
IPOCTOI1 Teere, CHOCUThCA He Teerpadom, a mpu IMOMOLIH
BECTOBBIX, CTPEJIATH U3 JyKa U T. 1. Ho eaBa iu BeposATHO YTOOBI
HAIIUTMCh TaKUe JPYTU WU HEJPYTH, KOTOPBIE MOCTYIIAINCH ObI
3TOr0 KOBAPHOT'O COBETA, TBEPIO NAMSATYS

CTapyl0 BOCHHYIO aKCHUOMY, YTO «TOT, KTO IIEPBBIM SIBJISIETCSI C
KaKUM-HHOYIb HOBBIM CPEJICTBOM Ha BOIHE — BCET1a MPHOOpETaeT
rpomajiabie BeIroaely. (Jleep. IlyGnuunsie nexiuu o BoitHe 1870 r.,
cTp.8).

Bcé npenpinyiee 3Toi CTaThy, 1 yBEPEH, 1OCTATOYHO AAET
OCHOBAHUS YUTATEIIO TyMaTh, YTO MBI YK€ CABUHYIIUCH C MEPTBOU
TOYKH M YIUIM BIEPEL OT BO3AYIIHBIX IApOB. Bripouem, k MoeMy
YTELICHHUI0, UCTOPUS HA KAXKJI0M CBOEH CTPAaHMIIE IOKA3bIBAET, YTO
CHJIa Bellleil, pOKOBBIM X0/10M COOBITHH, B KOHIIE KOHIIOB BCE-TAKH
no0eX/1aeT U HUBEJIUPYET BOJIIO OTAEIbHBIX JIULI.
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I'JIABA VIII.

Tabdauua cpaBHUTEIbHON OLIEHKHM BO3IYIIHOIO 1Iapa, 00bIYHO
NMPAaKTUKYEMOI0, U JIeTATeJbHOr0 cHapsiaa Tuna 1899 roaa.

Hwxecnenyromas tadiauna, okpeménnas «oecnpuctpactHoi» (?!)
KPUTUKOH, Kak «0e33acTeHunBas pekaamay (1), paspaboTana MHOIO
emé B mpouuioM rofy. B 3Toit Tabmuiie mpoBeieHa mapauieib MexI1y
JAHHBIM CHApPSIOM M OOBIYHO MPAKTHKYEMBIM BO3IYIIHBIM IIAPOM.
[Tocnemuuii, Kak EAMHCTBEHHO (PAaKTHUYECKH CYIIECTBYIOIHIA
JIeTaTeNbHBIA CHAPS, IPUHAT MHOIO 32 €AMHUILY CPAaBHEHHUS.

IIpu BO3ayHIHOM IIpu JerarejbHOM
mape. anmapare.
1. HammomrHeHIE BOIOPOIOM, Ot 15 yenoBex H BeIIE. | 3 — 4 denoBeEKa.
OCHAIIlCHUE U BOOOIIE BCE
00opynoBaHUe IS OJIETOB
TpebyeT
2. Bpems s Bcex Ot 3 110 4 yacos. Mo oxHOrO Haca.

IIPUTOTOBJICHUI ITPU
OJIMHAKOBBIX YCIOBHUAX
HAIIOJIHEHHS TpeOyeTcs

3. Ilepenocka 3apspokeHHoro U | He mpaktukyercs 2 — 3 yenoBexka.
CHAIEHHOTO arnapara Bcle]
3a ABUKEHUEM BOMCK

4. IlepeHocka amnmapara B Ot 15 yenoBek U BhIIIE | 3 yeloOBeKa.
CIIO)KEHHOM U pa300paHHOM
BUJIE TPeOyeT

5. IlepeBo3ka anmapara u Ot 7 nonBoA U BBIIIIE. OpnHa noaBoza
BCEX IMPUHAIIEKHOCTEH CO
BKIIIOYEHUEM NApOBOH
ne0EnKH, HO Oe3 MaTpOHOB
JUIS CKaToro BOJOpoJa

TpedyeT

6. I[Tpu ynotpebneHun ITapoBas ne6énka. be3 maposoit
anmapara, kak ballon-captif, TE€0ETKH.
TpedyeTcst
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IIpu BO3AyHIHOM LIApE.

le/l JETATCJIbHOM
amnmapare.

7. IlogséM cBOOOIHOIO
ammapara, OOBIKHOBCHHO
IIPaKTUKYEMBbIH,
COBepIIaeTCs

Ha 3apanee onpeznenénuyto
BBICOTY B 3aBHCUMOCTHU OT
BHYTPEHHHUX YCJIOBHH IIapa.

Ha npousBonsayro
BBICOTY, HaUMHas OT 1
MeTpa OT 3€MJIH, II0 BOJIE
a’pOHABTA.

8. CBoOOIHBIN TONET TP
TUXOI U CITa0OBETPEHHOM
IOroJIe

HeynpaBnsiemplii.

VYpasiseMblii.

9. CBoOOIHBIN TONET TP
Pa3UYHbII TEYCHUSIX
BO3/lyXa Ha Pa3HBIX
BBICOTAxX

Hecércsa Teuenuem, Ha
KOTOpOE IIap MomagaeT
CIIy4aifHo.

ABpPOHABT IO IPOU3BOIY
OTBICKHBAET CBOU
IOy THBIA BETEp.

10. MoMeHT omycKaHus

Bo Bnactu a3poHaBTa 10
HUCTOIIECHUS OajacTa.

Bcerna Bo Biactu
a’poHaBTa 0e3 yJacTus
Oaacra.

11. Cryck Ha 3eMIII0

Yame pyuckoBaHHbIN

Yaiie He-pUCKOBAHHBIN.

12. MHOTOKpaTHbIE
NOABEMBI U OIyCKaHHUS

HeBo3MOKHEL

Bo3MOxHEBI
HEOTPaHUYEHHOE YHCIIO
pas.

13. Onun 3apsin
BOJIOPOJIOM CITYXKHT

Ha oaun moasém, MHOTO Ha
JIBa paza.

Ha HeorpanuyeHHoe 4ucio
pa3 B mpoonkeHue 8§ — 9
JHEW C HUYTOKHBIM
MOJNOTHEHUEM YTEUKU

BOJIOPOJIA.
14. CTonMoCTh OJHOTO Hwudero He cTouT, Tak Kak
HATIOJTHEHUS BOIOPOIOM BBIpa0aThIBAEMBIN

KeJIe3HBIH KyNopoc
BITOJTHE TTOKPBIBAET
pacxofibl IO HAOJIHEHHMIO.

15. CTOUMOCTE BCETO
amnrmapara

Ot 6 TBIC.pYO. U BHIIIIE.

800 — 1000 p. npu
ménkoBoM Oaiutone, u 500
— 700 p. — mpu TIEpKaIEBOM
OaJlIoHe.

16. IIpakTHyeckoe
MIPUMEHEHNE CHAPSIOB.

1. JInst peKOTHOCIIMPOBOYHOM

CITYXOBI.

2. JInst pororpadupoBaHusl.
3. 151 METeopOIOTUYECKUX
H3BICKaHUM.

4. Jlns yBeceIUTENbHBIX
neieun

CwMm. 1. VII.
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I'JIABA IX.

BeiBOABI.

1. CtpemiieHune Temeph ke cpa3y pa3peluTh BEKOBYIO Ipobiaemy
JISTAHUs YEJIOBEKA B TTOJIHOM €€ 00béMe, TyTEM yCTpOiCTBa
0e30aJTOHHBIX JIETATEIbHBIX CHAPSAA0B, €CTh PE3YJIbTAT JIOKHON
UJeH, SIUAEMUYECKU PACIIPpOCTPaHEHHOM cpean Macchl (cTp.3).

2. Pa3pemienue 3Toi mpodieMbl OyIeT COBEPIIATHCS TOIBKO
OTIBITHBIM ITyTEM, HAUUHAS C YJIOBJICTBOPECHUS TPOCTEHIIIHX (hOopM
JeTaHus (B TUXYIO [TOTOy) ¥ MEUICHHO, JIJTUTEIBHBIM PSIOM
MeTamMopd03, TOCTUTHET CIIOKHBIX (DOPM, YIOBICTBOPSIONINX BCEM
TpeOOBaHUAM MPAKTHUECKOTro jeTanus uenoseka (i |1).

3. Ilpennaraemblii IeTaTeIbHbIN CHAPSA IPUHAUIEKUT K THILY
CHApSIJIOB TsaKeJIeHIMX BO3AyXa U IPEACTaBIsEeT COO0I0 EPBYIO
CTEIEHb JJIMHHOM JIECTHUIIBI 3BOJIIOLINY JIETATEIbHOTO CHApSIa,
HauuHasi ¢ BO3AYIIHOTO 11apa, Jerdaiiiero Bo3ayxa (U Iae uMeeTcs
OJIMH «I1aCCUBHBIN IPy3» U HET — «aKTUBHOTO») U KOHYas
0e30aJIOHHBIM JIETaTeNIbHBIM CHAPSIIOM, TSDKEJIeHIINM Bo3ayxa (Te
UMEETCs OJJMH «aKTUBHBIN IPy3» U HET — «ITaCCUBHOTOY), T.€.
MIOCTENIEHHBIM IIEPEXOI0M OT OJTHOTO «IIACCUBHOTO IPy3a» K OJHOMY
«axtuBHOMY rpy3y» (Tir.11).

4. DBomOLINA JIETATEIBHOTO CHapsiia OyJeT UJITH pyKa 00 pyKy C
YBEJIMYEHUEM I10JIE3HOM MeXaHN4eCcKoi paboThI IBUTATENS,
KOTOPBIN OyJIeT CIOCOOCTBOBATH KOJIUYECTBEHHOMY POCTY
MOITHOCTH CHapsi/ia, HO HOBOM H/eH JeTaHusl IBUIaTe/b ¢ 00010
He npuHecéT (To1. |1).

5. Jlo mosiBiieHHsI BIIOJIHE TIPUCTIOCOOTICHHOTO /IS JICTaHUS
MPOCTOTO, JETKOT0, CUIIBHOTO M 0€30MacCHOT0 MEXaHHYECKOTO
JIBUTATEJIS, POJTh TIOCTIEAHETO JOJIKEH BBITIOJIHATH CaM a’pPOHABT.
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6. Best pabota aBuraTens goJpKHa ObITH HAaITpaBlieHa HA MOABEM
OTIpeNIeIEHHOTO TPy3a B BO3YX; CIIYCK CHapsa COBEPIIACTCS
CHIIOO TSDKECTH HOAHSTOro rpysa (ri. 11).

7. IloctynarenbHblii MOJIET pa3BUBACTCS HA MTOYBE MAJICHUS CHApsAa
Ha 3€MJIIO U NIPEACTABISAET PABHOAECHCTBYIOIIYIO JIBYX CHUIL:
MPONEUTMPYIONIEH TOPU30HTAIBHOM Clararoied CHIbl ¢ OJHOMN
CTOPOHBI, U CUJIBI TTAJICHUSI CHAPAJIA — C JIPYTOil.

CKOpOCTB NMOCTYHaTCJIbHO-TTaAaroIICro noaéra HaxoauTCs B HpHMOﬁ
3aBUCHMOCTH OT BCIIMYMUHEI I'py3a, IOAHATOr0 ABUTaTCJIEM U OT yIJjia
HaKJIOHA a3poOIljIaHa.

BennunHa e cOOCTBEHHOM CKOPOCTH MOCTYIATEIbHO-TIaJAF0IETO
noséra CHapsijia, B CBOIO 04Yepe b, 00yCIOBINBAET CIIOCOOHOCTH €TI0
IPE0JI0JIeBaTh B OOJIBIIECH MM MEHBIIIEH CTETIEHH BCTPEUHBIN
npotuBHbIi Betep (1. |l ota. 4 u 5).

8. Cuua, BieKyIlas annapar K 3emJjie pu NoCTyNnaTeabHo-
nasiarouieM nojére, MOXKeT B HECKOJIBKO pa3 MPEeBOCXOAUTH CHUITY,
HOHUMAIOIIYIO anmapar ¢ 3eMJIH, 0J1aroaapst yTUIM3auH CHIIBI
«CKPBITOTO aKTUBHOTO I'Py3a» M CUJIbI «CKPBITOI'O TACCUBHOTO
rpy3a» (rnasa Il otn.2 u 4).

9. TpaekTOpHs MOCTYMATENILHO-TAIAIOIIETO MOJIETA MPEICTABUT
cob6oro BomHooOpasuyro aunuio (Wellenflug), cocrositnyro u3 psaa
MOYTH BEPTUKAIBHBIX TOIBEMOB U MOKAThIX majgeHudt (. Il o1a.7).

10. BasoH, HOCTaBICHHBIN BEPTHKAIBHO, MPECTABIISIECT
HAWMEHBIIYIO BPEHYIO MAPYCHOCTH MPH CBOEM JBHKEHHH
BCTPEYHOMY BO3/YXY IPH MOABEME U OMYCKAHHH CHApSIA U
BBITIOJTHSIET JIB€ (DYHKITUU: &) BOCTIONHSET HEOCTAIOTYIO (715t
HO/IHSTHUS BCETO CHapsiia B BO3/yX) MOIBEMHYIO CHITY IBUTATEIIs U
b) rapanTHpyeT JeTaTeIbHOMY CHapsaAy yCTOWYHBOCTD (TIL. 11).

11. BepTukanbHblil 0aioH, MU MOCTYNATEIbHO-TIA/1al01EM TOJETE,
OTKJIOHSIETCS Ha3aJl OT BEPTUKAJIM HA OIIPENEIEHHBIN Yroil U

138



_75_

pacrosaraeTcsi HI’KHUM OCTPBIM HOCOM K BCTPEUHOMY BeTpy (CTp.
20 u 21).

12.YmMeHue TaBupOBaTh CPEAM PA3TUIHBIX BO3IYIIHBIX TIOTOKOB
pa3HbIX HANPaBJICHUN M HAXOUTh 0JaronpUsTHOE BO3TYIIHOE
TEYCHHE COCTABHT IJIABHOE COEPIKAHUE MEXAHUKHU TPAKTHYECKOTO
JICTaHUs YEJIOBEKa Jaske B AajékoMm oyaymiem (ri. |l ota. 8).

13. IlpakTryeckoe JeTaHne HAYHETCS YIPaBIIsIeMbIM JICTAHUEM B
TUXYIO U CIa00BETPEHHYIO MO0/l U 3AKOHYHUTCS JIETAHUEM ITPOTUB
CHIIBHOTO BeTpa, HO He obpartHo (Ti1. Il otx. 5).

14. Tloanblil UK pa3pelieHus TpooieMbl JIETaHHsI YeI0BeKa
3aBEPIIUTCS TOT/A, KOT/A JIeTaTelIbHbIe CHAPSIIbI OyIyT «A0CTYIHbI
st Beex» (1. V).

3akJjoueHue.

S 3akaHuMBalO CBOI Tpy. bynyiiee mokaxer, HACKOJIBKO OKaXKYTCSI
BCPHBIMU U MMPAKTUIHBIMHU MOU MBICJIM U ILIIAHBI. COBpCMeHHBII\/’I
YeJIOBEK €/1Ba JIU JACT MPABUIIbHYIO OLIEHKY BBICKA3aHHBIM UJIESAM:
OH CJIMIIIKOM YBJICYEH CBOM M3TIO0JICHHOM MEUTOM cpa3y co3aaTh
JeTaTeIbHBINA CHAPSI, MOTYIIIUHN UATH HABCTPEUy Jaxke «Oypsam».
[lenoe cronerre OH MOTPATUIT HA TO, YTOOBI TOOUTHCS ITOU
3aBETHOM MEYTHI U K MOJIyMepaM OTHOCHUJICS PaBHOAYIIHO, €CIIU

HE MPE3pUTENHHO.

JloMoraTenbCTBO ¢pa3y pa3pelinTh NpodaeMy JeTaHHs YeIoBeKa BO
BCEM €€ 00bEMe — ITO Ta JIOKHAST HABSA3UMBAS UCS, JITHIEMHUUCCKU
pacnpocTpaHéHHas B Macce, KOTopas Jiepxara, 1a | JI0 CUX Mop
JICPKHUT B OKOBaX YMBI JIFOJICH U HE JaéT BO3AyXOILIaBaHHIO
Pa3BHUBATLHECA NPABUJILBHO U IMOCTECIICHHO. dakTnueckoe
CYIIIECTBOBAHHME JICTATSIbHBIA MEXaHU3MOB, CO3JJaHHBIX TIPUPOIOH,
©KEHEBHO HAITOMHMHAIOIINX O ce0e M pa3apaskarolinX armeTHT
JFOJIEH, TIOCTOSTHHO MOJIOTPEBAJIO ITY JIOKHYIO HIICHO.
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U B TO Bpemsi, Kak BO MHOTHX APYTUX U300pETeHUSAX (Terae(oH,
nyun PeHtrena u mp.) OCyliecTBiIeHNEe X MPUXOAWIO PAHBIIE, YeM
YeJI0BEK SICHO (OPMYIUPOBAT BO3MOXKHOCTD UX MOSBICHUS, —
IIPOUCXOMIIO HEOXKHIAHHO U ITOPaXaJlo, 1aXke B CBOEM
MPUMHUTUBHOM BHUJIE, HEMIOJATOTOBICHHYIO K HUM Maccy — B Jiele
JICTaHUSI YEJIOBEKA, MBI BUJIMM COBEPIICHHO O0OPAaTHOE SIBJICHUE:
uziest BO3SMOKHOCTHU OBJIAJICHUS BO3AYIIHBIM OKEaHOM, SICHO
dbopmynupoBaHHas Maccoi, 3abexarna 1aneKko BIepes BO3ZMOKHOCTH
e€ (aKTU4YeCKOro OCYIIECTBICHUSA. JTO MOPOUIIO HEBEPOSITHBIC
MPETEH3UN YE€I0BEKa K UCKYCCTBEHHOM JIETaTEIbHON MAIlIMHE: eMY
Ka3aJI0Ch JIETKUM JIOCTUTHYTh CaMOMY TOT0, YTO CO3/aJia MPUpO/Ia.

Hu k ogHOMY H300pETEHHIO, TOITOMY, HE MPEIBSIBISIIOCH TAKKX, 110
HUCTHUHEC, YYAOBUIIHBIX Tpe6OBaHI/H\/JI, KaK K JICTAaTCJIbHBIM MallIMHAaM.
U BOT, B OTBET Ha 3TH TpeOOBAHMUS, C Pa3HBIX KOHIIOB 3EMIIH,
Ka)KI[BIfI ACHb I/I306peTaT€JII/I CIICIIWJIM U ClI€IaT IMPEIIOoAHOCUTD
TIOJTHOE pa3pelieHre MPoOIeMbl JISTAHUS Y€JI0BEKa, HO ... TOJILKO Ha
Oymare.

Hcropus Bo3ayXOMIaBaHHsI JOCTATOYHO IMOKA3bIBAET, UTO KaK Obl He
OBLIIM BEpHBI TEOPETUUECKUE TOCTPOCHHUS U PaCUEThI, HO
HEYMOJIMMas IPAKTHUKA TaK jke TpeOyeT eCTECTBEHHONU POKOBOM
HBOJIIOLIMU OT MPOCTENIIETO K CIIOKHOMY 3[1eCh, KaK U BO BCEX
CYIIECTBYIOIUX N300peTeHUsIX 0€3 MCKIYeHMs, T.€. LEJIbIM
PAIOM MEPEXOIHBIX CTYIEHEH.

VYrpsimble 1101, TPU3HAIOIIME TOJIBKO MOJHOE pa3pelieHue
POOJIEMBI JIETaHUS YeIoBeKa, €€ JOITO MOI0KIYT CBOETO
kpbutaroro Ileraca; Ho HaiimyTCst Apyrue, Ooyee MpaKTHIHbIE,
KOTOpbIE yI0BOJILCTBYIOTCSA TE€M, YTO CeHYac €CTh MOJ PYKO. DTH
J01H, OECTpeneTHbIMU PyKaMy SHEPTHYHO B3SBILKCH 32 A0,
TBICSTYaMU OTIBITOB B HECKOJIBKO JIET Pa30BBIOT JIETAHUE YEIIOBEKA JI0
KOJIOCCAJIBHBIX Pa3MEPOB U JOBEIYT JIeTaTeIbHbIE CHAPSBI 110
BBICOKOT'O COBEPILICHCTBA.
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Torga pyTuHEpPHL, Bparu nporpecca v Mpourne TEMHbBIE CUIIbI JOJIKHBI
OyIyT CMUPHUTHCS U TIPU3HATH CBOIO OIIHOKY.

CoztaHueMm JieTaTeNIbHOTO CHapsa eli€ HE 3aBEPLINTCS ITOIHbIN
LUK pa3pelieHus: BEeKOBOM MpoOsieMsl eTaHus yenoseka. HyxHo
emé clenarh Tak, YT00bI TOT CHAPSA ObLT «YHOTEH M JOCTYIeH AJIs
BCeX», KaK BbIPa3WJICS HAILl MACTUTHIN yuéHbIN nipodeccop

. . Mennenees, pazymes 110 3TUMHU CIIOBAMU BCIO CYMMY
CBOICTB M KaueCTB JIETATEJILHOTO CHAapA/1a, IEIAI0IINUX €TI0 T'OJIHBIM
JUISI IPAKTUYECKOTO MOJIb30BAHUSI B Oy THUYHOMN KU3HU. MOXKHO C
YBEPEHHOCTBIO YTBEPXK/1aTh, YTO Kakue Obl He ObLIM B OyayIieM
JICTATCJIbHBIC MAIIMHbI, BO3JYIIIHbLIC Kopa6m/1 " 1apoxoabl, HO €CJIN
OHHU He OyIyT YAOBJIETBOPSTH TPEOOBAHUAM MPAKTHUECKON XKU3HU, —
OHHU 6y,[[y’l' CJIYKUTBb TOJIBKO BBIPAXKCHUCM TOPIKECTBA HAYKH, HO HE
IIPOHUKHYT BO BCE IIOPBI KU3HHU.

Knura npuposl packpbiTa s BCEX U MPaBO YUTATh €€ He
COCTaBIISICT HCKITFOUATEITHFHONW TPUBIIICTHH ITPUCSHKHBIX
CIEIMAIIMCTOB; a IO3TOMY, 51, XOTSI M He-TIPUCSKHBIN CIIEIUATNCT,
cunTaro ce0s BIpaBe, HapaBHE CO CIICIIUAIMCTAMH, TIPOIOJIKATh
COBEpIIIEHCTBOBAThH CBOIl CHAPS, €CIIM 00CTOSTENIbCTBA TOMY OYAyT
0JIaroNPUSTCTBOBATS.

Sl naneko He cuMuTaro CBOWM CHapsiJ 3aKOHYEHHBIM U JI0 CUX TIOP
CMOTPIO Ha HETO, HapaBHE ¢ TITyOOKOyBa)kaeMbIM MpodeccopomM
H. E. )KykoBckum, ! Kak Ha 3apoIbIiI, KOTOPOMY MPEICTONT EIIé
MEPEKUTH TPU CTAJUH, IPEXKJIE YEM OH TOCTUTHET «UCTUHHO

! Ham oTeyecTBeHHBIH aBTOPUTET 110 BO3YXOIMIABAHUIO [J1yOOKOYBaXkaeMbli
npodeccop Huxomait Eroposrny JKykoBckmii Ob1T IepBHIi, KOTOPHIH, emé B 1894
TOJy, PUCKHYJ IIPU3HATH 3TOT CHAPS «OKU3HECTIOCOOHBIM 3apOJBIIIEM» W IEPBBINA
MIPHHSIT yJacTHe B pa3paboTKe UIeH, ITOJI0KEHHOM B OCHOBY 3TOTO mpubopa. S
MIUTAI0 TITyOOKYIO0 YBEPEHHOCTD, YTO B CBOE BpeMsl TOMY y4JacTuio Oyaer
OTBEJICHO NMOYETHOE MECTO B UCTOPUH PA3BUTHs JAHHOTO JETATENLHOIO CHAPSIA.
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UJICTBHOTO MPAKTHYECKOTO JIETATeILHOTO CHapsiaa». CTaauu 3T
CIIeAYIOIINE:

1 cmaous: JleraTenbHbIl CHAPs — OAJUIOHHBIN; IBUTATENb —
yesnoBek. «[laccuBHBIN Tpy3» npeobianaeT HaJ «aKTUBHBIM». B
BEPTUKAJIBHOM IIJIOCKOCTH aIlllapar BIIOJIHE yIpasisieM. B
TOPU30HTAIBHOM INIOCKOCTH €70 YIIPABIIIEMOCTh OIPaHUYEHA
(He MoxeT moOOpOTh BeTpa cpenHeil ckopocTh). [IpakTrueckoe
JIETAaHHUE — MTOJIb30BAHKE MTOIIYTHBIMU BETPAMH.

2 cmaous: Anmnapat — 6aJUIOHHBIN. J[BUTraTens — HCKYCCTBEHHBIM
MEXaHUYECKUH. «AKTHBHBIHN IPy3» 00JIbIlIE «ITACCHBHOTO». B
TOPU30HTAILHOW TUIOCKOCTH armapaTt 0oJiee yrpasisieM (MOXeT
no0OPOTh BCTPEUHBIN BETEp CpeiHel ckopocTH). [IpakTuieckoe
JICTAHHUE — MTOJTH30BAHKE MTOMTYTHBIMUA BETPAMH.

3 cmaous: Annapar — 6e30a/UIOHHBIN. J[BUTraTens — CUIIbHBIN
MexaHndeckui. «IlaccuBHOrO rpy3a» HeT — OJJMH «aKTUBHBINY». Bech
amnmapat COCTOMT U3 JIBUTATENs (C JBMKUTENIEM) U adpoIljiaHa.
[IpakTHdeckoe eTaHne — MOJIb30BAHNE TIONYTHHIMU BETPAMHU.

Tperbeil cTanneit 3aKOHYUTCSI PA3BUTHE TOTO JIETATEIIBHOTO
cHapsia, KoTopslid Mbl, Jiroau XX Beka, Teneps cuutaem
uaeansHbiM. Ho Oynymuii 4enoBeK He OCTAHOBHUTCS Ha ATOM
TSHKETIOM, HEYKITIOJKEM JIETaTEeIbHOM CHapsi/ie: OH BEIOPOCUT
JBUTATEIh, BBIOPOCUT adpOILIaH, OMSATh YIOI00UTCS MUDUIECKOMY
Henany, BHOBb HaJI€HET JIETKUE KPBUIbs U HAYHET JIETATh OMSTH C
MOMOIIHIO CBOMX CJIA0BIX MYCKYJIOB, HO NMPeIBAPUTEIHHO
YMEHbIINB CBOH y/1e/1bHBIH Bec.

U BoT, 6€33200THO HOCSCH BO3YIIHBIMU TEUEHUSAMHU B O€30peKHOM
OKeaHe, OH OyzeT crpaiuBaTh ce0s: 3auem moau XIX Beka
MOTPATHIIH TEJIOE CTOJETHE B C TAKHM YIIOPCTBOM JOMOTAIINCH
JIETaTh HEIIPEMEHHO MPSIMO NTPOTUB BeTpall. . .

KOHEI]
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1898. Jhre Mingel. Kritik.
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Die Jdee des Apparates., Seine Steigung in die Luft.
Niedergang. Lavieren in einer verticalen Ebene. Lavieren
in einer horizontalen Ebene. Progressiver Flug gegen
den Wind. Die Stabilitit des Apparates in der Luft.
Schema des Fluges im Allgemeinen. Praktischer Flug
des Menschen.
Ein Brief vom Professor J. A. Jewnewitseli
Eine Aufgabe iiber den freien Fall eines schweren Punk-
tes, versehen mit einer Aéroplane,—in einem widerstehen-
den Medium.
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Vorbereitungen zu den Versuchen vom J. 1899. Missfall.
Protokoll der Versuche im J. 1809. Construierung des
Apparates vom 1899, Raumumfang des Ballons. Equili-
brieren mit dem Apparat. Aufstieg. Wendungen. Nieder-
gang. Ventil. Der fiihrende Mechanismus. Flug-Apparat
als Papier-Drache.
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Was kostet die Erzeugung des Wasserstoffs? Construk-
tion eines Apparates [iir die Erzeugung des Wasserstoffs
und des Eisenvitriols.
Praktiselic Abschiitzung des Flug - Apparates
Vom J. 1899 . . . . . S0 e el S
Einfachhelt der Jdee und Construktion des Apparates.
Gefahrlosigkeit. Portativitit. Bequemlichkeit der Leitung
des Apparates. Seine Dauerhaftigkeit. Sein Preis.
Die mutmasslichen Arvten der Anwendung des
Flug-Apparates vom Typus des Jalires 1899 . .
Jm Militirwesen. Jn der Marine. Fiir Voruntersuchun-
gen beim Baue von Eisenbahnen, Fiir topographische
Aufnahmen. Fiir Sport. Fiir Posttransport ete.
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Cap. VIII. Vergleicliende Tabelle der Wertliabscliditzungen
bei praktisclier Anwendung eines Luftscliiffes
Jjetzigen Typus und des Flugapparates vom
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NORWORT,;

JDer Bau eines _Allen zugdnglichen
und bequemen Luft-Flugapparates wird
eine neue Aera in der modernen Geschichte
der Kultur anbahnen=.

Mendeleyeff.

.Die einfachsten und zugleich vollkommen
sten Methoden zur Erlangung eines Zieles
werden gewihnlich zuletzt angewandt®.

Leer.

In der vorliegenden Schrift moechte ich den Leser mit dem
von mir iiber Luftschiffahrt gesammelten Material bekannt
machen und die Resultate meiner dreijirigen Arbeit mitteilen,
welche dem praktischen Studium, der weiteren Ausarbeitung und
der Propaganda des von mir erfundenen Luftschiffahrt-Apparats
gewidmet war. Dieser Schritt ist mir durch ungiinstige Um-
stiinde aufgedrungen, die mich zeitweilig daran hindern mit
meinen Arbeiten an das erwiinschte Ziel zu gelangen.

Meine Versuche des Jahres 1899 gestatten nur von neuem
dieselben Aufstellungen zu bestiitigen und etwas zu erwei-
tern, welche ich in meinem Berichte in der Naturforscher und
Aerzte-Versammlung 1898 in Kieft darlegte.

Diese Aufstellungen sind folgende:

1. Der Flug-Apparat meiner Erfindung giebt die Moglich-
keit durch ein aewsserst einfaches Mittel leichte Aufstei-
gungen zu einer erwiinschten Hohe und ganz gefahrlose Nie-
dergiinge in beliebiger Anzahl zu bewerkstelligen ohne Ballast
abzuwerfen, oder Gaz ausstrimen zu lassen.

148


bill
Typewriter
148


—L N s

2. Es ist die Moglichkeit gegeben den Flug bei Windstille
oder bei schwachem Winde activ zu leiten.

3. Der Apparat ermdglicht nach Belieben in den verschie-
denen Luftschichten den giinstigen Wind herauszufinden und
denselben zu benutzen.

4. Es ist miglich den Apparat, sobald er vorbereitet ist,
tiglich, zu jeder Stunde, wihrend 8—9 Tage zu benutzen
und endlich

5. In Betracht dessen, dass der Apparat billig, tragbar,
gefahrlos und von einfacher Construktion ist, kann man den-
selben bequem im praktischen Leben verwenden.

Ich gebe zu, dass diese Aufstellungen noch weit davon
entfernt sind die Aufgabe der Luftschiffahrt des Menschen im
ganzen Umfang des Problems zu lésen, aber sie niihern uns
in bemerkenswerther Weise seiner praktischen und cinfachen
Liosung. Ausserdem weisen uns, meiner Ansicht nach, diese
Resultate auf den Weg, welchen wir einzuschlagen haben,
um die niichste und einfachste praktische Lisung dieser Auf-
gabe zu erreichen.

Ich bestiitige heute, wie ich esschon frither that (siehe meinen
Bericht), dass in dem Studium der Entwickelung, in welchem
mein Flug-Apparat sich jetzt befindet, er nur einen Beginn zeigt,
bloss den ersten Schritt im Bereiche der Entwickelung schwerer
als die Luft wiegender Flug-Apparate, und dass meine Versuche
withrend der letzten 8 Jahre nur eine Vorbereitungsperiode des
praktischen Studiums und der Priifung der Jdee, der einzel-
nen Theile des Mechanismus, der atmosphirischen Bedingun-
gen und ihren gegenseitigen Beziehungen darstellen. Obgleich
der Apparat in seiner gegenwiirtigen Gestalt sehr einfach und
fiir jeden als leicht verstiindlich erscheint, soist doch, wie Bio
sagt, ,nichts einfacher als das, was gestern war, und nichts
complicierter, als das, was morgen sein soll“. ,Die Haupt-
frage“, sagt Flammarion, ,besteht nicht in dem Errathen, son-
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dern in der Realisierung einer ecinfachen Jdee, welche sich
dem Geiste, vielleicht schon seit Beginn der Welt, gezeigt
hat“.

Und dieses ,Morgen* verlangt nicht weniger ernste Arbeit,
als das ,Gestrige*, besonders, wenn man in Betracht zieht
dass das Problem ,praktisech* und nicht ,theoretisch® ge-
liist werden soll. Theoretisch fliegen die Menschen schon lingst
in der Luft gegen den Wind; die Frage der Luftschiffahrt its
fiir Sie schon geldst, sie ist nicht mehr in den ,kinderschu-
hen“. Aber das ist nur in der Theorie. Die Praxis ist eine
ganz andere Sphiire,—die Sphiire des Experimentes. Die Praxis
geht oft der Theorie voraus und sie wird sich oft ihren eige-
nen Weg zur Warheit bahnen. Vollkommen recht hat der
Kriegsgelehrte Prof. Leer, wenn er sagt: ,Die Theorie erklirt
nur, entscheidet aber nichts.....

Die Praxis ist unerbittlich: sie vernichtet alle complicierten
Luftschiff-Apparate ohne Ballon, welche sich gegen den Wind
bewegen und vielleicht auf Basis richtiger theoretischer Be-
rechnungen gebaut sind,—sie zerstort sie und verlangt, dass die
Arbeit von neuem begonnen werde und das man vem Einfachen
aum Complicierteren idibergehe. Die Geschichte der Luft-
schiffahrt ist {iberreich an derartigen hochmiithigen Versu-
chen und ihren Opfern.

Deshalb betrachte ich es als unmiglich und unerreichbar in
einem Augenblicke cinen Luftschiff-Apparat zu schafien, der im
Stande wiire vom ersten Fliigelschlage an selbst gegen denstarken
Wind zu fliegen, wie es unmdéglich war, momentan eine Locomo-
tive zu schaffen, die100 Kilometer pro Stunde zuriicklegen oder
ein Telephon, welches auf tausende von Kilometern wirkt.
Jeder Erfinder, der behauptet einen Luftschiff-Apparat in vol-
lendeter Form vorzulegen, tiiuscht sich dariiber zweifellos.

Nur eine langsame und allmithlige Ausarbeitung der Jdee
die Schritt fiir Schritt vorgeht, studiert und vervollkomm net
wird und dasimmer nwur auf dem Wege des Experimentes,
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giebt die Moglichkeit ,einen wirklich praktischen Luftschiff-
Apparat® zu schaffen. Meiner Ueberzeugung nach, hatte ich
recht, als ich diesen Weg einschlug, und nur Mangel an Mit-
teln und folglich die Unmdoglichkeit an der weiteren Ausarbei-
tung meiner Idee zu arbeiten zwingt mich meine Gedanken
und Pline hier darzulegen, in der geheimen Hoffnung, dass es
mir gelingen wird bei den Sachverstindigen fiir diese Ange-
legenheit ein Jnteresse zu erwecken und sie zu veranlassen,
sich mit mir fiir die weitere Ausarbeitung dieser ldee zu ve-
reinigen.
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I. CAPITEL.

Kurze Uebersicht iiber den Gang der Entwickelung dieser
Erfindung.

Schon als Studenten verfolgte mich die Jdee, dass man
sehr einfach und leicht einen Luftschiff-Apparat bauen kinnte,
der je nach Wunsch des Luftschiffers in die Liifte steigen, nie-
dergehen, unbeweglich bleiben und tiberhaupt lavieren wiirde,
ohne dass man Ballast abwirft oder Gaz austrémen liisst. Dieses ist
durch Verringerung des Gewichtes des Menschen, vermittelst
cines mit Wasserstoff gefiillten Ballons zu erzielen; aber doch
muss dabei ein gewisser Theil des Gewichts des Menschen durch
den Ballon nicht ins Gleichgewicht gebracht werden und die-
sen iitbrigen Theil hat der Mensch durch cigene, auf die Flii-
gel iibertragene Kraft zu heben: sobald der Mensch arbeitet,
steigt der Apparat in die Luft; wenn er zu arbeiten aufhort,
so geht der Apparat nieder. So oft ich spiiter auf diese Jdee
zlriickkam, sie tausendfach erwiigte, sie nach allen Richtungen
hinausarbeitete, immer erschien sie mir als klar, richtig und
unzweifelhaft. Jn der That, es lag zwischen dieser Vermuthung
und der praktischen Ausfithrung ein ganzer Abgrund, welchen
ich selbst im Triiumen nicht zu iiberspringen wagte. Jch erin-
nere mich diese Lieblingsidee ifters aus meiner verschlosse-
nen Schieblade hervorgezogen, sie durchgeblickt und wieder
verschlossen zu haben. Das wiihrte jahrelang.

1894 fasste ich den Mut ein kleines Modell anzufertigen.
Es schwebte gehorsam nach allen Richtungen hin, ganz nach
meinem Belieben. Viele sahen es, aber es fand sich Keiner,
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der mich durch die Wellen des Zuffals und des Wagespiels
begleiten wollte. Jm jahre 1897 demonstrierte ich noch ein Mal
mein Modell und fand einen Fremden — Herrn A. A. Pilstrem,
welcher den Mut hatte diese Erfindung materiell zu unter-
stiitzen, indem er diesen Beistand als humane Pflicht betrach-
tete. Moge sein edler Name mit dieser noch jungen aber
humanen That fitr immer verknipft sein!.....

Fig. 1.
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Jn demselben Jahre wurde der erste Versuch mit einem
wirklichen Flug-Apparate gemacht. Der Ballon wurde fiinf Tage
lang mit Wasserstoff gefiillt. Alles hing an einem Haare: wiirde
es gelingen den Ballon zu fiillen und der Versuch zu bewerk-
stelligen, ein weiter Horizont sollte dann sich fiir die kiinftigen
Arbeiten dffnen; wiirde es nicht gliicken ihn zu fiillen,—so wiire
Alles verloren. Das Schicksal erwies sich als giinstig: es ge-
lang einigermassen den Ballon zu fiillen und den Versuch ins
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Werk zu setzen. Jm letzten Augenblicke der Fiillung zerbrach
aber der Wasserstoff-Apparat,—aus einfachen Fiissern herge-
stellt—in Stiicke. Der Versuch gelang indessen; es wurde eine
Anzahl von Aufsteigungen und Niedergingen gemacht. Die
Jdee erwies sich als richtig. (Fig. I).

Aber das Schicksal wollte mich nicht mehr als ein Mal be-
giinstigen und eréffnete mir keinen weiteren Horizont;ich blieb
isoliert, und allein fuhr ich in meiner Arbeit fort. Jeh fing an
mich zu weiteren Versuchen im Jahre 1898 vorzubereiten,
aber mit mehr Entschlossenheit und Sicherheit.

Jeh will hier nicht von den Unvollkommenheiten meines
ersten Flug-Apparates sprechen, sie sind unzihlig. Er war
schwerfillig und recht sehr unelegant gebaut, erschien mir da-
mals aber in der Liiften als ein herrlicher Pegasus.

Der Mechanismus des Apparates von 1897 war zu schwer;
1898 machten wir ihn leichter, indem die Alluminium-Stahl-
réhren zur Anwendung kamen. Die netzartige Bekleidung des
Ballons war zu schwer und nutzlos; wir verwarfen dieselbe
ganz. Die Fliigel waren sehr plump, schwer nnd entfalteten
sich zu langsam in der Luft; wir machten sie leichter, an Um-
fang kleiner; sie konnten nun jalousienartig gediffnet und gesch-
lossen werden.

Die Versuche vom J. 1898 waren zahlreich, inhaltsreich
und lieferten ein reiches Material fiir meine spiteren Arbei-
ten. Jeh hatte nur einen Umstand zu beklagen: meine Mittel
gestatteten mir nicht, gleichzeitig mehrere Flug-Apparate ver-
schiedener Systeme zu construieren, um eine Reihe von verg-
leichenden Versuchen anzustellen, und, so zu sagen, mit einem
Schlage die positiven und negativen Seiten meines Flug-Ap-
parates aufzudecken.

Jm August desselben Jahres hielt ich iiber meine Arbeiten
einen Vortrag auf dem Naturforscher—und—Aerzte-Congress
in Kieff in der Subsektion fiir Luftschiffahrt, aber mein Vort-
rag blieb beinahe unberiicksichtigt.
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Jnzwischen erweckten meine Versuche die Neugierde ver-
schiedener Personen, welche begannen meine spiiteren Arbeiten
mit Jnteresse, aber schweigend zu verfolgen. Natiirlich fanden
sich Kritiker, welche meine Arbeit, die noch ,,auf halbem Wege*
war, als etwas in seiner Art Vollendetes ansahen und sich beeil-
ten dieselbe zu discreditieren. Man sagte, dass diese Erfindung
nichts Jnteressantes und Neues biete: dass mein Flug-Apparat
Lkeine Vorziige* (!) vor dem gewdhnlichen Ballon aufzuweisen

Fig. 2,

habe, dass der Ballon alt und seit langer Zeit bekannt sei, dass
man schon mehrfach Fliigel angewendet habe; dass die Jdee
selbst nicht neu sei und irgendwo auf einem Hintergofe®,
als ein ganz werthloses ,Ding“ hingeworfen, ihren Platz ge-
habt haben soll ete. ete.

Alles das betriibte mich natiirlich, aber nicht allzu sehr.
Jeh wusste, dass die IGitiker eine ,kleine* Neuerung ausser
Acht gelassen hattei, wa'che darin bestand, dass nicht ein
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Modell, sondern ein wirklicher Fluy- Apparat vom
grosseren als die Luft Gewichte thatsdichlich zum ersten
Male aufgestiegen war und laviert hatte. Jch wusste, dass
dieser Apparat in sich als Keim alle Vorbedingungen seiner spii-
teren schnellen Entwickelung trage und dass diese Entwickelung
nur eine Frage der Zeit sei. Gewiss, konnte ich von meinen Kri-
tikern nicht verlangen mit der Gabe des Voraussehens ausge-
stattet zu sein, ungeachtet der ,iussersten Anstrengungen
(ihrer) Einbildungskraft®.

Nichtsdestoweniger erreichte die Kritik ihren Zweck: sie
setzte der weiteren Entwickelung der Jdee und meinen Arbei-
ten recht bedeutende Hindernisse in den Weg, indem sie um
mich eine Atmosphiire von ertitendem Formalismus schuf.

Jetzt  werden aber die Anstrengungen dieser Personen,
welche die Rolle eines Herostratus beziiglich meiner Erfindung
gespielt hatten, nicht mehr im Stande sein, den Gang des
einmal in Bewegung gesetzten Rades aufzuhalten, und kin-
nen iiberzeugt sein, dass ,das letzte Wort* nicht ihnen zu-
kommen werde......

Der Apparat des Typus von 1898 befriedigte mich jedoch
nicht: 1) die Handhabung der Fliigel war fiir den Luftschiffer
ermiidend; 2) die Schwingung der Fliigel nahm zu viel unpro-
ductive Zeit fiir deren Hebung in Anspruch;3) der Fliigelschlag
auf die Luft beanspruchte einen unproductiven Verlust an Kraft
fiir das Spannen der Springfedern zur Hebung der Fliigel; 4) Der
Ballon, in seiner horizontalen Lage, verbrauchte einen grossen
Theil der Arbeit des Luftschiffers, indem er im Momente des
Aufstieges als eine recht ungiinstige Segelung gegen den Wind
erschien ete. ete.

Ein neuer Typus von einem Flug-Apparate fing allmiihlig
an sich in meinem Geiste zu combinieren und ich schritt an
seine Verwirklichung. Die Grundsitze dieses neuen Flug-Ap-
parates von 1899 sind im folgenden Capitel dargestellt.
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Il. CAPITEL.

Grundzage des Flug-Apparates des Typus von 1899,

Als ich das Construieren meines verbesserten Flug-Appa-
tes begann, musste ich mir natiirlich von Allem das klar ma-
chen, wie man seinen Flug mit diesem Apparate ausfithren,
wie man steigen, sinken, in beliebigen Richtungen fliegen und
iiberhaupt lavieren werde.

Der allgemein gebriuchliche Typus des lenkbaren Flug-Ap-
parates mit Ballon, stellt einen horizomtal angelegten Ballon
dar. Der allgemeinen Aussicht der Specialisten gemiiss, verlangt
unbedingt eine solche Construction einen kriftigen und leich-
ten mechanischen Motor, welcher leider bis jetzt noch nicht
existierte. Die Verwendung aber einer so schwachen und unbe-
deutenden Kraft, wie die des Menschen, wiirde bei einem sol-
chen Systeme keine Wirkung hervorbringen. Das Alles un-
terliegt keinem Zweifel.

Jst es aber moglich, dass die Menschen gezwungen seien,
durchaus einen miichtigen Motor abzuwarten und nicht kon-
nten fiir's erste wenn auch dahin gelangen einen Flug mittelst
eines kleinen Motors zu vollzichen? Unstreitig, kann das ge-
schehen. Dann miissen aber die Jdee und die Construction
des Flug-Apparates ginzlich modificiert werden.

Dawir uns das Ziel gestellt haben, jetzt sogleich einen lenkbaren
Flug-Apparat zu schaffen mit den Mitteln, die wir gegenwiirtig
zu unserer Verfiigung haben, sind wir unwillkiirlich gendthigt,
als Motor, die Kraft der Muskeln oder das Gewicht des Men-
schen selbst zu benutzen. Wenn man einen Flug-Apparat vom
geringen Kraftbedarf construiert, wird es in der Zukunft nichts
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allzuschweres sein, die Kraft des Menschen durch irgend einen
mechanischen Motor zu ersetzen, sobald ein solcher erfunden
werden sollte. Derjenige Flug-Apparat, welcher mit einer
kleinen bewegenden Kraft in einer befriedigenden
Wewse arbeiten wird, muss unbedingt bei weitem bes-
ser mit einem viel krdftigeren Motor functionieren.

Der Apparat welchen ich in diesem Jahre (1899) construiert
habe, besteht aus 8 Grundelementen: 1) dem Motor a; 2) dem
Ballon » und 3) der Aéroplane ee. Deren gegenseitige Stel-
lung zu einander erhellt aus der Zeichnung IIL

Als Motor kann ein jeder, zu diesem Zwecke geeignete me-
chanische Motor dienen, und, falls ein solcher fehlt,—der Mensch
selbst. Den fithrenden Mechanismus kénnen die Fliigel oder eine
Propeller-Schraube bilden.

Fig. 3.

Wenn der Mensch auf die Fliigel oder auf die Schraube
wirkt, so kann er nur einen Theil seines Gewichtes zum stei-
gen bringen; es ist daher augenscheinlich, dass, um sich in
die Athmosphiire zu heben, es ihm unvermeidlich wird, sein
iibriges Gewicht auszugleichen, was durch Anbringung einer
Aufsteigungs-Hilfskraft in der Gestalt eines mit Wasserstoff
gefiillten Ballons erlangt wird. Dieser Ballon ersetzt nur dem
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Motor (dem Menschen) seine mangelnde Hebekraft, er erscheint
nur wie ein zeitweiliges Supplement und wird verschwinden, so-
bald ein neuer Motor im Stande sein wird das Gesammtgewicht
(sein eignes, das des Menschen und des Mechanismus) zu he-
ben. Wenn wir zu diesem Punkte anlangen, erlangen wir
einen ,wirklich praktischen Flug-Apparat“, welcher das Pro-
blem des Fluges in seinem ganzen Umfange losen wird.

Jeh werde das durch den Ballon gehobene Gewicht, um
kurz zu sein, ,passives Gewicht“, das aber durch die Arbeit
des Motors (des Menschen) gehobene — ,actives Gewicht®
nennen.

Das ,active Gewicht“ ist der Fundamentstein des ganzen
Principes des in Frage stehenden Flug-Apparates, und je gris-
ser es sein wird, desto vollkommener wird der Appa-
rat werden. Jndem das ,active Gewicht® durch die Arbeit des
Motors emporgehoben wird, vermehren wir den Vorrath der po-
tenziellen Energie, die, wenn derselbe niedergeht, sich in ky-
netische Energie (lebendige Kraft) verwandelt.

Wiihrend der ganzen Zeit, wo der Motor ,das active Ge-
wicht* emporhebt, oder es in der Luft equilibriert,—wird im
ersten Fall der Apparat fortfahren zu steigen, im zweiten
Falle bleibt er im Equiliber. Vom Momente, wo der Motor, na-
chdem er das ,active Gewicht® emporgehoben hatte, seine
Arbeit abbrechen wird, geht der Apparat zur Erde nieder, da
er der Thitigkeit einer Kraft unterworfen ist, die mit dem
yactiven Gewichte* gleichwiegend ist.

Die niichste zu lisende Aufgabe bestand darin, die Arbeit des
Motors in die giinstigeren Bedingungen fiir das vollstiindigste
Utilisieren seiner Kraft einzubringen. Die einfachste Ueberlegung
bringt uns auf den Gedanken, dass die beste Form fiir dieses
volle Utilisieren darin bestehe, dass man seine Arbeit aus-
schliesslich auf die Emporhebung des ,activen Gewich-
tes" concentriere. Dieser so einfache Grundsatz ist fiir den in
Frage stehenden Flug-Apparat als Basis angenommen.
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Jndem man von diesem Grundsatze ausgeht, muss man
sich zuerst bemiihen, alle damit nicht zusammenhingenden
Umstiinde zu entfernen, welche auf die eine oder die andere
Weise die vollstindig niitzliche Durchfiihrung der Arbeit des
Motors beeintriichtigen kinnten. Jn dieser Beziehung ruht das
hauptsiichlichste Hinderniss in der horizontalen Lage des Bal-
lons, das heisst, in seiner oberen Fliche, die beim Aufstiege
einem grossen Luftwiderstande begegnet. Die Versuche von
1898 haben mir bewiesen, dass vielleicht ein grosser Theil
der Arbeit des Motors durch die nachtheilige Segelung des
Oberteils des Ballons nutzlos verbraucht wird.

Die verticale Lage des Ballons mit der oben zugespitzen
Vorderseite priisentiert sich dagegen als die einfachste Lisung
dieser Aufgabe: der Widerstand der Atmosphiire, welchen er
beim Aufsteigen trifft, wird der geringste sgin. Die weitere
Verringerung des Widerstandes eines vertikalen Ballons wird
sich in unvermittelter Abhiingigkeit von der Verringerung
seiner transversalen Section befinden; praktisch wird diese
Verringerung der transversalen Section des Ballons selbstver-
stindlich durch seine Oberfliche und sein Gewicht begrenzt,

Also, die durch die Versuche bestiitigten theoretischen Er-
wiigungen zeigen, dass die Concentrierung der Arbeit des
Motors fin die Emporhebung des Gewichtes und die
vertikale Lage des Ballons, die Bedingungen bilden,
welche fir einen vortheilhaften Awufsticqg des Flug-Ap-
parates, welcher schiwerer als die Luft ist, erforder-
lich sind.

Der in die Luft gestiegene Apparat wird, sobald die Ar-
beit des Motors aufhirt, gleich einem frei fallenden Kéorper
in einem widerstehenden Medium, beginnen, mit steigender
Schnelligkeit zur Erde zu fallen. Auch in diesem Falle wird
der Ballon zum Gegenwinde schon mit seiner unten zuges-
pitzen Vorderseite gekehrt sein und folglich verhiiltnissmiissig
die am wenigsten nachtheilige Segelung repriisentieren.
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Je griosser das ,active Gewicht® des Apparates ist, und je
bedeutender die Hohe sein wird, von der derselbe zu fallen
beginnt, desto grosser wird die potenzielle Energie des Appa-
rates sein, und folglich kann auch die kynetische Energie wiih-
rend des Falles griosser werden, so dass, unter gewissen Be-
dingungen, die Bewegung des Apparates eine durchaus
schnelle werden und das Leben des Menschen, wie auch die
Erhaltung des Apparates getiihrden kann. Diese Schnelligkeit
beim Niedergange kann indessen in eine geregelte, vermittelst
einer Fallschirm-Aeroplane, umgewandelt werden. Die Rolle
der Aeroplane ist dabei klar und bedarf daher keiner Eror-
terung. Nachdem man sich die Mechanik der Bewegung
beim Aufstiege und heim Niedergange des Apparates klar ge-
macht hat, erweisen sich alle iibrige Formen des Fluges: des
progressiven Fluges, des Fluges gegen den Wind ete., als
logische Folgen fiir die Ausnutzung dieses fundamentalen
Principes.

Der Klarheit wegen, werde ich den ganzen Flug des Appa-
rates in getrennten Momenten und jeden an und fiir sich ana-
lysieren. Diese Momente sind folgende:

1) Aufstieg des Apparates in die Luft.

2) Vertikaler Niedergang.

3) Untersuchung der giinstigen Winde und Festhaltung
des Apparates in der Luft im Equiliber (in einer vertikalen
Ebene lavierend).

4) Progressiver Flug bei ruhigem Wetter (in einer horizon-
talen Ebene lavierend).

5) Progressiver Flug gegen den Wind.

6) Bestindige Beibehaltung des Equilibers des Apparates.

7) Das Gesammtbild des Fluges im Allgemeinen.

8) Der praktische Flug des Menschen.

I. Aufstieg des Apparates in die Luft.

Der Leser kann sich nach dem obengesagten klar dariiber

werden, unter welchen Bedingungen man die vortheilhaftesten
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Aufstiege des Apparates in die Luft erlangen kann. Daraus
folgt ebenso klar, dass dieser Aufstieg durchaus vertical ge.
schehen muss. Nur unter dieser Bedingung ist es moglich, den
griossten Nutzen von der Arbeit des Motors zu ziehen und das
yactive Gewicht* bis zur grisseren Hiohe zu heben. Jeder Ver-
such von dem vertikalen Aufstiege abzuweichen, um dem Ap-
parate gleichzeitig eine progressive Bewegung in der horizon-
talen Richtung zu geben,wird eine Erhthung der Arbeit des
Motors nach sich ziehen, die erforderlich sein wird, um das
Jactive Gewicht* zu einer gegeben Hohe emporzuheben.

Beim Aufstiege zu einer grisseren Héhe, muss der Motor
in einer viel verdiinnteren Athmosphire arbeiten und daher auch
eine um so hoher gespannte Aufsteigungskraft entwickeln, je
bedeutender ist die vom Aéronauten zu erreichende Hohe.

Wiihrend des Aufstieges des Apparates in die Luft, muss
die Aéroplane den mioglichst geringen Widerstand der ihr be-
gegnenden Luft bieten. Zu diesem Behufe besteht die Aéro-
plane in dem erwiihnten Apparate aus einer Reihe von dreh-
baren Jalousien, die man in einen beliebiegen Winkel stellen
kann (s. IV Capitel). Ein Handgriff setzt alle Jalousien mit
dem Rande gegen den Wind und automatisch befestigt die-
selben withrend der ganzen Dauer des Fluges (Zeichn. III cc.).

2. Niedergang des Apparates.

Ganz ebenso wie die bewegende Kraft des Motors und des
Ballons wiihrend des Aufstieges des Apparates die hauptsii-
chliche Rolle spielt, spielt diese Rolle beim Niedergange das
sactive Gewicht* und die Aéroplane. Wie schon oben gesagt
wurde, wenn die Arbeit des Motors aufhort, beginnt der Ap-
parat zur Erde niederzugehen durch die Wirkung der Kraft,
die mit dem angesammelten ,activen Gewicht* gleich-
wiegend ist.

Man wird weiter sehen, wie wichtig ist die Nothwendigkeit,
die den Apparat zum Niedergange treibende Kraft, besonders
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bei dem progressiven Flug in horizontaler Richtung, zu erho-
hen. Man kann diese Erhchung erreichen, wenn man den Mo-
tor (oder genauer—den Beweger) zwingt, in der entgegensetz-
ten Richtung sich zu drehen, als die, in welcher er sich beim
Aufstiege drehte.

Jeder fithrende Mechanismus und um so mehr eine Pro-
peller-Schraube kann immer fiir die Ausfiihrung dieser Funk-
tion geeignet werden.

Der fithrende Mechanismus des Typus von 1899 war ge-
rade in dieser Weise construiert und richtete seine bewegende
Kraft je nach dem Willen des A&ronauten, nach oben, nach
unten, vorwiirts und riickwiirts, vermittelst eciner einfachen
Drehung des Handgriffs.

Die neue Triebkraft, welche sich wiihrend der entgegenge-
setzten Thiitigkeit des Motors,—wiithrend des Niederganges, ent-
wickelt, werde ich ,actives latente Gewicht” benennen.

Der Mensch, der mit dem fithrenden Mechanismus zum
Aufstiege und Niedergange arbeitet, kann im letzteren Falle
die Kraft, welche den Apparat zum Sinken treibt, verdoppeln,
da das ,active latente Gewicht“ dem ,activen Gewichte"
gleich sein kann, beider Unverinderlichkeit der Arbeitsbedin-
gungen des Menschen.

Die Versuche des berithmten gelehrten Aéronauten Otto
Lilienthal haben gezeigt, dass der Mensch durch die Thiitigkeit
seiner Muskeln auf die Fliigel bis 40 kilogrm. emporheben
kann, d. h., ungefihr die Hilfte seines eigenen Gewichtes *);
folglich kann man annechmen, dass er 15—20 kilo mit Leich-
tigkeit emporheben kann; und wenn der Apparat niedergeht,
kann er mit ciner 30—40 kilo gleichen Kraft fallen,—auf Grund
der Bewegung des Motors in entgegengesetzter Richtung. Der
Ernst der Rolle, welche dieser Zuwachs der Kraft des Nieder-
ganges spielt, erhellt aus Folgendem.

#) Der Vogelflug ete. S. 43.
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Um beim Niedergange des Apparates zur Erde den Stoss
zu vermeiden, benutzt man die Aéroplane, indem man dieselbe
in einen Fallschirm verwandelt. Zu diesem Behufe stellt man
die Jalousien des Apparates durch eine Drehung des Hand-
griffes horizontal. Jn Folge dessen verwandelt sich das Fallen
des Apparates mit beschleunigter Schnelligkeit in ein Sinken
mit nahezu ausgeglichener Geschwindigkeit. Jn einigen Fiil-
len wird es aber geniigen, einige Riickdrehungen der Schrau-
be oder der Fliigel zu thun (Riick-Schlag).

3. Das Lavieren in einer verticalen Ebene.

Das Mandvrieren withrend des Aufstieges, um giinstige
Winde aufzufinden, gehirt zu den einfachsten Handhabungen
dieses Apparates. Die Thatsache, dass der Aufstieg des Appa-
rates in die Luft auschliesslich von der durch den Motor
erzeugten Steigekraft abhingt (im vorliegenden Falle die des
Menschen), wird es verstiindlich, dass, indem man diese Kraft
verringert, man den Apparat in jeder Hohe, nach Belieben
equilibrieren und sich ausserdem der Aéroplane bedienen kann
wobei man dieselbe in einen Fallschirm verwandelt.

Die . Leichtigkeit des Manivrierens mit diesem Apparate
wiithrend der Auf—und Niedergiinge ohne das Abwerfen von
Ballast und das Ausstrimenlassen von Gaz, ecinerseits, und,
andererseits, der geringe Aufwand der Arbeit des Motors, um
den Apparat in der gewiinschten Hohe zu erhalten,—das Alles
wird die Basis fiir die ausgedehnteste und gebriuchlichste
Anwendung dieses Flug-Systemes fiir des Menschen Reisen
in der Luft und ganz besonders fiir danernde Fahrten sein.
Jeh werde iiber diesen Gegenstand in der den praktischen Flug
behandelden Abtheilung ausfiihrlicher sprechen.

4. Wihrend des ruhigen Wetters in der horizontalen Rich-
tung lavierend.
Der Flug-Apparat vom Jahre 1899, an welchem ich arbeite,
ist schon durch seine Natur durchaus nicht geeignet fiir active
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horizontal-progressive Fliige: Der vertikal gestellte Ballon bie-
tet mit seiner Seitenfliche einen ungeheuren Widerstand
dem Gegenwinde, daher muss das fiir die Verriickung des
Apparates gewdhnlich angewendete System vollstindig aufge-
geben werden.

Der progessive Flug in der horizontalen Richtung®) beginnt
vom Momente an, in welchem der in die Luft gehobene Ap-
parat beginnt zur Erde niederzugehen. Die Erlangung der
horizontal-progressiven Bewegung beim Fallen hat der Apparat

Fig. 4.

— 8

& A
der Aeroplane zu verdanken. Hiezu geniigt es, alle Jalousien
der Aéroplane durch eine Drehung des Handgriffs in einen
gewissen Winkel zur Vertikalen zu bringen; dann veriindert
sich, beim Niedergange des Apparates, ein gewisser Theil des
Widerstandes der Luft, der auf die Aéroplane wirkt, in die in
horizontaler Richtung propellierende Kraft.

*#) Jeh bezeichne durch ,progressive Bewegung®, ,horizontale Rich-
tung®, ,horizontale Oberfliche“ stets die Bewegung in horizontaler Pro-
Jjection,
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Mit der Erweiterung der Neigung des Winkels der Jalousie
zum Horizonte, wird sich die Linie des progressiven Nieder-
ganges, withrend das ,active Gewicht“ dasselbe bleibt, der ver-
tikalen Linie niihern, und umgekehrt. Wenn aber der Nei-
gungswinkel der Jalousie unverindert bleibt, vollzieht sich der
progressive Niedergang mit um so griosserer Geschwindigkeit,
je grosser ist das ,active Gewicht®.

Auf diese Weise wird der Neigungswinkel des Apparates
zur Erde und die Geschwindigkeit dieses progressiven Nieder-
ganges, von zwei Faktoren und ihrer wechselseitigen Bezie-
hung,—von der Grosse des ,activen Gewichtes® und dem
Neigungswinkel der Jalousie,—abhiingig sein.

Der Apparat, der sich jetzt unter dem Einflusse der beiden
Kriitte befindet: des Gewichtes P und der propellierenden Kraft
der Aéroplane R, sinkt nach der Resultante dieser beiden
Kriifte S. (Zeichn. IV).

Man kann mit Ueberzeugung bestitigen, dass wenn man
die Jalousien der Aéroplane in einen gewissen Winkel (theore-
tisch 3°—15Y% zum Horizonte stellt, so kann man ein ganz
sanftes Sinken erreichen, d. h. einigermassen &hnlich dem
Schweben eines Vogels.

Der ganze Hergang des progressiven Sinkens des Appara-
tes, seine Geschwindigkeit und seine Stabilitit, hingen vor Al-
lem und hauptsichlich von der Grisse des jactiven Gewich-
tes“ P ab. Je grosser dieses P sein wird, um so viel mehr wird
der Apparat vollkommen, stabil und fihig eine viel gros-
sere Fluggeschwindigkeit zu entwickeln sein.

Es wurde oben behauptet, dass man die Kraft des Nieder-
ganges des Apparates beinahe verdoppeln konne, wenn man
den Motor zwingt nach der Riickseite zu arbeiten. Man kann
aber ebenso den Motor in der horizontalen Richtung thiitig
machen, wie einen Propeller. Dann wird sich mit der Kraft
R die Kraft Q des Motors vereinigen (Zeichn. V).
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Auf diese Weise wird sich der Apparat in seinem progres-
siv-sinkenden Fluge, unter dem Einflusse der drei Kriifte: P,
Q und R befinden.

Man kann sich nun die Frage stellen, wie erweist sich der
Ballon wihrend des progressiv-sinkenden Fluges?

Der Ballon ist in diesem Falle ein Hinderniss, in folge des
grossen seitlichen Widerstandes und wenn er wiihrend des
Niederganges ganz verschwiinde, wiirden wir einen idealen
Flug-Apparat haben, der nur aus einem Motor und einer Aéro-
plane zusammengesetzt wiire. Vielleicht wird es in der Zukunft
verwircklicht werden.

Fig. 5.
—a
—a@
-
9

Wiihrend des vertikalen Niederganges des Apparates, wird
der Ballon natiirlich seine vertikale Lage beibehalten und seine
lange Liingsachse wird mit der Richtungslinie der Bewegung
des Apparates zusammentreffen.

Dieser Umstand wird beim Niedergange des Apparates in
geneigtem Plane nicht eintreten. Jn allen diesen letzteren Fil-
len wird der obere Theil des Ballons, unter dem Einflusse des
Widerstandes der Luft, die auf die Vorderseite wirkt, in sei-
ner progressiven Bewegung zuriickgehalten, nidhmlich, hinter
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der vertikalen Linie, welche durch den ganzen Apparat geht,—
zuriickbleiben, und riickwiirts un so viel abweichen, dass seine
Liingsachse sich der Fluglinic NS des Apparates niihern und
vielleicht sogar mit ihr zusammentreffen wird (Zeichn. VI). Jn
Folge dieser Abweichung wird der Ballon stets durch sein spitzes
Ende zum Gegenwinde gerichtet und eben deshalb den gerin-
gsten Widerstand bieten.

Fig. 6.

J'f'\‘w

Jn welchem Winkel auch immer der Apparat zum Hori-
zonte sinke, es wird der Ballon stets riickwiirts in einem bes-
timmten Winkel abweichen, je nach der Kraft des Luftwi-
derstandes ¢ und der Aufsteigungskraft des Ballons 4, einer-
seits, und der propellierenden Kraft B und @, andererseits,—
welche ein Kriiftepaar bilden, die bestrebt sind den Ballon um
seine kurze Achse zu drehen. Es muss auch bemerkt werden,
dass die Linge der Verbindung W zwischen dem Ballon und
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der Aéroplane ebenfalls auf die Leichtigkeit der Abweichung
des Ballons wirken wird.

Mittelst gewisser Vorrichtungen kann man technisch erlan-
gen, dass die Liingsachse des Ballons, in jedem Winkel (der
nicht einen gewissen Grad iiberschreitet) des progressiven
Niederganges zum Horizonte, stets mit der Richtungslinie des
Fluges correspondieren wird.

Jech muss noch einen sehr wichtigen Umstand erwiihnen,
welcher wiithrend des progressiven Niederganges des Fluges
eintritt. Von dem Momente an, wo der Ballon, einerseits, unter
der Wirkung der propellirenden Kraft auf den untern Theil
desselben,—und, andererseits, durch die dem obern Theil des
Ballons entgegenstrommende Luft—von seiner vertikaler Linie
abzuweichen beginnt, so beginnt demgemiiss auch die Vermin-
derung der unterstiitzenden Kraft des Ballons. Gleichzeitig
wird der Apparat beginnen schwerer zu werden. Dieses Schwe-
rerwerden des Apparates geschieht jetzt auf Rechnung des
»passiven Gewichtes“, welches frither vom vertical stehenden
Ballon emporgehoben wurde. Dieses neue Gewicht, auf dessen
Kosten sich der Apparat erschwert, und als das Resultat der
Abweichung des Ballons erscheint, werde ich ,latentes pas-
sive Gewicht“ benennen.

Wenn wir vom Princip des in Frage stehenden Flug-Ap-
parates ausgehen, so wird es fur uns klar sein, dass das Schwe-
rerwerden des Apparats,—worin auch immer seine Ursache
bestehen mag, wird fur die Kraft und Geschwindigkeit des pro-
gressiven Niederganges, wie auch fiir die Stabilitit des Appa-
rates in der Luft, stets erwiinscht und niitzlich sein. Selbst
schon das Wesen des Prinsips macht uns klar, dass der Forts-
chritt des Apparates sich in directer Abhiingigkeit vom Grade
der Beschwerung des Apparates withrend seines Sinkens be-
findet und je dieselbe grisser sein wird, desto vollkommener
wird der Apparat sein: damit er stirker sei, als die
Luft, muss er schawcerer sein als dieselbe.
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5. Der progressive Flug gegen den Wind.

Der Mechanismus des Fluges im Allgemeinen bleibt wiih-
rend des Windes im Wesentlichen derselbe, wie wiihrend des
ruhigen Wetters. Die innern Krifte des Apparates und deren
gogenseitige Beziehungen bleiben ohne Veriinderung und auch
unabhiingig davon, ob der Wind vorhanden ist, oder nicht.
Bigentlich unterscheidet der Apparat, der sich von der Erde
entfernte, keinen Wind. ,Der Wind existirt nicht fiir den Aéro-
nauten“—sagt eine bedeutende Autoritit im Bereiche der
Luftschiffahrt, Ch. Renard: ,Alles vollzieht sich so, als ob die Luft
vollstandig unbeweglich wire und die Erde unter seinen
Fiissen mit einer dem Winde gleichen Geschwindigkeit glei-
tete“ *).

Folglich werden die Bedingungen des Fluges gegen den
Wind einfach und klar, wenn man die Frage so stellt: kann
der Apparat in einer stillen Athmosphdre cine derartige pro-
gressive Schnelligkeit (in der horizontalen Projection) entwi-
ckeln, um einen bestimmten festen Punkt auf der Erde, der
mit einer bestimmten Geschwindigkeit sich forthewegt, einzu-
holen und selbst zu iiberholen? Wenn also die Frage in dieser
Weise gestellt wird, so wird es fiir den Leser verstindlich,
dass der Mechanismus des Fluges bei Wind und bei Stille,
immer der gleiche bleibt; was in einem gewissen Masse der
Veriinderung unterliegt, so sind das die Bedingungen, unter
welchen man den bestimmten Erdpunkt erreichen kann: wenn
die durch den Apparat entwickelte Geschwindigkeit des pro-
gressiven Fluges geringer ist,als die des flichendes Punktes der
Erdoberfliiche, so sagen wir, dass der Apparat den Gegenwind
nicht tiberwinden kionne, und umgekehrt.

Jn der Fihigkeit des Apparates die Geschwindigkeit seines
progressiven Fluges zu entwickeln oder zu vergrissern be-
steht auch iiberhaupt der ganze Fortschritt in der Construction

*) Journal des Jngenieurs 1891. Ne 6 u. 7 Seite 896.
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eines jeden Flug-Apparates. Jn unserem Falle wird dieser
Fortschritt hauptsiichlich vom Grade der Beschwerung des
Apparates abhingig sein, abgesehen davon, unter welchen
Bedingungen diese Beschwerung entstehen mag.

Je grosser wird diese Beschwerung sein, desto gros-
sere Gesclhavindiglkeit wird der Flugapparat bei seinem
progressiven Niedergange zu entwickeln und folglich,
auch die immer grossere Geschwindiglheit des Gegen-
windes zu itberwinden—im Stande sein.

Wir haben schon gesehen, dass die Kraft des Niedergehens
des ,aktiven Gewichtes“ durch die Hinzufiigung der Kraft des ,la-
tenten activen Gewichtes* fast verdoppelt werden kann; aus-
serdem kann sie auch durch die Kraft des ,latenten passiven
Gewichtes® vegrissert werden und alle diese Kidifte befin-
den sich in der Gewalt des Luftschiffers sogar bei der
Anwendung eines so schawwachen Motors, wie der Mensch
selbst.

Jndem, wie wir gesehen haben, der Mensch durch die
Kraft seiner Muskeln bis 20 kilo Gewicht in die Héhe heben
kann, so kann dieses Gewicht beim progressiven Niedergange
des Fluges bis auf 50—60 kilo vergrissert werden, was schon
eine recht bedeutende Kraft des Sinkens giebt, wenn man dabei
den geringen Widerstand beriicksicht, den der untere zuge-
spitzte Theil des Ballons, gehiillt in eine Karkasse, leistet.

Wiihrend des progressiven sinkenden Fluges gehirt die
erste Rolle der Aéroplane, deren Bedeutung von einer sehr
grossen Wichtigkeit ist. Die Aéroplane ist ein ebenso wesentlicher
und unwandelbarer Bestandtheil des Flug-Apparates, wie der
Motor, und wird es auch immer sein. Mit dem Erscheinen aber
eines vollstiindig dazu angeeigneten, einfachen, leichten star-
ken und gefahrlosen mechanischen Motors und seiner Anwen-
dung fiir den Flug-Apparat wird die Periode der Quantita-
tiven Vervollstindigung des letzteren beginnen, welche
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sich in der Verstarkung des Effektes dussern wird; doch der
Grundgedanice dicses Flug-Apparates wird unverdn-
dert bleiben.

6. Die Stabilitit des Flug-Apparates

Die Frage von der Beibehaltung der Stabilitit des Flug-
Apparates ist sehr wesentlich und von grosster Wichtigkeit.
Die traurigen Resultate der Versuche, die mit den Apparaten
ohne Ballon angestellt waren, bezeugen es, wie schwierig es
ist die Stabilitit zu erlangen und wie unsicher--einen Stiitz-
punkt im Widerstande der Luft zu suchen.

Viel leichter erlangt man die Stabilitit mit lenkbaren Bal-
lon-Flug-Apparaten, welche leichter als die Luft sind und wo
der Ballon, von linglicher Form, horizontal angebracht ist.

Aber auch hier prisentiert sich die ,Labilitit der Linge
nach®, die von der Bewegung des Wasserstoffes im Ballon
abhiingt, nach dem Ausdrucke von Ch. Renard,—wie ,ein
miichtiger Feind“. Dieser ,Feind“ wird desto drohender, je
mehr die Linge des Ballons auf Kosten seines Diameters, zum
Zwecke der Verminderung seines Widerstandes beziiglich des
Gegenwindes, vergrossert wird. Zwar erwiithnt Ch. Renard einer
von seinen Vorrichtungen, welche die ,Labilitit der Linge
nach“ aufhebt, doch hiilt er dieselbe geheim (Jbid. S. 913).

Wiihrend meiner Versuche mit einem horizontal angelegten
Ballon im Jahre 1898, habe ich die ,Labilitit der Linge nach*
im bedeutenden Masse paralysiert und zwar durch die An-
bringung einer Reihe von seidenen Quer-Scheidewiinden im
Jnneren des Ballons, welche die Lageverinderung des Gazes
zu verhindern haben. Dieses System wurde in demselben Jahre
von mir privilegiert.

Diese Vorrichtung erweist sich aber als ungeniigend; wenn
der Apparat progressiv-horizontal mit einer bestimmten Gesch-
windigkeit flichen soll, so wird der Gegenwind einen ungleich-

missigen Druck auf die beiden Arme dieses ,empfindlichen
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Hebels“ (Ch. Renard),—als welcher sich der lingliche Bal-
lon priisentiert,—ausiiben und, als Folge dessen, wird das
Stampfen unvermeidlich.

An sich wiirde es keine grosse Schwierigkeit bieten, aber
der mit dem Ballon eng verbundene Propeller wird dabei schon
nicht mehr im Stande sein in streng horizontaler Fliche zu
arbeiten; indem er gleichzeitig mit dem Ballon schwankt, wird
er seine bewegende Kraft in seiner Thiitigkeit nach verschie-
denen Flichen verschwenden.

Dieses Schwanken zu paralysieren ist es miglich, bei einem
steifem Systeme des Apparates, durch automatische Versetzung
des Gewichtes (des Aéronauten) lings dem Ballon, wie es von
mir im Jahre 1898 privilegiert wurde.

Alle diese nebensichlichen unbequemen Erscheinungen,
die mit dem horizontal-angelegten Ballon verbunden sind,—
erschweren in einem bedeutendem Masse und complicieren doch
die Construction eines derartigen Flug-Apparates, welcher dem-
gemiiss ausser der Moglichkeit gesetzt wird, dem Haupterfor-
dernisse der praktischen Anwendung im Leben —,der Einfach-
heit und der Zugiinglichkeit fiir Alle“,—zu entsprechen.

Mittelst der Construction eines Flug-Apparates vom Typus
des Jahres 1898, mit einem verticalen Ballon, mache ich mich
vollstiindig frei von der Sorge um die Erhaltung des stabilen
Gleichgewichtes. Der verticale Ballon ist gewissermassen das-
selbe, was eine Ochsenblase auf dem Wasser ist, welche ein
unten angehiingtes Gewicht in stabilem Gleichgewichte erhiilt.

Die Zweckmiissigkeit einer derartigen Construction zur
Erlangung der Stabilitit des Apparates ist so klar und einfach,
dass ich es fiir iiberfliissig erachte noch linger dariiber zu
sprechen. Nach einer treffend-richtigen Bemerkung des Leute-
nanten M. N. Bolscheff )—_ erscheint hier der Ballon als Wiir-
terin, die das Kind zum Gehen unterstiitzt“.

1) M. N. Bolscheff. Vorlesungen iu der Militir-Marine-Versammlung
in Sevastopol 1899 und in der Militir-Versammlung in Charkow im dem
selben Jahre gehalten.
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Mit der Zeit, wenn ein vollstindig geeigneter Motor erschei-
nen wird, wird die Hilfe dieser Wiirterin,—des Ballons, iiber-
fliissig sein und es wird der senkrecht wirkende Propeller, der
durch einen starken Motorin Bewegung gesetzt wird, das ganze
Gewicht in seinem ganzen Umfange zu heben im Stande sein;
dann wird er selbst den Stiitzprunktin der Luft geben und den
ganzen Apparat im stabilen Gleichgewichte erhalten.

7. Das Schema des Fluges im Allgemeinen.

Das Schema des ganzen Fluges kann durch die folgende
krumme Linie ausgedriickt werden:

Fig. VIL

Schwarze Linie bezeichnet den Flug wiithrend des stillen
Wetters.

Punktierte Linie—den Flug withrend des windigen Wetters.

Beim stillenw Wetter: Die Aufsteigung von der Erde—
vertical. Nach der Anlangung von einer gewissen Hohe, hiilt
man die Arbeit des Motors an und bringt die Jalousien der
Aéroplane in einen bestimmten Winkel. Von diesem Momente
an beginnt der progressive Niedergang des Apparates unter
einem gewissen verinderbaren Winkel zum Horizont. Ohne
die Erde zu beriihren, liisst man wieder den Motor fiir
den Aufstieg arbeiten und stellt die Jalousien der Aéroplane
senkrecht mit dem Rande auf. Es stellt also dieser Flug in
seiner einfachsten Form eine Art wellenartiger Linie (Wellen-
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flug) dar, die aus einer Reihe beinahe verticaler Steigungen
und sanfter Neigungen besteht.

Beim Gegenwinde: Wihrend einer senkrechten Steigung
von der Erde wird der Apparat vom Gegenwinde etwas zu-
riickgehalten. Es muss deshalb der Aufstieg moglichst rasch
bewirkt werden. Der weitere progressive Niedergang wird in
derselben Weise vollzogen, wie auch beim ruhigen Wetter;
doch der Weg, der vom Flug-Apparate gemacht wird, hiingt
von dem gegenseitigen Verhiiltnisse zwischen der Geschwin-
digkeit des Apparates und der des Gegenwindes ab. Diese re-
lative Geschwindigkeit kann sowohl positiv, als auch negativ
sein. Im ersten Falle fliegt der Apparat dem Winde entgegen;
im letzteren wird er vom Winde getragen. Die Bedingungen,
unter welchen der Apparat gegen den Wind fliegen kann, sind
schon oben besprochen worden (S. 24).

8. Der praktische Flug des Menschen.

Es wird doch der Mensch im wirklich praktischen Gebrau-
che des Flug-Apparates fiir das tigliche Leben nur selten
dieser Art des Fluges,—des Fluges gegen den Wind, sich be-
dienen. Es ist auch ganz verstindlich, da keine Art des Fluges
so unpraktisch, gewagt, unangenehm und unbequem ist, als
namentlich, der Flug gegen den Wind, insbesondere bei linge-
ren Luftfahrten.

Jndem der moderne Mensch den Flug nicht an-
ders, als in entgegengesetzter Richtung dem Winde,fiir
ausfithrbar hdilt, so wird der Zukunftsmensch ihn
nicht anders verstehen, als in der Form der Benut-
zung der gimstigen Winde.

Das Unpraktische des Fluges gegen den Wind, kommt
vor Allem deutlich zum Vorschein wilhrend der dauernden
Uberfahrten, wo angestrengtere Arbeit des Motors und grisse-
rer Verbrauch des Heizmaterials erforderlich sind. Es wird fiir
den Zukunftsmenschen das Princip der Oekonomie in der Ar-
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beit und der Schonung des Heizmaterials (in weiterem Sinne des
Wortes) eine wichtige Rolle spielen und man wird, in Anbe-
tracht dessen, immer in der Luft lavieren,—indem man bald
sich auf einige zehner oder hunderte von Metern emporheben,
bald tiefer niedergehen wird,—zum Zwecke der Auffindung
einer giinstigen Luftstrémung.

Anstatt die Arbeit die Motors zwecklos auf die Bekdmp-
fung des Gegenwindes, dessen Geschwindigkeit selbst schon auf
einer geriilgen Hohe recht bedeutend ist, zu verwenden und, als
Resultat eine geringe progressive Bewegung zu erlangen, wird der
Zukunftsluftschiffer die Arbeit des Motors, sich in der Sphire
der giinstigen Luftstromung befindend, auf die Unterstiitzung
dieser Kraft der Luftstrémung verbrauchen und seine progres-
sive Geschwindigkeit zu verdoppeln, ja zu verdreifachen im
Stande sein.

Es werden aber dadurch alle die Mingel des Fluges ge-
gen den Wind noch nicht erschopft. Diese Art des Fluges, wie
gesagt, ist hichst gewagt, unangenehm und unbequem. Und
in der That, nehmen wir an, das der Apparat mit der Gesch-
windigkeit von 15 Meter pro Secunde gegen den Mittelwind
fiiege, der, wollen wir sagen, 7 Meter in einer Secunde macht;
es werden dann der Luftschiffer und der ganze Apparat einem
Luftdrucke unterworfen, welcher der Summe dieser Geschwin-
digkeiten, also 22 Meter pro 1 sec. entspricht. Dieser Luft-
druck ist beinahe ebenso gross, wie der, denein Passagier zu
empfinden hitte, wenn er auf einer offenen Plattform eines
Waggons stiinde, welcher in 1 Stunde 75 Werst macht.

Der Apparat, welcher einem solchen Drucke unterworfen
ist, wird sich in einer gefahrvollen Lage befinden, da man die
Verletzbarkeit des Ballons und die Leichtigkeit (folglich aber
auch die Unfestigkeit)des Materials, aus dem immer die Flug-
apparate gemacht werden, in Betracht nehmen soll.

Es wird der Luftschiffer schwerlich im Stande sein,—

wenn auch nur auf kurze Zeit,—derartige Situation auszuhal-
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ten, indem man es auch nicht ausser Acht lassen darf, daser
in solchen Luftschichten zu fliegen hat, wo die Temperatur
verhiiltnismiissig niedrig ist. In der ruhigen Luft liisst sich
sogar die grosste Kilte leicht ertragen; aber sogar eine miis-
sige vom Winde begleitete Kilte, wie Glescher sagt, wird uner-
triglich und wirkt totlich auf den Organismus ).

Demnach wird der unniitze Verbrauch der Arbeit des Mo-
tors und des Heizmaterials, der unbedeutende Effect der pro-
gressiven Bewegung, die Gewagtheit und das Unangenehme
dieser Art des Fluges die Menschen in der Zukunft dazu be-
wegen, wo moglich das Fliegen gegen den Wind iiberhaupt
und, insbesondere, bei deuernden Uberfahrten, zu vermeiden.

Es mag aber der Leser dabei nur ja nicht denken, dass
ich durch alles das, was ich hier ausgesagt habe, die Noth-
wendigkeit der Fliige gegen den Wind bei der praktischen
Benutzung des Flugapparates leugne. In keiner Weise. Im Ge-
gentheil, die Fihigkeit des Apparates gegen den Wind zu tlie-
gen wird dem Menschen das Bewusstsein der Macht des Appa-
rates geben und das volle Vertrauen auf eigene Kriifte ver-
leihen fiir den Fall des Kampfes mit dem Gegenwinde. Ich
wollte damit nur sagen, dass, wenn die Strebung gegen den
Wind zu fliegen eine Art Sportunter den Gelehrten, Erfindern
und Dilletanten bildet und, der Meinung der letzteren nach,
das Alpha und Omega des ganzen Problems vom Fliegen des
Menschen ausmacht, so ist doch dieses Fliegen gegen den Wind
keine hauptsiichlichste und dringendste Nothwendigkeit. Jeh bin
tief darin iiberzeugt, dass wenn die Leute sich nicht vor das
Dilemma gestellt hitten: entweder durchaus gegen den Wind
zu fliegen oder gar nicht zu fliegen und wenn sie daraus nicht
eine Art Sport gemacht hiitten, gleich gem Sporte der Nordpol-
fahrten, so wiirde das Problem des Fluges des Menschen, wenn
auch nicht in seinem ganzen Umfange,—so doch praktisch
schon lingst gelost worden sein. Im Alltagsleben wird der

) Mr. Glescher. Luftreisen. Seit. 13.
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Flug gegen den Wind nur eine der Episoden bilden,—einen
der Fille des praktischen Gebrauches des Apparates. Dieser Flug
wird vor Allem in folgenden zwei Fiillen seinen Platz finden:
beim Aufsteigen des Apparates in die Luft und beim Nieder-
gange zur Erde. Im ersten Falle, wenn der Mensch nach dem
Aufstiege im voraus schon die Absicht hat wieder denselben
Punkt zu erreichen oder sich gentthigt sieht zuriickzukehren,
da er nicht die néthige Luftstromung auffinden konnte; zwei-
tens,—dann, wenn er, sich dem zu erreichenden Punkte nii-
hernd, die verschiedenen Winde in allen ihren Richtungen
zu tiberwinden hat, um nur zu einem gewissen Punkte auf
der Erde zu gelangen. Der ganze Flug zwischen diesen beiden
Punkten wird mit Hilfe der giinstigen Luftstromungen,—einer
Kraft, welche nichts kostet,—vollfiirht werden, abgesehen da-
von, wie gross ihre Geschwindigkeit und die Entfernung zwi-
schen den beiden Punkten sein mag.

Es ist, die unsrige Atmosphire, gleich den riesigen Fliissen
von den Lufststromungen verschiedener Richtungen und vers-
chiedener Geschwindigkeit durchzogen und in der Strecke von
der Hohe bis drei Werst (Grenze unseres praktischen Fluges)
kann man fast immer die nothige Luftstromung auffinden.

Mr. Glescher spricht von der Existenz verschiedener Winde
in verschiedenen Hohen, indem er hinzufiigt, dass es geniigt
cine passende Stellung zu nehmen, um in der belichigen Ri-
chtung sich zu bewegen. *¥). Prof. Mendeleyeff bemerkt, dass
sein Aérostat ,nicht in gerader, sondern in einer gebrochenen
Linie flog, d.h. dass die Richtung und die Geschwindigkeit
des Windes sich in den verschiedenen Schichten der Athmo-
sphiire @nderten, wie es hawfig geschieht*. ¥). ,Wenn man
die Luftstromungen studiert“, sagt er in einer anderen Stelle,

#) Mr. Glescher's Luftreisen. S. 71.
#%) Aufsteigung bei Klin wihrend der Eclipse. S. 79.
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»50 konnen die Agrostate fiir die Richtungen der Fliige nach
Wunsch gebraucht werden®. #).

Die giinstigen Winde besitzen ausserdem die Eigenschaften,
welche fiir die Luftschiffahrten sehr vortheilhaft sind: ,in der
That“, sagt unsere vaterlindische Autoritit in der Luftschif-
fahrt,—professor M. Pomorzew,—alle Facta, die uns von der
Luftschiffahrt bekannt sind, Beobachtungen der Wolken, Beo-
bachtungen des Windes auf dem Eiffelthurme und beim Lan-
cieren von Papier-Drachen zeigen, dass die Bewegung der
Luft schon in verhiiltnismiissig geringen Hohen recht gleich-
miissig und constant ist“. **),

Die Luftstromungen selbst schon in unbedeutenden Héhen,
wenn dieselben auf ihrem Wege nicht den Unebenheiten des
continentalen Reliefs begegnen, bewegen sich gleichmiissig,
ihnlich den riesigen Fliissen, was man auch bei den Winden
beobachtet, die iiber offene Meere wehen.

,Wenn es gelingen sollte, die Gesetze der Luftstrémun-
gen“,—-sagt Flammarion,—,in verschiedenen Hdohen je nach
der Saison und den Tagesstunden zu studieren, so wird es
dann das grosse Problem der Richtung der Aérostate ge-
lost.***). 'Es werden wir dann verstehen den Aérostat nach
dem erwiinschten Punkte der Windrrose zu leiten und in der
Luft auf den elastischen und zarten Fliigeln des Zephyrs die
Reisen zu machen. Die Luftwege, durch die Wissenschaft fiir
die Jndustric geiffnet, werden uns ihre Bahnen welche keine
Reparaturen beanspruchen,—fiirdie schonsten und grossartigsten
Reisen offerieren®. *#¥¥),

Diese giinstigen Luftstromungen werden die Entfernungen
verkiirzen; die durch die Luftstrome verbundenen Welten wer-

#) Daselbst. S. 93.
##) {Jbersicht der Theorien des schwebenden Fluges der Vigel. Luft-

schiffahrt von M. Pomorzew. 4 Lieferung. S. 54.
#=+%) Luftschiffahrt, Flammarion. S. 144.
#xt4) Athmosphére. Flammarion. 8. 568.
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den angrenzend werden. Es wird dann der Mensch, diese We-
ge beniitzend, mit grisserem Rechte sagen kdnnen, als Colum-
bus, die Worte des letzteren wiederholend: ,die Welt ist ni-

Anmerkung: Selbst die Vogel, welche mit einem idealen Flug-
apparate von der Natur versehen sind, auch die sind sehr empfindlich
fiir den Gegenwind; Charles Dykson, der speciell den Vogelflug stu-
dierte, schreibt folgendes: ,die Vigel sind sehr vorsichtig in der Wahl
des Windes und nichts kann so lange den Abzug der Zugvigel auf-
halten, wie eine ungiinstige Luftstromung; es kommt vor, dass diese
kleinen Reisenden tagelang den giinstigen Wind abwarten, um sich
wieder auf den Weg begeben zu kimnen®. (der Vogelflug. S. 79).
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CAPITEL IIL

(Ein Brief vom Professor des Kaiserlichen S.-Petersburger Technologischen
Jnstitutes J. A. Jewnewitsch).

Die Aufgabe vom freien Niedergange eines schweren
Punktes mit einer Aéroplane in ein widerstrebendes
Medium.

(Feehrfor oHerr!

Den Anfang O der Coordinaten setzen wir in denselben
Punkt, in welchem sich der Fallpunkt m beim Beginne sei-
ner Bewegung befand; die Achse x richten wir auf der Ver-
ticalen nach unten, und die Achse y—in horizontaler Lage,
welche die Trajektorie enthilt. Angenommen, es wiire P das
Gewicht des fallenden Punktes m, summiert mit dem Gewi-
chte der Aéroplane.

A—die Fliche der Aéroplane.

f—der Winkel der Flichenneigung der Aeroplane zur Ver-
ticalen (d. h. zu der X-Achse).

é—der Neigungswinkel zu der x-Achse von der Geschwin-
digkeit V im Moment t.

Die Widerstandskraft der Luft, normal zur Fliche der Aéro-
plane, lisst sich durch die folgende Formel darstellen:

N—K Q"\_ S_”l;mr_‘")\f

«
“5

181


bill
Typewriter
181

bill
Rectangle


in welcher VSin(3—¢) die Projection der Geschwindigkeit V
zur Normalen der Aeroplane ist, /\ ist das Gewicht eines Cu-
bicmeters Luft, g —die Beschleunigung der Schwerkraft und
K—der Coefficient, wahrscheinlich nahe bei 1,825, wenn wir
als Einheit der Linge—den Meter, und als Einheit der Kraft—
das Kilogramm "arinehmen.

Fig. VIII.
0 %)
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7 = =
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Die Gleichungen der Bewegung werden die folgen-
den sein:

mSE~ P — NSinp = P—"L%yegine (g—s). Sing . . . (1)
ml—;t—q— NCos KAAV’&m (—a).CosB . . . . .(2)

Bezeichnen wir die I’LQ]Lctlon der Geschwindigkeit V auf
den Coordinat-Achsen x und y durch 3 und 4, dann erhalten wir:
d‘ =V Cosé=3, 5%—\8111a_n SRV
wnbel wir die Gleichungen der Beweguug in folgender
Weise darstellen:

dz_P I\Q\A . T
s \ 28in2(B—4). Sin B
dn KAA ;
‘(T{, zg —=__V25] 112(@-—’1)) COS?

182


bill
Typewriter
182


Aber VSin(@—&)==Sing. VCosé—Cosp. VSiné==Sin3. 3—CosB. 7,
desshalb haben wir:

Zﬁ“‘n—?—Eé?ﬁx(&nﬁswfif!b'*m- B8 oiaty 2 (B
32 ];AAﬁm? 3—Cosfm). Cosd . . . . ... .(4)
b

Wenn wir die Gleichung (3) mit Sing, und (4) mit Cosf
multiplicieren und eins vom andern subtrahieren, so erhalten
wir eine neue Gleichung:
dz
dt

Wenn wir annehmen, dass der Winkel g wiithrend der gan-
zen Zeit der Bewegung sich bestindig hiilt, so erhalten wir:

Sing. ;> —Co &'3

(Sin3.3—Cosf.m)2.

d~q p KAA
T 2gm

Ao Sinf - KAA =
tl'i(bmﬁ' —Cosj. )—-—— 2gm (SinB.3—CosB.1)2
oder angenommen Sing. 3--CosB. 1=V Sin (—3)=u,
du
—l—ﬁma—bu-..................(5)
wo a? = Loup und b= I\AA . (6)
m 2gm

Die Gleichung (5) wird sich integrieren, wenn wir anneh-
men, dass die Dichtigheit /\ des Mediums constant ist und
dass die Beschleunigung der Schwerkraft g, und folglich auch
das Gewicht P, als constant betrachtet werden kinnen.

Bei diesen Annahmen ergiebt die Gleichung (5):

u=SinB. 3—CosB. q:fl:./'(t). Gaty s = )
"’ﬂll( abt - abt
—1 6 —eo
\\oj(t) e L e v e (8)

e +1 e e
Die Gleichung (7) ergiebt uns in der Funection der Zeit,
die Projection der Geschwindigkeit V auf die Senkrechte zur
Aeroplane. Wir konnen auch die Projection der Geschwindig-
keit V auf die Ebene der A&roplane bekommen. Wenn wir
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diese letzte Projection durch W ausdriicken, so erhalten wir
den Ausdruck:
=VCos(f—e)=CosB. 3+Sinf.m. . . . . . . . (9)

Wenn wir die Gleichung (3) mit Cos3 multiplicieren, die
Gleichung (4) mit Sing, und sie addieren, so erhalten wir;
_dW _ PCosg.
dt m
PCosp

m

ﬁ (CosB. 34-Sinf.m) =

Hieraus folgt W= - t+C.

Aber wenn t=o, so ist die Geschwindigkeit W=o, folglich
auch die Constante C=o.
Folglich,

b f
PCosB , . . . . .. (10)

W=CosB.3+ Sin3. 1—

Jndem wir die Gleichung (7) und (10) in Bezug auf 3
und 7« lésen, so finden wir:

d\ PCo‘-:?’ﬁ
z_- ‘___,. S S h 3 .
3=V Coss /(t) inj = O 8 1)
ey Ay PCosB . ., a 0
n=VSiné =vd—3t= I bmii.thCos:,’i.j . .. .02
Oder, durch die Jntegration:
PCos23 a
= £ 2= Sinf cl
2m : +l i ./‘-r{t)'dt gt
_PCosf. Sing. \
y = o : Cos’i / (t). dt4-C"
abt —abt
a | ==l 6 = 1 - abt —abt
Ahm[ft) dt= /0—_0—7 dt=— log ("™ o)

und bhei t=o0, sind die Coordinaten X und Y, jede gleich null;

folglich erhalten wir definitiv:
abt —abt

Flostie 25111 e+ e B
i i 2 Sing. . . . (1
om TR - log —— ) Sin (13)
I)CO“? gll'l? 2om (\nh_li_. P—alnt )
T e ). Cosd, in s
¥ 2m —t2 I&&A ]0g (T COSI (14)
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Wenn wir die Gleichungen (7) durch (10) dividiren so
finden wir:

U m r(t} m /2g Sinf r(t)

W e (P ‘”‘B‘PCOS,% " Cos'i\/l(/_\,A Pt

Diese letzte Gleichung bestimmt in jedem Momente der
Zeit t die Richtung der Geschwindigkeit V, d. h. den Win-
kel .

. (15)

Also, zum Beispiel, beim Beginn der Bewegung, wenn t=o
nimmt der Bruch:

abt —aht

_[[_t) _ le—e
= T an -um

t E T s

eine unbestimmte Form % an; doch die wirkliche Bedeutung
dieser Unbestimmtheit ist ab, folglich haben wir bei t=o:

ZgSm?
ol = CL: == H
tang (B --<) (‘0‘3 \/l\ \ P ab=tang3,d. h. &

Specidller Fall: wenn 3=o; in diesem Falle begegnet
die Aeroplane keinem Wiederstande, folglich geht die Bewe-
gung wie in einem leeren Raume.

Jn der That, wenn wir in unsern Formeln B=o0 nehmen
so erhalten wir a=o und

'——P 9._1 2 v—
l.""ngt ——2gt, Y=o

dx o dy

=8t Fi=° und 2

Bei B=90° muss die Bewegung geradlienig durch die Ver-
ticale nach unten geschehen und wirklich, erhalten wir:

gﬂl a!:li —abt
e - o
X=Kpa g(“—‘z—)’ =8

— aby

?l_i:la‘)f(t)__qe_air ——m WO jetzt a = \/__dg

e + e
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Um die Gleichung der Trajektorie zu erhalten sollte man
von den Gleichungen (13) und (14) die Zeit t ausschliessen,
doch ist es kaum die Moglichkeit dazu vorhanden.

Anmerkung: Es ist zweckmiissig zu erirtern, dass die
Function

2abt
e — 1
f () =——
e + 1
sich schnell der Einheit nithert.

J Jewnewitsch.

St-Petersburg 28 December 1899.

Anmerkung: Da ich keineswegs durch offen ausge-
driickte Sympathien fiir meine Arbeiten verwéhnt bin, so war
ich durch die Zustimmung des verehrten Professors, sich an
der theoretischen Ausarbeitung des in Frage stehenden Flug-
Apparates zu betheiligen, tief gerithrt. Es ist nicht an mir
ihm zu danken, der Ausdruck meiner Dankbarkeit wire zu
nichtig. Vielleicht wird das herannahende XX Jahrhundert,
wenn es von diesen Arbeiten Nutzen ziehen wird,—die uneigen-
niitzige und menschenfreundliche Bereitwilligkeit des ge-
schiitzten Professors der Menschheit zu niitzen, zu achten
wissen,
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IV CAPITEL.
Technischer Theil.

Nachdem die im vorhergehenden Capitel aufgestellten Haupt-
grundsiitze mir klar wurden, begann ich einen neuen Luft-
schiff-Apparat zu construieren. Is wurden aber, zu meiner
Verzweiflung, die Arbeiten bei ungiinstigen Umstinden an-
gefangen. Erstens, verbrachte ich in Petersburg den gan-
zen Winter (1898-—1899) im fruchtlosen Suchen nach Theilname
und Unterstiitzung; der andere Miserfolg bestand darin, dass
die Ballons von Lachambre aus Paris viel zu spit (beinahe
Ende August) erhalten wurden. Das geschah dadurch, da ich
zu spiit die Bestellung gemacht hatte. Es war also jedenfalls
die geeignetste fiir die Versuche Zeit,—der Sommer, verloren.
Damit aber war mein Ungliick noch nicht zu Ende: der aus
Paris erhaltene Ballon, theoretisch richtig und sorgfiltig aus-
gearbeitet, zeigte in der Praxis einige Mingel, die leicht zu
beseitigen waren, doch dazu dienten, dass man nicht im Stan-
de war den Ballon segleich zu gebrauchen.

Alles das insgesammt konnte auf mich, wie auch auf jeden
anderen Erfinder, recht entmutigend wirken. s handelte sich
darum, entweder die Versuche withrend dieses Sommers ganz
aufzugeben,—was gleichbedeutend wiire einem Lebewohl auf
ewig allen meinen Plinen und Jdeen,—-oder, als letzte Ressource,
einen der Ballons vom vorigen Jahre zu verwenden und die-
sen auf irgend eine Weise fiir die Versuche, meinem Ziele und
meinen Plinen gemiss, tauglich zu machen. Gliicklicherweise
erwies sich das Letztere als moglich. Was lag daran, dass der
untere Teil des vertical angebrachten Ballons sehr plumpformig
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aussah und, anstatt spitz zu sein, einen Sack mit Vertiefungen
und Hohlungen priisentierte, welche in der That nicht vor-
handen sein sollten; nichtsdestoweniger konnte man den Bal-
lon beniitzen und wir thaten das.

Die Versuche begannen gegen Ende September. Wegen des
herbstlichen Wetters waren wir selbstverstindlich gendtigt
nur die Stunden des ruhigen Wetters auszuniitzen, da man
bloss zu dieser Zeit bei den einfachsten Bedingungen den Ap-
parat,—d. h. seine Aufsteigungskraft, die Arbeit des fiihren-
den Mechanismus, die Arbeit der Aéroplane und den progres-
siv-sinkenden Flug des Apparates studieren kann. Der spiite
Beginn der Versuche beeinflusste natiirlich die Anzahl dersel-
ben und indem wir im Jahre 1898 etwa 150 Aufstiege mach-
ten, machten wir in diesem Jahre bloss gegen 40.

Jn diesem Jahre gestattete ich auch nicht meinem Mecha-
niker und Aéronauten Peter Kossjakoff héher als bis zu 100—
200 Sajen zu steigen. Gewiss wusste ich wohl, dass ecine so
unbedeutende Hiohe die Vollkommenheit und den Effect des
Versuches einigermassen beeintriichtigte. Doch hatte diese Be-
schriinkung ihre ernste Ursachen: 1) Bevor der Luftschiffer ge-
lernt hatte mit Leichtigkeit und Sicherheit wiihrend des ruhi-
gen Wetters den Apparat zu leiten, wiire er nicht im Stande
bei hoheren Aufstiegen mit den Luftstromungen fertig zu wer
den, er wiirde sich weit von der Gegend, wo die Versuche
angestellt werden sollten, entfernen kiénnen und sie damit un-
terbrechen. 2) withrend der Aufsteigungen zu einer geringen
Hohe war die Maglichkeit dazu geboten ganz befriedigend die
Aufstiege, Niedergiinge, die Halte in der Luft, die Drehungen,
wie auch progressiv sinkende Fliige zu studieren, und schlie-
sslich: 3) ich musste unwillkiirlich diesen Versuchen die be-
scheidensten Schranken setzen, fern von jeder allzugrossen
Kithnheit oder Prahlerei, besonders in diesen ersten Jahren der
Entwickelung des Unternchmens: ich wusstees sehr gut, dass,
wenn auch das geringste Ungliick dem Aéronauten zugestos-
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sen wiire, so hiitte man mir die weiteren ,gefithrlichen* Ver-
suche untersagt. Mége der Leser selbst beurteilen, in welchem

Der Apparat des Typus v. J. 1899 wurde folgendermassen
construiert: er besteht aus Ballon, Aéroplane und aus dem
fithrenden Mechanismus.

Der Ballon, wie es Fig. IX zeigt, hat eine lingliche Form,
an beiden Seiten zugespitzt, und ist vertical angelegt. An der
Hinterseite des Ballons ist auf der ganzen seinen Liinge ein
Schlauch (a) angebracht, der mit dem unteren Teile (b) des

Fig. IX.

(AN

Ballons verbunden ist. Dieser Schlauch ist geniigend breit und
hat genug inneren Raum, damit bei den hohen Aufsteigun-
gen und der Ausdehnung des Gases im Ballon, dieser Uber-
fluss an Gas, in den Schlauch, wie in ein Reservoir, gehe. n
dieser Weise geschicht es, dass der Gas wiithrend seiner Aus-
dehnung im Ballon nicht in die Lurt ausstromt. Das untere
Ende (¢) des Schlauches ist schmiiler gemacht und am Sitz-
platz des Luftschiffers befestigt; zur Vermeidung des Unfalls
(bei zu hoher Steigung) kann also der Aéronaut ein gewisses
Gas-Volumen ausstrimen lassen.
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Zu beiden Seiten befinden sich dem Ballon entlang die
Falten, an welche die Saiten (dd), welche von untendie Aéro-
plane und den ganzen Mechanismus halten, befestigt sind. Die
Dimensionen des Ballons, seine Form, sein Fassungsvermigen,
so wie auch seine Aufsteigungskraft werden fiir jeden einzel-
nen Fall verschiedentlich bestimmt.

Fig. X.

4 I
/|

A

M

|_‘lh

Ji%-

i

Die Atroplane (Fig. X) besteht aus einem viereckigen Bam-
busrohrrahmen (AA), unbeweglich befestigt, auf welchem sich
getrennte, quergestellte Flichen, oder Jalousien (BBB) befin-
den, welche sich um ihre Liingsachse auf 180°drehen kimnen.
Ein einfacher Mechanismus kann alle diese Jalousien in belie-
bigen Winkel stellen und automatisch befestigen. Die Jalou-
sien sind Rahmen, welche schlaff mit Seide iiberzogen sind.
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Der fithrende Mechanismus stellt den Sitz E (Fig. XI uXIl),

in einem Hemicycle F angelegt, dar, unter den Fiissen des
Ftg. XL

|

Luftschiffers befindet sich ein gewdhnlicher Velociped-Getriebe
Fig. XIL

i

(2), auf dessen Pedal er wirkt. Die Drehung vermittelst einer
Kette (i) wird auf die Welle (k) iibertragen, welche hinter dem
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Riicken des Luftschiffers sich befindet. An den beiden Enden
der Welle sind Kreuzungen (L) angebracht, an welchen sich

Fig. XIIL

e 4 Platten (M) befinden, welche auf die Luft schlagen. Jede
dieser Platten ist ein Rahmen von sechseckiger Form, der mit

Fig. XIV.

einem seidenen Gewebe schlaff iiberzogen ist. Auf der Welle,
dicht an der Stelle, wo die Kreuzungen befestigt sind, ist eine
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einfache Vorrichtung (N)angebracht (Fig. X1I, XIII, XIV u XV),
vermittelst derer bei einer sehr unbedeutenden Reibung sich
die Platten um ihre Achsen drehen und in einem gewissen
Momente schlagen sie flach aut die Luft, im iibrigen Theile des
Kreises schneiden sie aber die Luft, indem sie sich quer
stellen.

Fig. XV.

O
N
X

1

Zu beiden Seiten des Sitzes befinden sich Handgriffe (P),
durch deren Drehung kiénnen die Platten auf die Luftin ver-
schiedenen Richtungen schlagen und die bewegende Kraft nach
oben, nach unten, vorwiirts und riickwirts entwickeln. Die
Anzahl der einzelnen Plattenschlige auf die Luft, bei der
schnellen Arbeit, kann etwa 16 pro Secunde sein.

Protocoll der Versuche im J. 1899.

Versuche vom 10 September. Stiller Morgen. Der Ballon
SPilstrem® vom vorigen Jahre. Luftschiffer-Mechaniker P. [{osja
kow. Nach den ersten gefesselten Aufstiegen wurden etwa
10 freie von verschiedenen Héhen gemacht. Aufsteigungen
waren gleichmiissig und gleitend. Der Luftschiffer verstand es
aber nicht mit der Aéroplane und dem Lavieren fertig zu wer-
den. Wihrend eines Niederganges wurde in Folge des Stosses
auf das Dach von einer Scheune ein Fliigel beschiidigt. Die
Aufstiege sind photographiert worden.

Versuche vom 22 September. Derselbe Ballon. Frischer
Wasserstoff. Es wurde eine Reihe von freien Aufstiegen aus-
gefithrt. Dem Auftrage gemiiss, balancierte der Luftschiffer,
blieb unbeweglich in der Luft und drehte sich mit Leichtig-
keit um. Nachdem die Jalousien in den Winkel gebracht wa-
ren, ging der Luftschiffer nach der geneigten Fliche nieder.
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Behufs Vermeidung der Stisse des Apparates auf die Erde
beim Niedergange, stellte sich der Luftschiffer vermittelst
einer speziellen Einrichtung auf die Beine und nahm auf diese
Weise, sich dem Erdboden niihernd, auf sich den ersten Stoss.

Versuche vom 23 September. Derselbe Wasserstoff. Das
Wetter windig. Es wurden einige freie Aufstiege ausgefiirht-
Durch die Luftstromung wurde der Apparat seitwiirts getra-
gen. Da die Aufstiege nicht hoch waren (etwa bis 40 Sajen),
so bemiihte sich der Luftschiffer nicht zu lavieren. Die Auf-
stiege sind photographiert worden.

Versuche vom 5 October. Frischer Wasserstoff. Stiller
Morgen. Die Aufstiege sind photographiert worden. Freie Auf-
stiege bis 100 Sajen. Die Handhabung des Velociped-Getriebes
leicht. Der Luftschifter drehte sich in der Luft einige Male um
was leicht ausfithrbar war. Nachdem er die Jalousien in den
Winkel gebracht hatte, ging er einige Male im Winkel zur
Erde nieder und zwar einige zehente russische Faden (Sajen)
seitwiirts von der Stelle des Aufstieges.

Versuche vom 6 October. Derselbe Wasserstoff. Der
Ballon erhielt ein Supplement seiner Fiillung. Die Construetion
des tithrenden Mechanismus ein wenig geiindert. Es wurde
beschlossen etwas hoher zu steigen, doch musste man sich
mit der Héhe von 150 Faden begniigen, da oben sich starke
Luftstroimung zeigte.

Versuche vom 7 October. Stiller tritber Morgen. Der-
selbe Wasserstoff. Es wurde eine Anzahl freier Aufstiege und
progressiv-sinkender Fliige gemacht. Da ich in Aussicht hatte,
an diesem Tage die Versuche zu beendigen, so wurde es besch-
lossen, dass der letzte Aufstieg ein hiherer sein solle. Der Luft-
schiffer balancierte aber in der Eile den Apparat etwas unge-
schickt und es fing der lelztere, erleichtert und leichter als
die Luft geworden, an, langsam und gleichmiissig in die Hohe
zu steigen. Der Luftschiffer seinerseits, ohne es zu wissen,
beschleunigte diesen Aufstieg durch den Antrieb des Motors.
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Jn der Hohe von etwa 150 Faden, glitt plotzlich die Kette vom
Getriebe herunter und der Motor konnte jetzt weder fiir den
Aufstieg, noch fiir den Niedergang arbeiten. Der bewegenden
Kraft und des Gewichtes beraubt, wurde auf diese Weise der
Apparat zu einem gewdhnlichen Luftballon; erwiirmt von den
Sonnenstrahlen, stieg der Apparat zu einer Hohe von 1 bis 11/2
Werst und begann von der Luftstromung fortgetragen zu
werden. Leider hatte der Apparat kein besonderes Ventil zum
Auslassen eines Teiles vom Wasserstoff, wie es bei den Luft-
ballons iiblich ist. Wiihrend dieses Fluges hatte doch der Luft-
schiffer die Zeit, die Kette zurecht zu setzen und begann den
Apparat zum Niedergange zu treiben. Da er unten einen Wald
erblickte, passierte der Luftschiffer denselben vermittelst der
Atroplane und ging, in der Nihe vom Walde auf ein Feld
nieder.

Diese Versuche, nicht zahlreich, waren doch fiir mich werth-
voll. Sie lieferten mir reiches Material fiir das Studium des
fithrenden Mechanismus, der Aéroplane und die Schiitzung
des senkrecht angebrachten Ballons. Jch bin iiberzeugt, dass
keine theoretische Uberlegungen oder Berechnungen, selbst
nicht dass Spiel meiner Einbildungskraft mir die kostbaren
technischen Anweisungen geben kinnten, welche ich durch
diese schlichte Praxis wihrend dieser primitiven, dieser,—darf
man sagen, ,naiven* Versuche erhielt. Nur die Praxis konnte
mir sagen, was ich ferner zu thun und wohin zu gehen habe.
Doch halte ich es vorliufig fiir unzeitig, mehr iiber diesen
Gegenstand hier zu sprechen.

Umfang des Ballons.

Jch halte es fiir zweckmiissig, hier einige technische An-

weisungen beziiglich gewisser Einzelheiten des Flug-Apparates

zu geben.
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Es ist sehr schwer, wenn nicht sogar unmiglich, a priori
zu bestimmen, welchen Umfang man bei der Construction des
Apparates dem Ballon zu geben hat. Zu diesem Behufe muss
man erst das Gewicht des fithrenden Mechanismus berechnen,
wie auch die Aufsteigungskraft, die er entwickeln soll, das
Gewicht des Luftschiffers ete. ete. und tausend andere Ein-
zelheiten. Und nur auf Grund aller dieser Berechnungen darf
man einen Ballon bestellen. Dieser Weg ist vielleicht wohl der
der Wissenschaft, doch unpraktisch, und so liste ich die Auf-
gabe in sehr einfacher Weise. Der Ballon wurde von einem
solchen Umfange bestellt, dass seine Aufsteigungskraft im
Ubermasse das Gewicht des Luftschiffers und das zu vermu-
tende Gewicht des ganzen Mechanismus iiberschreiten sollte;
denn ich glaubte. es sei doch viel praktischer einen Vorrath
an Aufsteigungskraft in Uberfluss zu haben, selbst wenn man
genothigt sein sollte die Dimensionen des Ballons zu erwei-
tern, als dass es einen Mangel an Kraft giibe. Jm ersteren
Falle kann dieser Uberschuss an der Aufsteigungskraft durch
Ballast ausgeglichen werden; doch, wenn es an Aufsteigungs-
kraft fehlt,—wo soll man sie dann hernehmen, und es wiiren
unniitze Scherercien,—an dem Gewichte der Rihren, des Bam-
bus’ ete. zu sparen.

Unterdessen ist ein Vorrath von Ballast, welcher den Uber-
schuss der Aufteigungskraft des Ballons ausgleicht, sehr vor-
teilhaft fiir die bestindige und tiigliche Regulierung der Auf-
steigungskraft des Ballons, welche in Folge der Diffusion des
Wasserstoffes durch das Gewebe des Ballons nach und nach
vermindert wird. Dieser Ballast giebt die Maglichkeit den Ap-
parat bestindig fiir den Aufflug, wiithrend mehrerer Tage, be-
reit zu halten, ohne den frischen Wasserstoff hinzuzufiigen.
Spiter, wenn die Technik in der Bereitung der Gewebe
fiir die Ballons sich vervollkommen und dieselben fiir das
Entweichen des Wasserstoffs undurchdringlich machen wird,
so wird es auch der Uberfluss an Geriiumigkeit des Ballons

nicht nithig werden.
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Gewichtsausgleichung des Apparates.

Vor dem Beginn des Aufstiegs wird der Apparat mit dem
darin sich befindenden Luftschiffer so equilibriert, dass die
Aufsteigungskraft des Ballons mit dem Gewichte des Appa-
rates und dem des Luftschiffers gleichbedeutend sei. Der Letz-
tere fiingt dann an durch dic Handhabung des Motors das
Leitseil (guide-rope) von der Erde zu heben. Da das Leitseil
aus separaten Teilen besteht, so wird derjenige Teil des Seils,
welcher vom Erdboden nicht abgehoben ward, abgekettet.

Auf diese Weise dient das Gewicht des vom Erdboden
hinaufgehobenen Teiles des Leitseils als einfachster prakti-
scher Anzeiger der Hebekraft des fiihrenden Mechanismus und
auch des Grades der Beschwerung des Apparates im Verhilt-
nisse zur Luft.

Aufstieg.

Die Steigung des Apparates in die Luft vollzieht sich ge-
wihnlich gleichmiissig und sanft. Dieser sanfte Aufstieg wurde
auch im vorigen Jahre wiihrend der abwechselnden Arbeit der
Fliigel beobachtet. Im letzteren Falle geschah es so, dass der
Apparat, der im ersten Momente den Stoss durch den Schlag
der Fliigel auf die Luft erhalten hatte, im niichsten Momente
sich schon infolge der Inertionskraft erhob.

Drehungen.

Die Drehungen des Apparates um die Liingschse werden
bei dem vertical angelegten Ballon mit grosser Leichtigkeit
erzielt, withrend im vorigen Jahre, bei der horizontalen Lage
desselben, eine bebeutende Anzahl von Fliigelschligen erfor-
derlich war, bis der Apparat zur Drehung kam.

Niedergang zur Erde.

Der Niedergang des Apparates geschieht im Allgemeinen
mit Beschleunigung. Um den Stoss des Apparates auf die Erde
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zu vermeiden, ist beim Sitzplatze des Luftschiffers eine Vor-
richtung getroffen, vermittelst welcher der Luftschifferim letz-
ten Momente des Niederganges den Boden zuerst mit seinen
Fiissen beriihrt, so dass er selbst den ersten Stoss empfiingt.
Die Beine des Luftschiffers spielen in diesem Falle, so zu sa-
gen, die Rolle einer Springfeder. Im niichsten Momente schraubt
der Luftschiffer einen speziell dazu angepassten Bohrer in die
Erde und kann dann den Apparat verlassen.

Reserve-Ventil.

Zwei Fille uncorrecter Equilibrierung des Flug-Apparates
fanden am 8 October 1897 und am 7 October 1899 statt, wo-
durch der Apparat leichter wurde, als die Luft, und der Luft-
schiffer in der Luft machtlos wurde; diese beiden Fiille zwin-
gen uns ein Reserve-Ventil am unteren Teile des Ballons zu
haben, um beim Niedergange zur Irde, behufs Vermeidung
der moglichen Zuffilligkeiten, einen Teil des Gases herausstro-
men lassen zu kionnen.

Der filhrende Mechanismus.

Der oben beschriebene Fall mit der Kette, welche wiithrend
des Fluges vom Getriebe glitt, weist auf die Moglichkeit von
derartigen Havarien, welche auch in der Zukunft leicht ein-
treten kinnten. Obschon die Construction des fithrenden Me-
chanismus vom Jahre 1899 verhiiltnissmiissig sehr einfach war,
so ist sie doch, meiner chrzcungung nach, fiir die Luftfahr-
ten noch zu compliciert. Wenn an dem Velociped etwas be-
schiidigt wird, so kann der Radfahrer stets doch ohne Gefahr
vom Rad herunter steigen und den Mechanismus zurechtma-
chen; in der Luft aber ist es viel schwerer zu thun, da es ge-
fahrvoll wiire, irgend einen Teil des Mechanismus aus den
Hiinden zu lassen und auf diese Weise ein gewisses Gewicht
zu verlieren.

198


bill
Typewriter
198

bill
Rectangle


— e =

Auf Grund dessen halte ich es fiir nothwendig, dass der
fiithrende Mechanismus fiir die Luftschiffahrten sich durch die
dusserste Einfachheit auszeichne und das er, wo mdoglich,
keine Ketten, keine Riider oder sonst irgend welche kleine
bewegliche Teile enthalte. Diese Einfachheit—wird in der
Folge das Leben selbst fordern; demnach ist es besser,
schon jetzt sie in Betracht zu nehmen. Auf Grund dessen,
was oben gesagt wurde, ist es meine Absicht, den fiithrenden
Mechanismus zum Zwecke der Erlangung der moglichsten
Einfachheit einer Umiinderung zu unterziehen.

Der Flug-Apparat fiir gefesselte Aufsteigungen.

Zu gewissen Zwecken werden die Marine und die Armee
die Anwendung des Flug-Apparates als gefesselter Ballon
Fig. XVL

(,ballon-captif“) verlangen. Wenn man den unsrigen Flug- Ap-
parat, nach der Art eines gewihnlichen Luftballons, mit sei-
nem unteren Theile anbindet, so erweist sich in der Praxis
dieses Verfahren als sehr unbequem: die Seitenfliiche des ver-
tical stehenden Ballons ist so gross, dass man a priori behau-
pten kann, dass sein Schwanken unter der Wirkung -eines
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sogar recht schwachen Windes, schon sehr bedeutend séin
wird. Es zeigt sich ein ganz anderes Bild, wenn der Flug-Ap-
parat am oberen Teile des Ballons befestigt wird (Fig. XVI).
Es muss der Apparat in diesem Falle auch auf gewishnliche
Weise, d. h. durch die Arbeit des Motors (des Aéronauten) in
die Luft steigen; doch in der Luft wird sich der Apparat als
gewihnlicher Papier-Drache priisentieren, wo die vordere Sei-
tenfliche des Ballons die Rolle einer etwas gegen den Wind
geneigten Aéroplane spielen wird. Das an dem unteren Teile
dieser Aéroplane angehiingte Gewicht von circa 60—80 kilo
(Gewicht des Luftschiffers) garantiert die Stabilitit des Appa-
rates in der Luft.

Um den Druck der Luft auf die Oberfliiche der Vorderseite
des Ballons zu miissigen, geniigt es vorne an dem Ballon (in
einiger Entfernung von dem Letzteren) eine Art Segel zu be-
festigen, welches den Druck des Gegenwindes aufsich nehmen
wird. Die Anwendung von diesen Mitteln zur Erlangung der
gefesselten Aufsteigungen erfordert noch die praktische Priifung,
obgleich iin Deutschland die Versuche der gefesselten Aufstie-
ge mit den linglichen Ballons schon recht befriedigende Re-
sultate gegeben haben.

Ob man fiir gefesselte Aufstiege eine Dampf-Winde brauchen
wird, oder nicht und bei welcher Stirke des Gegenwindes sie
unentbehrlich wird,—alle dergleichen technischen Detail-Fragen

werden in der Zukunft durch Versuche gelist werden.

Anmerkung: Jn gewissen Fiillen ist es aber miglich, dass der
Niedergang des Flug-Apparates, sogar beim frischen Gegenwinde,
doch bei geniigender Grisse des ,aktiven Gewichtes* (wie auch des
Jatenten aktiven Gewichtes*)—selbstindig, d. h. ohne das Herunter-
ziehen des Apparates mittelst eines Seiles, folglich also auch ohne
Mitwirkung von einer Dampf-Winde, vorgehe.
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Apparat fiir Erzeugung des Wasserstoffs und des
Eisenvitriols.

Es hat mich stets gewundert, dass die Erzeugung des
Wasserstoffs als kostspielig betrachtet wird. Der Pariser Atro-
club hat sogar einen Preis fiir die Erfindung einer billigeren
Methode des Wasserstofferzeugung ausgesetzt. Noch im vori-
gen (1898) Jahre, habe ich es in meinem Berichte gezeigt,
dass sic nichts kostet. Dasselbe wird auch in meiner Tabelle
(Cap. VIII) gesagt. Jm ersten Augenblick kann es wie ein
Paradox vorkommen. Jetzt werde ich aber hier die richtigen
Berechnungen anfiihren.

Die billigste Art Wasserstoff zu erzeugen ist die iltere,
d. h. durch die Wirkung der verdiinnten Schwefelsiure auf die
Eisenfeilspiine: Die Hauptprodukte dieser Aufeinanderwirkung
sind: reiner Wasserstoff (Hz) und das schwefelsaure Eisen
(SOsFe2).

Die chemischen Fabriken, wo man das schwefelsaure Eisen
in grossen Quantititen produciert, betrachten den Wasserstoft
als Abfall; die Aéronauten dagegen betrachten als einen sol-
chen das schwefelsaure Eisen. Es ist iiberfliissig ein Salomo
zu sein, um die Sache zu entscheiden; die einfache Logik sagt
uns, dass in diesem Falle einem Jeden dasjenige gegeben wer-
den soll, was fiir den Betreflenden kostbar ist: der Wasser-
stoff dem Luftschiffer,—das Eisenvitriol— der chemischen Fab.
rik. Die chemische Fabrik bezahlt auf diese Weise dem Luft-
schiffer alle Unkosten, welche die Bereitung des Wasserstofls
verlangt.
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Die Thatsache, dass ich schon seit drei Jahren meine Wirt-
schaft auf diese Weise fithre und alle meine Ausgaben fiir die
Erzeugung des Wasserstoffs decke, erscheint als der beste
Beweis der Richtigkeit der angefiihrten Behauptung.

Jn der That, es ist die Berechnung sehr einfach:

Theoretisch

1 Pud Schwelsiure kostet . . 85 kop.l
und 23 Pf. Eisenfeilspiine L (e | e .

geben 2 Pud 33 Pf. Eisenvitriol, welches also
kostet (70 kop. pro Pud) . . . . . . . . .1R. 90 kop.

Also bei den Unkosten fiir das Material in der Summe von
1 R. 15 kop., bekommt man 1 R. 90 kop. als Bruttoertrag vom
Verkaufe des Kisenvitriols. Daher ist es klar, dass die chemi-
schen Fabriken bei dieser Production auch den Arbeitslohn
und die Ausgaben fiir das Heizmaterial decken kinnen und
dazu noch ausserdem ein gewisses %o des Reingewinnes
bekommen.

Man kann sich keine andere Art der Wasserstofferzeugung
vorstellen, welche alle Unkosten decken nund dazu noch einen
Gewinn lassen wiirde.

Das Risenvitriol findet einen grossen Absatz fiir Wollewasch-
anstalten, Firbereien und im Sanitiitswesen.

Der Apparat fiir Wasserstoff-Erzeugung, welcher bei uns
seit zwei Jahren tadellos functioniert und jiahrlich noch ver-
vollkommnet wird, ist nach den Plinen und Zeichnungen
eines Chemikers am Technologischen Jnstitute in Gharkow—
Herrn W. P. Paschkow construiert. *)

*) Jeh will diese Gelegenheit nicht unbenutzt lassen, meine tiefe und
herzliche Erkenntlichkeit Herrn W. P. Paschkow, A. P. Komarow, W. O.
Piletzky und vielen anderen Personen, die dem Lehrerpersonal des Tech-
nologischen Jnstituts in Charkow angehdren, fiir die Sympathie und Unter-
stiitzung durch Wort und That, welche ich wihrend meiner Arbeiten stets
bei ihnen fand, auszudriicken. ;
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Der Apparat besteht aus zwei holzernen Bottichen (AA.
Fig. XVII), mit Blei ausgekleidet, (ein jedes von circa 200—
250 Fassungsraum), welche auf eine Erhthung gestellt sind.
‘Durch Offnungen im Boden eines jeden von diesen Bottichen
entfliesst die verdiinnte Schwefelsiiure und tritt in cinen eiser-
nen, ehenfals mit Blei beschlagenen Cylinder-Generator (B) ein.
Der Abfluss der Siiure von den Behiltern wird durch Ver-
schliisse reguliert, welche sehr geistreich vom mechaniker Kot-
schergin construiert worden sind. Der Generator wird mit
Eisenspiinen gefiillt, auf welche die Siure herabregnet. Der
erzeugte Wasserstofl geht dann in einen eisernen mit Coaks
gefiilllen Wasch-Cylinder (D), von geringeren Dimensionen,
heriiber. Hier geht das Gas, indem es in den Cylinder von

Eig. XVIL

unten eintritt, zuerst durch cine Schichte des Wassers, wel-
ches bestiindig erneuert wird, dringt sodann durch Coaks nach
oben und wird auf seinem Wege vermittelst einer Dusche-Ein-
richtung (E), welche unter dem obern Deckel des Cylinders
angebracht ist, durch Wasserregen bewaschen. Hier wird der
Gas wasserfrei und kiihlt sich ab. Jndem das Gas auf dieselbe
Weise noch zwei Cylinder (F und G), welche mit rohem Kalk
angefiillt sind, passiert, tritt der abgekiihlte, getrocknete und
gereinigte Wasserstoft' in den Ballon.
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Jm Generator, gleichzeitig mit der Aussonderung des
Wasserstoffs, bildet sich das Eisenvitriol, welches sich lost.
Diese Losung, nimlich ihre untere (die am meissten gesiittigte)
Schichte, fliesst durch eine Offnung, welche ganz unten im
Cylinder-Generator sich befindet, ab, steigt dann durch ein
aufrecht stehendes Rohr, weleches mit dem Generator einen Re-
cipient (I{) bildet, hinauf und fliesst dann in einen in der
Niihe in die Erde eingegrabenen Bleikasten hinein. Hier priici-
pitiert sich binnen 24 Stunden der Sechmutz. Am folgenden
Tage geht die Losung durch einen Syphon in einen anderen
mit Blei ausgekleideten grossen Behiilter hiniiber. Von hier
wird die Liosung in einen ecbenfalls mit Blei ausgekleideten
Bottich zum Abdiinsten hiniibergepumpt, wo sie sich bis zu
41—43° Baumé verdichtet. Die so verdichtete Auflosung.
tritt in die Blei-Pfannen ein, wo sie sich erystallisiert. Damit
endigt sich das ganze Verfahren, welches so einfach ist, dass
zwei Bauern, direct vom Dorfe genommen, ganz correct damit
fertig werden konnten.

Die Versuche wurden auf offenem Felde, in der Niihe von
der Station Rogan (der Charkow-Balaschow’er Eisenbahn) ange-
stellt, wo ich eine kleine Luftschiff-Station errichtet hatte. *).

*) Jeh habe widhrend der Errichtung dieser Luftschiff-Station und bei
der Organisierung meiner Versuche grosse, zuweilen fast uniiberwindliche
Schwierigkeiten gehabt. Ohne die intelligente Unterstiitzung der Beamten
von der genannten Eisenbahn, hiitte ich unter diesen Schwierigkeiten eine
vollstiindige Havarie erlitten.

Jeh kann es daher nicht unterlassen, Herrn Eisenbahnverwalter A. J.
Klimtschizky und den Angestellten dieser Eisenbahn Herrn S. A. Karpinsky.
A. A. Schurinow und N. P. Gerssewanow meinen wirmsten Dank
auszusprechen.
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Praktische Absch@tzuug des Flug-Apparates v. J 1899.

Die Epoche der wirklich praktischen Luftschiffahrt ist noch
nicht begonnen. Es wird vielleicht das XX-te Jahrhundert in
dieser Beziehung unermesslich gliicklicher sein, als das XIX-te.
Die bescheidensten Wiinsche des praktischen Lebens beziig-
lich der Luftschiffahrt blieben bis jetzt ohne Befriedigung. Das
praktische Leben wiirde sich fiir's Erste damit begniigen, da-
hin zu gelangen, einfache, praktische, bequeme, gefahrlose und
billige Aufsteigungen und Niedergiinge ohne Ballast abzuwer-
fen und Gas ausstrimen zu lassen ausfithren zu kiénnen:; doch
die Erfinder, die mit Leidenschaft sich der Losung des Problemes
des Fluges gegen den Wind hingaben, ignorierten sogar diese
bescheidenen Wiinsche. Auf diese Weise hat man auch bis
jetzt, ausser der gewdhnlichen Luftballons,—dieser primitiven
Flug-Apparate, —auf dem Markte gar nichts.

Es ist klar, dass unser Leben, welches sich durchaus nicht
durch den Uberfluss an praktischen Flug-Apparaten auszeich-
net, in der ersten Zeit an dieselben keine allzu strengen Forder-
ungen stellen und jedenfalls nicht jenen Enthusiasten folgen wird,
welche weder etwas wissen noch wahrnehmen wollen, ausser
des Fliegens gegen den Wind; es wird nicht, wie diese Schwiir-
mer, sagen: gebt uns entweder Flug-Apparate, welche gegen
jeden Wind fliegen kiénnen, oder gebt uns gar nichts; im Ge-
genteil es wird sich auch mit dem Wenigen begniigen, was man
jetzt gleich zur Verfiigung hat und was einen unzweifelhaften
Fortschritt und zugleich iiuch Garantie des weiteren Progres-
ses bildet.
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Und in der That, was wiirden diese Enthusiasten von jenen
Seeleuten sagen, welche desshalb die zu ihrer Zeit existieren-
den Schiffe nicht gebrauchen wollten, weil sich in ihrer Phan-
tasie die zukiinftigen Dampfschiffe vormalten? . . .

Das praktische Leben, fern davon, in der ersten Zeit
von einem Flug-Apparate die mechanischen Eigenschaften des
Fluges eines Vogels zu verlangen, wird es doch zu gleicher
Zeit nachdriicklich von einem jeden Flug-Apparat, der einen
Platz auf dem Markte beansprucht, fordern, dass er die fol-
genden Grundbedingungen erfiille:

1) Einfachheit,

2) Gefahrlosigkeit,

3) Portativitdit,

4) Leichtiglkeit der Leitung,
5) Dauerhaftighkeit,

6) Billigkeit.

Von der Erfiillung dieser Forderungen hiingt die weitere
Existenz eines jeden angebotenen Flug-Apparatesab. Jch bin
iiberzeugt, dass das praktische Leben in meisten Fiillen sogar
den Ballon-Apparat, der nicht im Stande ist gegen den Wind
zu fliegen, doch die gennanten Kigenschaften besitzt,—einem
ballonlosen Apparat, der gegen belicbegen Wind zu fliegen
im Stande ist, vorziehen wird, vorausgesetzt, dass der Letztere
entweder zu compliciert, oder nicht gefahrlos, viel zu teuer,
oder von einer Dauer des Fluges ist, die nicht eine oder nur
wenige Stunden iibersteigt.

Mit der Ausbildung des Flug-Apparates beschiiftigt, war ich
stets bemiiht die Anforderungen des praktischen Lebens nicht
ausser Acht zu lassen, da ich mir vollkommen davon Rechen-
schaft ablegte, dass das kiinftige Schicksal meines Apparates
von der Erfiilllung oder Nichterfilllung dieser Anforderungen
abhiingt. Und ich gestatte mir zu glauben, dass der Flug-Ap-
parat, welchen ich offeriere, mehr als alle anderen Apparate,
an der Pforte der praktischen Lisung des Problemes des Flu-

ges des Menschen stehe.
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1) Mein Flug-Apparat ist einfach sowohl der Jdee nach,
als auch in seiner Construction. Ebenso einfach muss auch
der kiinftige Motor sein, indem alle Teile des Flug-Appara-
tes ein harmonisches Ganzes bilden sollen und der Letatere
sich durch Einfachheit und Zugiinglichkeit auszeichnen soll.
Die Vorarbeiten in dieser Richtung sind von mir schon unter-
nommen worden.

2) Jn der Rubrik der Stabilitit des Apparates (Cap. II
Rubr. 6) konnte der Leser sehen, in wie fern die Chancen fiir
die Gefahrlosiglkeit des Fluges nicht ausbleiben. Jn der That
kam es bei den unsrigen Versuchen vor, dass die einzelnen
Teile des Mechanismus withrend des Fluges zerbrachen: zwei
Mal wurde der Apparat nicht richtig equilibriert und doch
wiithrend aller Aufstiege (wenn auch nicht sehr hoch, so doch
etwa 200 an der Zahl), fand nicht cin einziges Ungliick statt;
withrend der Niederginge konnte der Apparat immer durch die
Fliigel (1898) oder durch dic A@éroplane (1899) in der Luft er-
halten werden und ging lanzsam und sanft nieder. Diese Ge-
fahrlosigkeit erlaubte uns wiithrend unserer Versuche die Fliige
bei verschiedensten Umstiinden zu vollziehen.

3) Die Portativitit des Apparates ist hauptsichlich dem
geringem Umfange des Ballons zuzuschreiben (150--170 ch. Mt.).
Dank diesem Umstande kann man sich mit einem verhiiltniss-
miissig kleinen Raume begniigen, um den gefiillten Apparat
zu jeder Zeit zum I uge bereit withrend 7—8 Tage erhalten zu
konnen. Der Apparat erfordert wenig Zeit, um montiert und
demontiert zu werden, wie auch bloss eine geringe Quantitiit
Wasserstoff zur Fiillung des Ballons. Ausserdem kann er mit
Fiillung und montiert von wenigen Personen von einem Orte
zum anderen getragen werden und es geniigt fiir seinen Tran-
sport ein einziger Wagen, wo auch die Behilter mit com-
primiertem  Wasserstoft filr ecine Ladung den Platz finden
kinnen.
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Mit der Erhohung der Kraft des Motors wird der
Umfang des Ballons sich demgemdiss verringern, so
zie sagen, atrophischer werden, was seinerseits auch
die Tragbarkeit des Apparates noch erhiohen wird.

4) Die Leichtigkeit der Leitung des Apparates wird
durch die Einfachheit seiner Construction bedingt. Der Mecha-
nismus fiir die Leitung des Apparates ist sehr uncompliciert;
der Luftschiffer hat in den Hinden einen Griff fiir Leitung
der Aéroplane und zwei fiir den fiihrenden Mechanismus; er
kann die beiden Griffe in eine bestimmte Lage bringen, je
nachdem er die bewegende Kraft nach oben, nach unten, vor-
wiirts oder riickwiirts richten will, um den progressiv-sinken-
den Flug zuriickzuhalten. Dieser Apparat erfordert weder eine
grosse Fertigkeit fiir seine Leitung, noch besondere Vorkent-
nisse.

5) Die Dawerhaftighkeit cines gewishnlichen Luftballons
ist durch einen bis zwei Aufstiege begrenzt, withrend welcher
der Ballast un der Gas verbraucht werden. Die Ursache der
geringen Dauerhaftigkeit des Luftballons besteht in der Con-
struction desselben. Der Flug-Apparat, den ich propagandiere,
kann withrend 7—8 Tage verwendbar sein, withrend welcher
Zeit die Anzahl der Aufstiege beliebig gross sein kann. Jn dieser
Zeit entweicht durch das Gewebe des Ballons ein Teil des Ga-
ses und der Apparat wird schwerer infolge der Riick-Diffusion
der Luft. Die Dauerhaftigkeit des besprochenen Apparates
hiingt nicht von dem Wesen seiner Construction, sondern von
den zeitweiligen technischen Unvollkommenheiten der Berei-
tung des Ballon-Gewebes ab. Es sind Andeutungen vorhanden
(erinnern wir uns an die verloren gegangene Composition von
Kuttel), um mutmassen zu kinnen, dass die Fabrication der
fiir Gas undurchdringlichen Gewebe sich vervollkommnen wird
und dass sich dann die Ausdauerfithigkeit eines Flug-Apparates
mit Ballon—auf mehrere Monate verlingern kinnen wird,
was fiir grissere Luftreisen von bedeutender Wichtigkeit ist.

208


bill
Typewriter
208


— 65—

6) Der Preis des Apparates ist auch ein sehr wichtiger
Factor, der die Grenzen seiner praktischen Anwendung im
Leben bestimmt. Die Fahrriider wiirden sich schwerlich so
sehr verbreitet haben, wenn ein Fahrrad mehrere tausende
Mark gekostet hiitte. Ebenso beschriinkt der Preis von meh-
reren tausend Mark fiir einen Flug-Apparat in bedeutendem
Masse das Gebiet seiner Anwendung im Alltagsleben.

Der kostspieligste Teil des Flug-Apparates ist der seidene
Ballon. Der iibrige fithrende Mechanismus mit allem Zubehor
kann etwa 200 Rubel kosten, wenn man von Handwerkern
seine Bestandteile verfertigen lisst. Der Preis aber fiir den
seidenen Ballon schwankt zwischen 800—1000 Rubel. Wenn
man anstatt eines seidenen Ballons sich mit einem baumwol-
lenen begniigen wiirde, welche Ballons man in der deutschen
Armee verwendet, so wiirde ein solcher Flug-Apparat bloss
500—Dbis 700 Rub. kosten. Bei der Fabrication der Flug-Ap-
parate en gros wiirde ihr Preis zweifellos noch niedriger
werden.,
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VII CAPITEL.

Uber die muthmassliche praktische Verwendung des Flug-
Apparates des Typus v. J. 1899,
A. Jm Militirwesen..

Jndem ich es gerne gestehe, dass ich in der Frage iiber
die Bedeutung der Luftreisen fiir militirische Zwecke nicht
competent bin, so werde ich es mir jedoch erlauben, einige
darauf beziigliche allgemeine Bemerkungen zu machen, die
nicht allein den Fachleuten vestiindlich sein sollen.

Die Flug-Apparate kinnen in diesem Bereiche fiir folgende
Zwecke verwendet werden:

1) Fiir  den Recognoscierungs-Dienst so wohl auf kleine
Distancen, als auch fiir die Recognoscierungen tief in der
Mitte der feindlichen Position.

2) Fiir die Telegraphie ohne Draht zwischen den einzelnen
Abteilungen der Armee.

3) Fiir die topographischen Aufnahmen des Terrains zum
Zwecke der Erlangung einer genauen Kundschaft in Bezug
auf die grossen und kleinen Communikationswege, wie auch
iiber die verschiedenartigen Hindernisse fiir den Transport
der Truppenabteilungen ete; ebenso fiir die Anfertigung von
Plinen der Flussbetten und zur Auffindung von Furten.

4) Fiir die genaue Bestimmung der Entfernungen zwischen
den feindlichen Heeren zu den Zwecken der Kimpfe mit Ge-
wehren und Kanonen; fiir die Beobachtungen der Wirkung
des Feuers der Artillerie und fiir dessen richtige Leitung.

5) Als Beobachtungs-Punkt fiir den Feldherrn vor und
wihrend der Schlacht; fiir die Erhaltung der genauen und so-
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fortigen Kenntnisse iiber die Resultate der vorgenommenen
Operation; fiir die Controlierung der genauen Durchfithrung
der durch die Armeeabteilungen unternommenen Bewegungen
und zum Zwecke der genaueren Leitung dieser Bewegungen.

6) Zum Zwecke der Beseitigung des sich meistens als
unzuverliissig erweisenden Systems des Spionierens, oder we-
nigstens dazu, um die durch die Spione gelieferten Auskiinfte
zu controlieren und dadurch im grissten Grade die Spione
zu mehr Aufrichtigkeit und Genauigkeit zu veranlassen.

7) Zur Beschriinkung des Verbrauches der Mannschaft fiir
die Recognoscierungs-Abteilungen, die 6fters die eine oder die
andere Waffenart schwichen.

8) Als das bequemste Mittel fiir den Befehlshaber, welches
dem Letzteren die Miglichkeit geben wird, in jedem beliebigen
Momente iiber die wirkliche Disposition und iiber den Zu-
stand des Nachzugs der Armee (der Reservecorps’, der Wagen-
burg, der Lazarethe, der Communicationswege etc.) in Kennt-
niss gesetzt zu werden.

9) Fitr die schnelle und genaue Diagnose der frind-
lichen Position, der Kidfte des IFeindes und seiner
Mittel, was zur nativrlichen Folge die Schleuwighkeit
und Ziweckmdssigkeit des Angriffes einer Armee haben
wird, welche die Lujftschiffahrt als Recognoscierung-
smittel bendiitzen wird. :

Es wiire ganz iiberflussig, sich iiber den Nutzen der Reco-
gnoscierungen umstéindlich auszulassen; es geniigt zu bemer-
ken, dass dieselben jenes rohe Material der Nachrichten iiber
den Feind gewiihren, welches die Basis fiir die Schlachtpline
bildet, und auf Grund dessen sogar die bereits construierten
Schlachtpline der Anderung unterworfen werden. Bei der
jetztigen Schnelligkeit der Translocation der Truppen (dank
dem Netze der strategischen Eisenbahnen), ist es notwendig,
dass die Resultate der Recognoscierungen wollstindig und
schmell an’s Ziel gelangen. Jede Verzigerung in der Erhal-

211


bill
Typewriter
211

bill
Rectangle


—~ 66 —

tung dieser Nachrichten, ihre Unvollstiindigkeit oder Verwor-
renheit kénnen fatale Folgen sogar fiir den ganzen Feldzug
nach sich fiihren.

Bis in die letzte Zeit erfiillten die Recognoscierungsabtei-
lungen und die Streifwache ihre Funktion in befriedigender
Weise, indem sie, gleich Fithlhérnern, auf kurze Entfernungen
von ihrem Hauptcorper aus,—dem Armeecorps, zu dem sie ge-
hiiren, vortraten und beim ersten Nahen der Gefahr sich sofort
wieder zuriickzogen.

Aber bei der heutigen Art der Kriegsfithrung befriedigt die
Rolle der kurzen Fiihlhérner nicht mehr die Anforderungen
der Zeit.

Die modernen fernwirkenden Schusswaffen haben in be-
deutendem Masse die Entfernungen zwischen den Kriegfiihren-
den vergrissert. Es ist klar, dass unter diesen Bedingungen
die Recognoscierungs-Abteilungen sich von ihren Armeecorps
auf bedeutende Distancen entfernen miissen, um sich der Po-
sition des Feindes zu niithern; auch kann das nur dann ge-
schehen, wenn diese Abteilungen geniigend stark sind, um bei
einem unerwarteten Zusammentreffen den Angriftt des Fein-
des aushalten zu kinnen.

s werden die Recognoscierungs-Abteilungen, auch in
grossen Massen auf bedeutende Distancen sich von ihren Ar-
meecorps entfernend, doch nicht im Stande sein, der feindlichen
Position in die Nihe zu kommen, infolge der Fernwirkung
der modernen Schusswaffen. Die Anwendung aber vom rauch-
losen Pulver wird es hochst erschweren, die Position des
Feindes genau zu bestimmen, sowie auch die Anordnung sei-
nes Lagers, seine Anzahl ete, oder es wird das alles mit dem
Verluste an Zeit und Menschen verkniipft sein.

Alles das spricht dafiir, dass das gegenwiirtige System des
Recognoscierungsdienstes bei den gegenwiirtigen Bedingungen
der Kriegsfiihrung—dem rauchlosen Pulver, der Fern—und
Schnellwirkung der Gewehre,—eine griindliche Reform er-

heischt.
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Schon der Umstand. dass ein jeder Hohenzug, ein jeder
Hiigel, den eine Recognoescierungs-Abteilung auf ihrem We-
ge trifft, ihr eine kostbare Hilfe leistet und moglichst vollstin-
dig utilisiert wird,—das beweist, dass Beobachtungen von
oben sich als ideale Art der Recognoscierung priisentieren.
Ein einziger Mensch. selbst wenn er in iiissiger Hihe vom
Luftschiffe aus Beobachtungen macht, kann viel vollstin-
digere Jnformationen liefern, als ein ganzes System von
Recognoscierungs-Abteilungen, welche unten, auf der Erde,
thiitig sind.

s ist wohl wahr, dass die ungiinstigen athmosphiirischen
Bedingungen, die Nebel, starke Winde und Regen—die Beobach-
tungen von oben unmdaglich machen; doch dienen dieselben
Umstiinde auch den Recognoscierungsabteilungen als Hinder-
nisse, Von der Hohe des Aerostats dagegen bei den giinstigen
Bedingungen kann in einer Stunde die wiihrend mehrerer
Tage verlorene Zeit nachgeholt werden. *)

#) Anmerkung. Es ist an dieser Stelle auch die Verletzbarheit des Flug-
Apparates durch das Beschiessen zu erwiihnen. Es scheint, als wire der
Flug-Apparat am meisten dieser Gelahr ausgesetzt, wenn er iiber den
Feind passiert. Doch ist die Verletzbarkeit des Flug-Apparates beim ver-
tical angelegten Ballon sehr unbedeutend. Die Photographie N 3 (8. die
photogr Tab.) ist in demjenigen Momente aufgenommen worden, als der
Apparat beinahe senkrecht {iber dem Kopfe des Photographierenden sich
befand. Der Ballon ist hier vollstindig mit der Aecroplane verdeckt, welche
in der Hihe eine ganz unbedeutende bewegliche Fliache als Zielpunkt dar-
bietet. Die Photographie Ne 2 stellt eine Ansicht des Apparates in einem
Winkel von 15°—20° zur Verticalen dar. Hier prisentiert sich der Ballon in
der Projection ebenfalls als eine ganz geringe Fliche. Von etwa 20° von der
Verticalen an—vergrissert sich der Zielpunkt; doch es vergrissert sich dabei
zugleich auch die Entfernung des Apparates von Schiessenden. Man soll
aber auch nicht vergessen, dass alle diese Fliige tiber die feindlichen Po-
sitionen in der Hohe von wenigstens 2 Werst vollzogen werden sollen, wie
es bei Luftschiffahrten fiir militirische Zwecke {iblich ist. Die geringe
Fliiche unseres Flug-Apparates, die er als Zielpunkt bietet, wird ihm aber
gestatten, bedeutend niedriger tiber die feindlichen Positionen zu passieren,
was von grosser Bedeutung fiir die Vergriisserung der Dimensionen, folglich
aber also auch fiir die Genauigkeit der photographischen Aufnahmen ist,
wie auch, andererseits,—fiir die Erweiterung der Grenzen des Gebietes, wo
der Apparat in der verticalen Ebene zu lavieren hat.
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Es wird der Recognoscierungsdienst, wenn die kleinen tragba-
ren Flug-Apparate in Gebrauch kommen werden, im Stande
sein, seine Functionen viel besser und mit Verwendung von
wenigeren Personen zu erfiillen. Eine kleine Truppenabteilung
von ungefihr 10 Mann mit einem Flug-Apparate, einer Fuhre
und 2 Pferden—es ist alles, was dazu erforderlich ist, um mehrere
Recognoscierungsabteilungen mit Erfolg zu ersetzen. Einige
Zehner von solchen Flug-Apparaten wiirden die Entnahme
zahlreicher Mannschaft von der Armee iiberfliissig machen und
zugleich auch die kostbare Zeit fiir die Leistung des Recog-
nocierungsdienstes sparen. Auf dem Wagen befinden sich die
mit dem comprimierten Wasserstoft' gefiillten Hiilsen, welche
fiir eine Ladung (150—170 Ch. Met.) erforderlich sind; daselbst
kann man auch den Flug-Apparat, der 4—5 Pud wiegt, (de-
montiert und zusammengelegt) unterbringen. Wenn es darauf
ankommt, kann der Apparat zu jeder Zeit binnen weniger als
einer halben Stunde flughereit gemacht werden.

Beim ungiinstigen Winde kinnen gefesselte Aufsteigun-
gen vollfithrt werden (nach der Art der gewdhnlichen Papier-
Drachen). Beim ruhigen Wetter dagegen oder beim schwa-
chen Winde kann man freie Aufstiege vollziehen und sich
ganz nach Belieben nach allen Richtungen bewegen. Nach der
Priifung der Gegend kann der Flug-Apparat mit der Fiil-
lung von 2 bis 3 Personen leicht von eciner Stelle nach der
anderen transportiert werden. Um den Transport zu erleich-
tern, hiingt man dem Ballon entlang kleine Sicke mit Erde
gefiillt an, wodurch die Aufsteigungskraft gemiissigt wird.
Auch kann der Apparat von einem Orte zu cinem anderen
per Luft mit dem darin sich befindendem Luftschiffer trans-
portiert werden.

Mehrere von solchen kleinen Gruppen der Flug-Apparate,
wenn sie sich in gewissen Entfernungen von einander als
Etappen verteilen und auf diese Weise eine Kette bilden, kin-
nen sich mit dem Generalstabe durch den drahtlosen Telegraph
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von Prof. Popow in Verbindung setzen, um sofort die Resul-
tate ihrer Beobachtungen zu iibermitteln.

Der Zusammenstoss zweier Armeen, von denen die eine
die erwithnten Mittel zu den Recognoscierungen per Luft zur
Verfiigung hat, die andere aber nicht,--wird einem Kampfe
zwischen einem Blinden und einem Sehenden gleichen,

Da der Recognoscierungsdienst die feindlichen Positionen,
wie es in der jetzigen Zeit der Fall ist, nur in der Peripherie
_studieren kann; so erfiillt er seinen Zweck noch lange nicht,
nimlich in Bezug aufdie Vollstindigkeit der Auskiinfte,
welche iiber den Feind geliefert werden. Es wiirde dieser
Dienst in der Ausfithrung seiner IFunctionen ideal sein, wenn
er die Moglichkeit hiitte in die Mitte der feindlichen Positionen
zu dringen, in den entlegensten Stellungen der feindlichen
Kriifte, iiber die Reserve-Abteilungen, Communicationswege,
Wagenburgen, Lagerplitze, die innere Einrichtung der Forte
und der Festungen ete. ete. die Auskundschaftungen zu
machen.

Fiir die lingeren Luftreisen ist die Organisierung von spe-
ciellen Flug-Apparaten, welche mit photographischen Appara-
ten versehen werden sollen, notwendig. Nachdem ein Versuchs-
Flug-Apparat aufgestiegen ist und in einer Hohe von 1—3
Werst eine giinstige Luftstromung in der Richtung des
Feindes gefunden oder eine solche durch die Bewegung der
Wolken, wie es sehr oft geschicht #), bestimmt hat, so sendet
man eine kleine Abteilung von Flug-Apparaten hinauf.

Wenn diese Abteilung gerade iiber den feindlichen Posi-
tionen sich befindet, so photographiert sie auf dem Wege die
Letzteren: dann laviert sie in verticaler Ebene nach oben oder
nach unten; es sucht die genannte Abteilung fiir seine Riick-

#) Anmerkung. Die Bewegung der Wolken wird in diesem Falle fiir
den Luftschiffer, selbst wenn er sich oben in ihrer Mitte befindet, grosse
Hilfe leisten.
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kehr eine giinstige Luftstromung, welche sie benutzt, sobald
die Letztere gefunden wird, oder wartet ab, bis der Luftzug
fiir die Riickkehr giinstig wird, indem man in Aussicht zu
haben hat, dass die Richtung der Luftstromungen im Laufe
des Tages sich oft veriindert. *)

Die Fihigkeit in den Luftstromungen wvon ver-
schiedener Richtung zu lavieren wund die gitnstigen
Luftstromungen zw finden ist vom grossten Werthe
und erweist sich als der Hauptfactor aller zulkiinfti-
gen Luftreisen von einer grossen Zeitdauer.

Das Studium der Luftstromungen in verschiedenen Héihen
tiir jede Ortlage je nach den Jahreszeiten und den Stunden
des Tages wird, wie Flammarion sagt, als Lisung des grossen
Problemes der Lurtschiffahrt dienen. Es ist selbstverstiindlich,
dass die Gesetze, den die Luftstromungen unterliegen, wer-
den schnell studiert werden, wenn sich die Moglichkeit dazu
bietet; doch in der Periode dieses Studiums wird man gens-
thigt sein die lingeren Luftreisen vorliufig noch ohne Sicher-
heit, beinahe auf’s Gerathewohl und bei der &fteren Abhiin-
gigkeit vom blinden Zufall zu vollzichen. .Je nachdem die
Luftstromungen studiert werden, wird auch das Gesetz der
Zufilligkeit seinen Platz dem constanten Gesetze einriumen.
Jn den Gegenden, wo der Schauplatz des IKrieges vor-
auszusetzen ist, wird es die Pflicht der Regierung
sein, empirisch, gleich den Communicationswegen auf
dem Lnnde, die Luftstriomungen in verschirdenen Ho-
hen je nach den Jahreszeiten und den Stunden des
Tages im Voraus zu studieren, specielle Karten heir-
zustellen und dieselben geheim zu halten.

#) Anmerkung. Moritz Forman hat wihrend der Versuche mit einem Pro-
be-Lufthallon gezeigt, dass der Wind bis zu der Héhe von 1600 Meter
seine Richtung 9 Mal wechselte. (die Wunder des Luftoceans. Seite 34).
Ausserdem wechseln noch die Winde ihre Richtung im Verlaufe des Ta-
ges, indem sie die sogenannte Windrose bilden,
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Schon jetzt sind uns recht viele Thatsachen bekannt, wel-
che darauf hinweisen, dass sogar in unbedeutenden Hohen die
Luftstromungen eine relative Bestindigkeit in der Geschwin-
digkeit, in den grosseren aber Hohen-—in der Richtung besit-
zen, indem ,sie sich mit einer grossartigen Gleichmiissigkeit,
gleich' einem Riesenstrome bewegen“ (Flammarion) und da-
durch sich scharf von den veriinderlichen Winden, die auf
der Erdoberfliche wehen, unterscheiden. Es sind dijenigen
Lufstromungen (Golf-streams), welche instinctmiissig die Zugvi-
gel withrend ihrer Luftreisen, trotz ihres idealen Apparates, be-
niitzen, indem sie auf diese Weise 100 bis 200 Werst pro

Stunde zuriicklegen.

Zur Unterhaltung der Verbindungen zwischen verschiede-
nen Armeecorps; zur Erteilung von Befehlen, fiir die Erhaltung
der Jnformationen ete. hat der Recognoscierungsdienst zu sei-
ner Verfiigung sehr viele und sehr verschiedene Mittel: Te-
legraph, Telephon, Signalisieren, Tauben, dressierte Hunde
ete.—und das alles ist speciell fiir den inneren Dienst eines
jeden Armeecorps’ angepasst,

Alle diese Mittel haben sowohl ihre Vorziige, als auch
ihre Miingel, und die Vorziige der einen ersetzen die Mingel
der anderen. Daher kann die Anwendung von Flug-Appara-
ten fiir dieselben Zwecke alle ihre Mingel vergelten, indem
sie auch keineswegs die Beniitzung von anderen Mitteln aus-
schliesst. Die Praxis selbst wird zeigen, was fiir Mittel man
bei jeder einzelnen Gelegenheit zu gebrauchen hat. Das
Hauptsiichlichste ist, dass man das besitze, voraus man zu
wiithlen im Stande wiire.

Ein jedes Regiment kann zu diesem Zwecke einen Flug-
Apparat zu seiner Verfiigung haben. Die Tragbarkeit des
Apparates gestattet ihm bloss eine Fuhre und wenige Dienst-
leute dazu zu gebrauchen und dem Armeecorps in seiner
Translocation zu folgen, ohne demselben zur Last zu fallen.
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Die Versuche mit dem drahtlosen Marconischen Telegraph,
vom Aérostate aus, welche im Auslande angestellt waren, gaben
vollstiindig befriedigende Resultate. Sie machen der prakti-
schen Anwendung dieses Systems fiir den Recognoscierungs-
dienst—die Thiir des Nutzens und der Commoditit breit und
weit auf.

Eine jede Batterie kann ihren eigenen Flug-Apparat fiir
die Beobachtungen der Wirksamkeit des Feuers der Artillerie
und zum Zwecke dessen richtiger Leitung haben. Beim Schies-
sen nach einem unsichtbaren Ziele, wie das dfters mit den
modernen Gewehren von grosser Schussweite vorkommt, kann
der Flug-Apparat auch einen guten Dienst leisten, da doch
das fiir den Schiessenden unsichtbare Ziel fiir den Luftschiffer,
von seinem A#érostate aus, sichtbar sein kann. Die Versuche
von solcher Anwendung der Flug-Apparate werden bereits in
Deutschland, England, Frankreich und Jtalien angestellt.

Die Jdee der Leitung einer Schlacht von der Hihe eines
Aerostates wurde im Auslande schon mehrere Male sowohl
auf dem Schlachtfelde, als auch withrend der Mandver ver-
wirklicht. Zu diesem Zwecke kann sehr leicht ein Flug-Appa-
rat fiir 2 Mann construiert werden, von welchen der eine den
Apparat zu leiten hiitte.

Wenn der Befehlshaber die Moglichkeit besitzt vom Aero-
state aus sehmell und genaw die Dispositionen und die Kriifte
der Feinde zu erforschen, so ist er auch im Stande schnell
und zweckmiissig seine Kriifte gegen den Feind zu richten
Schon dieser einzige Umstand bei der Gleichheit der iibrigen.
Bedingungen, indem er das strategische Grundprineip der
~Plitzlichkeit befriedigt,—gewiihrt ungeheuere Vorteile derje-
nigen Streitpartei, welche die Mittel fiir Recognoscierungen
per Luft zur Verfiigung hat.
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Ausserdem kann der Flug-Apparat eine mannigfaltige
Anwendung haben:

B. Jn der Marine: fiir den Recognoscierungsdienst
auf der offenen See; fiir die Auskundschaftungen in Be-
zug auf die Anniherung der Torpedobite und der anderen
Fahrzeuge unter der Wasseroberfliiche, wie auch fiir die Aus-
kundschaftungen der durch Minen vorbereiteten Hindernisse,
der Klippen und der Sandbiinke; zur Priiffung der Ufern vor
der Landung; fiir die drahtlose Telegraphie zwischen den ein-
zelnen Schiffen ete. ete. Diese Arten der Anwendung der Flug-
Apparate werden sehr sorgfiiltig und ausfiihrlich vom Lieute-
nant M. Bolschew in seinen Vorlesungen behandelt, an wel-
che ich darum den Leser verweise, der Niheres dariiber wis-
sen mdachte,

C. I'iir meteorologische Untersuchungen.

D. Iiir wissenschaftliches Studieren der Athmosphiire.

E. FFiir Photographie.

F. Zur Aufnahme von topographischen PlLinen der Land-
schaften und Flussbetten.

G. Fiir medicinische Zwecke (Bergluft).

H. Fiir die Forschungen beim Baue von Eisenbahnen,

J. Riir geographische Studien; fiir die Uberfahrt iiber die
Berge, Abgriinde ete.

XK. Fiir den Sport.

L. Fiir den Posttransport (Deutsch-franz. Krieg v. j. 1870).

Anmerkung. Es werden sich sicherlich solche Kritiker
finden, welche sich krampfhaft an die gegenwiirtigen Luftbal-
lons anklammernd, behaupten werden, dass alles, was oben in
diesem Capitel erwiihnt wurde, auch ebenso gut mit den gewishn-
lichen Luftballons erlangt werden kinne. Gewiss, ist es im
Grunde ganz richtig, ganz ebenso, wie auch das, dass man
auf einer gewdhnlichen Fuhre fahren, ohne Telegraph durch die
Couriere correspondieren, mit Bogen schiessen kann ete. ete.
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Doch ist es kaum wahrscheinlich, dass man solche Freunde
(oder Feinde) finden kénnte, die einem solchen perfiden Rat
folgen wiirden, wenn sié sich des alten militirischen Grund-
satzes erinnern, dass ,wer zuerst mit neuen Kriegsmitteln
kommt, stets bedeutende Vorziige im Kriege erlangt“. (Leer.
(Offentliche Vorlesungen iiber den Krieg 1870.—Seite 8).

Alles was in diesem Artikel gesagt wurde, giebt, meiner
Uberzeugung nach, dem Leser genug Griinde zu vermuten,
dass wir den toten Punkt schon passiert und die Luftballons
schon weit hinter sich gelassen haben. Ubrigens zeigt die
Geschichte zu meiner Trostung auf jeder ihrer Seiten, dass die
Macht der Dinge durch den fatalen Gang der Ereignisse im-
merwiihrend doch schliesslich den Sieg trigt und den Willen
der Einzelpersonen nivelliert.

220


bill
Typewriter
220


CAPITEL VIIIL.

Vergleichende Tabelle der Werthabschdtzungen bei prakti-
scher Anwendung eines Luftschiffes jetzigen Typus' und
des Flug-Apparates vom Typus 1899.

Die folgende Tabelle, welche von der ,unparteischen* (?!)
Kritik mit dem Namen einer ,schamlosen Reclame® (!) ge-
tauft wurde, ist von mir noch im vorigen Jahre zusammen-
gestellt worden. Jn dieser Tabelle ist eine Parallele zwischen
meinem Flug=Apparate und dem gewdhnlichen Luftballon
aufgestellt. Der Letztere, als einziger faktisch existierender
Flug-Apparat, wurde von mir als Vergleichungseinheit ange-
nommen,.

beim Lufischiff. beim Flugapparat:

1. Die Fiillung mit Was- | 15 Mann und da-|3—4 Mann.
serstoff, die Takelage und | riiber,
iiberhaupt die ganze Aus-
riisstung zum Fluge erfor-
| dert

2. Zeit zu Allen Vorbe- | 3—4 Stunden, von !/z bis zu 1 Stunde.
reitungen bei gleichen Be-
dingungen des Fiillens ist
erforderlich

3. Die Uebertragung ei- | wird nicht ausge-|2—3 Mann erforderlich.
nes gefiillten und ausge-  fiihrt,
riisteten Apparates bei
Truppenbewegungen |

4. Die Uebertragung in | 15 Mann und mehr, | 3 Mann.
zusammengelegtem  und |
auseinandergenommenem
Zustande erfordert

5. Der Transport des |7 Fuhren und mehr,|1 Fuhre.
Apparates mit allem Zu-
behir, inbegriffen der
Dampfwinde, aber ohne
Wasserstoffflaschen, er-
fordert

6. Zur Benutzung des eine Dampfwinde, |keine.
Apparates als  ballon-cap-
tif* ist erforderlich
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7. Der Aufflug eines
freien Apparates, wie er
gewdhnlich ausgeiibtwird,
geschieht

8. Der freie Anfflug bei
ruhigem Wetter

9. Der freie Aufflug bei
verschiedenen  Luftstro-
mungen und in verschie-

dener Hohe

10. Der Augenblick des
Niederlassens

11. Das Niederlassen

zur Erde.
Auf-

12. Mehrmaliges

' und Niedersteigen

13. Eine Fiillung mit

: Wasserstoff dient

14. Die

beim Luftschiff:

/in eine schon frii-
' her bekannte Hihe,
{welehe durch die
innere Einrichtung
des Ballons Dbe-
stimmt wird,

dasselbe ist unlenk-
| bar,

treibt mit der Stro-
mung,inwelche der
Ballon zufillig ge-
| riith,

ist in der Gewalt
des  Luftschiffers,
so lange der Vor-
rath

| reicht,

ist  grisstentheils
gefithrlich,

ist unmiglich,

Kosten einma-

ligen Anfiillens mit Was-

serstoff.

15. Die Kosten des gan-| von 6000 R. und

zen Apparates betragen.

16. Praktische Anwen-
dung des Apparates:

mehr.

1. Bei
schen
rungen.

2. Zum
graphieren.

4. Bei meteorolo-
gischen Forschun-
gen.

4. Zu Vergnii-
genszweckens.

militiri-

Photo-

222

von Ballast

| fiir einmaliges Auf- |
steigen, viel fiir|
zweimaliges,

beim Flugapparat:

von 1 Meter angefangen
bis zu beliebiger Hohe,
je nach Wunsch des Luft-
schiffers.

ist lenkbar.

derLuftschiffersuchtnach
belichen seinen  giinsti-
gen Wind

ist immer in der Gewalt

des Lufschiffers, ganz

grosstentheils nicht ge-
fahrlich,

unzithl, Male miglich.

fiir zahllose Male inner-
halb S—9 Tagen, bei un-
bedeutendem Hinzufiillen
des infolge der Diffu-

stoffes.

betragen nichts, weil das
dabei gewonnene Eisen-
vitriol die Ausgaben des
Fiillens villig deckt.

unabhiingig vom Ballast. |

sion entwichenen Wasser-

ungefihr 800—1000 R. bei |

| einem  seidenen  Ballon,
[neben 500—700 R. bei ei-
nem Kattun-Ballon.

| Sieh. VII Capitel.

Recognosei- |
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CAPITEL IX.
Folgerungen.

1. Das Bestreben jetzt auf einmal das uralte Problem des
Fluges des Menschen in seinem ganzen Umfange durch
die Construction von Flug-Apparaten ohne Ballon zu lisen
ist das Resultat einer falschen Jdee, die epidemisch unter
der Masse verbreitet ist. (Seite 3).

2. Die Liosung dieses Problems wird nur aut dem experi-
mentalen Wege sich vollziehen, von der Erreichung der einfa-
chsten Formen des Fluges (beim ruhigen Wetter) beginnend
und langsam, stufenweise, vermittelst einer Reihe von Meta-
morphosen, die complicierten Formen erreichend, welche allen
Forderungen des praktischen Fluges des Menschen entsprechen
werden. (Cap. X).

3. Der von mir angebotene Flug-Apparat gehirt zu dem
Typus der Flug-Apparate, velche an Gewicht schawwerer, als
die Luft, sind, und repriisentiert die erste Stufe der langen
Leiter der Evolution des Flug-Apparates, die mit dem Luft-
ballon, der leichter, als die Luft, an Gewicht ist, (und wo nur
»das passive Gewicht® vorhanden ist und das ,actives® ganz
fehlt), beginnt und mit dem ballonlosen Flug-Apparate, der
schwerer an Gewicht, als die Luft, ist, (wo nur das ,active Ge-
wicht“ vorhanden ist, ohne das ,passive®). endigt, d. h. vermittelst
eines allmihligen l’jbérganges vom einzig vorhandenen ,passi-
ven Gewichte* zum alleinigen ,activen Gewichte®. (Cap. 1I).

4. Die Evolution dieses Flug-Apparates wird Hand in Hand
mit der Steigerung der Quantitit der produktiven mechani-

schen Arbeit des Motors gehen, welcher das quantitative
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Wachsen der Macht des Apparates befordern wird; es wird
jedoch der Motor Lkeine neue Jdee des Fluges mit sich
bringen. (Cap. II).

5. Vor dem Erscheinen eines vollstindig fiir den Flug ge-
eigneten, ecinfachen, leichten starken und nicht gefiihrlichen
Motors muss der Atéronaut selbst dessen Rolle ausfiihren.

6. Die ganze Arbeit des Motors muss der Hebung eines ge-
wissen Gewichtes in die Luft gewidmet sein; der Niedergang
des Apparates aber vollzieht sich durch die Schwerkraft der
emporgehobenen Last. (Cap. 1II).

7. Der progressive Flug entwickelt sich auf Kosten des
Niederganges des Apparates zur Erde und priisentiert sich als
Resultante zweier Kriifte: der propellierenden horizontalen Kraft,
einerseits, und der Schwerkraft des Apparates. andererseits.

Die Geschwindigkeit des progressiv-sinkenden Fluges be-
findet sich in der directen Abhiingigkeit von der Grisse des
Gewichtes, welches vom Motor gehoben wird, und von dem
Winkel der Neigung der Agroplane.

Die Grisse der cigenen Geschwindigkeit des progressiv—
sinkenden Fluges bedingt ihrerseits seine Fihigkeit in dem
oder jenem Masse den Widerstand dem Gegenwinde zu leisten,
(Cap. II, Abt. 4 u. 5).

8. Die Kraft, welche den Apparat withrend seines progressiv-
sinkenden Fluges nach unten treibt, kann mehrfach die Kraft,
welche den Apparat von der Erde aufhebt, iibersteigen, und
das geschieht auf Grund der Kraft des ,latenten activen Ge-
wichtes* u. der Kraft des ,latenten passiven Gewichtes®,
(Cap. II, Abt. 2 u. 4).

9. Trajectorie des progressiv—sinkenden Fluges priisentiert
sich als wellenfirmige Linie (Wellenflug), die aus einer Reihe
fast verticaler Aufstiege und abschiissiger Niedergiinge besteht.
(Cap. I, Abt. 7).

10. Der vertical angebrachte Ballon bietet die am wenigsten
schiidliche Segelung bei seiner Bewegung gegen die Luftstri-
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-mung sowohl beim Aufstiege, als auch beim Niedergange des Ap-

parates, und erfiillt dabei zwei Functionen: a) er ergiinzt die
(fiir das Emporheben des ganzen Apparates in die Luft) erfor-
derliche fehlende Aufsteigungskraft des Motors und b) ga-
rantiert dem Flug-Apparate dessen Stabilitit. (Cap. 1I).

11. Der vertical angebrachte Ballon weicht bei seinem
progressiv -sinkenden Fluge von der senkrechten Linie in
einem bestimmten Winkel zuriick und stellt sich mit seinem
unteren spitzen Ende dem Winde entgegen.

12. Die Fihigkeit zwischén verschiedenen Luftstrimungen
von verschiedener Richtung zu lavieren und eine giinstige Luft-
stromung aufzufinden wird den Hauptinhalt der Mechanik
des praktischen Fluges des Menschen sogar in der entfern-
ten Zukunft bilden.

13. Der praktische Flug wird mit dem lenkbaren Fluge
withrend des ruhigen Wetters oder beim schwachen Winde
beginnen und sich mit dem Fluge gegen den starken Wind
vollenden, jedenfalls aber nicht umgekehrt.

14. Der ganze Cyclus der Losung des Problemes vom Fluge
des Menschen wird sich dann vollenden, wenn die Flug-Appa-
rate fitr Alle zugdnglich sein werden.

Schluss.

Jeh komme zum Schlusse meiner Arbeit. Die Zukunft wird
es zeigen in wie fern meine Gedanken und Pline sich als rich-
tig und praktisch erweisen werden. Der moderne Mensch
wird kaum den ausgesprochenen Jdeen eine richtige Beur-
teilung gewiihren: er ist viel zu viel dem schwiirmerischen
Hirngespinst ergeben, it einem Schlage einen Flug-Apparat
zu schaffen, der selbst gegen einen ,Sturmwind“ zu fliegen im
Stande wiire. Ein ganzes Jahrhundert hat er dazu verwendet,
diesen heissen Wunsch zu verwirklichen und war stets ge-
neigt, alle iibrigen Errungenschaften auf diesem Gebiete, wel-
che nicht direct auf dieses Ziel sich beziehen, zu vernachlis-

sigen. .
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Die Anstrengungen das Problem des Fluges des Menschen
in seinem ganzen Umfange awf einmal zu 15sen,—das ist eine
falsche zudringliche Jdee, die, epidemisch in Menschenmassen
verbreitet, stets den menschlichen Verstand in Fesseln hielt
und auch noch jetzt hiillt und welche die Luftschiffahrt ver-
hindert 1egelmdssig und allmdhlig sich zu entwickeln. Die
factische Existenz der Flug-Mechanismen, welche von der Na-
tur geschaffen sind, welche tiglich an ihr Dasein die Men-
schheit erinnern und ihre Nachamungslust reizen, niihrte von
altersher diese falsche Jdee.

Und wiihrend die Verwirklichung vieler Erfindungen (Te-
lephon, Rintgenstralen etc.) fricher stattfand, als der Mensch
sich klar die Maglichkeit ihrer Erscheinung formulierte, wiih-
rend diese Verwirklichung unerwartet kam und sogar in ihrer
primitiven Gestalt die dazu unvorbereitete Menge in Erstaunen
setzte, sehen wir in der Jdee des Fluges des Menschen eine
umgekehrte Erscheinung: die Jdee der Mdoglichkeit sich des
Luftoceans zu bemiichtigen, klar und deutlich von dieser Men-
ge formuliert, iiberholte auf einen viel zu grossen Schritt die
Miglichkeit ihrer faktischen Verwirklichung. Dieser Umstand
erzeugte unglaubliche Priitensionen des Menschen beziiglich
der kiinstlichen Flug-Maschine: es kam ihm als sehr leicht vor,
das zu erreichen, was die Natur geschaffen hatte.

Auf Grund dessen giebt es keine einzige Erfindung, an
die solche wahrlich ungeheuere Forderungen gestellt wiiren,
wie an die Flugmaschinen. Und da kamen sie als Erwiderung
auf diese Anforderungen von allen Enden der Erde, es beeilten
sich und beeilen sich auch noch heute die Erfinder, eine voll-
stiindige Losung des Problemes zu offerieren... leider aber
bloss auf dem Papiere.

Die Geschichte der Luftschiffahrt beweisst in geniigendem
Masse dass alle theoretische Constructionen und Berechnungen,
trotz ihrer grossten Genauigkeit, doch mit der urerbittlichen
Praxis zu thun haben, welche eine fatale natiirliche Evolulion
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vom Einfachsten zu dem Complicierteren verlangt,—auch in
diesem Falle, wie auch in allen iibrigen existierenden Erfin-
dungen ohmne Ausnahme, d. h. vermittelst einer Reihe von

Ubergangsstufen.
Die halsstarrigen Leute, die nur eine vollstindige Lisung

des Problemes vom Menschenfluge als zuliissig betrachten,
werden noch lange auf ihren befliigelten Pegasus warten miis-
sen; es werden sich aber noch Andere, mehr praktisch bean-
lagte Leute finden, welche sich damit begniigen werden, was
man jetzt unter der Hand hat. Diese Menschen werden an die
Sache kiithn und energisch greifen und durch Tausende von
Versuchen binnen einiger Jahre die Lisung des Problems
bis zu den weitesten Grenzen vorriicken lassen und die Flug-
Apparate bis zur grossten Vollkommenheit bringen.

9s werden dann die Gewohnheitsmenschen, die Feinde des
Progresses und alle die iibrigen finsteren Miichte gedemiithigt
werden und ihren Jrrtum gestehen miissen.

Die Hertsellung eines Flug-Apparates geniigt noch nicht,
um den ganzen Cyclus des Lisens dieses Problems vom Fluge
des Menschen als vollendet betrachten zu kinnen. KEs muss
dieser Apparat, nach dem von unserem beriihmten gelehrten
Professor D. J. Mendelejew gebrauchten Ausdrucke, auch noch
wgenvittlich. und fir Alle zugdinglich” sein. Es wird damit
die ganze Summe der Eigenschaften und Fihigkeiten des Flug-
Apparates gemeint, welche den Letzteren fiir den praktischen
Gebrauch im Alltagsleben geeignet machen sollen. Man kann mit
Sicherheit behaupten, dass was auch immer fiir Flug-Appa-
rate, Luftschiffe und Dampf-Flug-Apparate in der Zukunft
erfunden worden sein mdigen, wenn sie nur nicht den Anfor-
derungen des praktischen Lebens entsprechen werden,—dass
alle sie dann nur als Ausdruck des wissenschaftlichen
Triumphes zur Welt kommen, aber doch nicht in alle Poren
des Lebens eindringen werden.
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Das Buch der Natur ist offen fiir Alle und das Recht da-
rin zu lesen bildet kein ausschliessliches Privilegium einer be-
sonderen Kaste von Specialisten; desswegen auch ich, der ich
kein legitimierter Specialist bin,—glaube im Recht zu sein,
gleichzeitig mit den genannten Specialisten fortzufahren, mei-
nen Apparat zu vervollkommnen, falls nur die Umstinde mir
das erlauben werden.

Jch bin fern davon, meinen Apparat als ganz vollendet zu
betrachten; dieser Apparat ist, nach meiner eigenen Meinung,
wie auch nach der Meinung hochgeehrten Professors N. E.
Schukowsky, *)—ein Embryo, dem es bevorsteht, noch drei
Stadia zu erleben, bevor derselbe ,ein wirklich idealer prak-
tischer Flug-Apparat® wird.

Diese Stadia sind:

1 Stadium. Der Flug-Apparat mit Ballon; Motor ist der
Mensch; Das ,passive Gewicht“ ist vorwiegend vor dem ,ac-
tiven Gewichte“. Jn der verticalen Ebeneist der Apparat voll-
stiindig lenkbar. Jn der horizontalen—ist seine Lenkbarkeit
aber beschrinkt, (kann den Wind von einer mittleren Stiirke
nicht iiberwinden). Praktischer Flug besteht in der Benutzung
der giinstigen Winde.

2 Stadiuwm. Der Apparat mit Ballon. Der Motor—ein
kiinstlicher, mechanischer. Das ,active Gewicht* ist grisser,
als das ,passive“. Jn der horizontalen Ebene ist der Apparat
mehr lenkbar, (kann den Gegenwind von einer mittleren Stir-
ke iiberwinden). Praktischer Flug—Benutzung der giinstigen
Winde.

#) Unsere vaterlindische Autoritiit in der Luftschifffahrt, hochgeehr-
ter Professor N. E. Schukowsky war der Erste, der noch im J. 1894 es
riskierte, diesen Apparat fiir einen ,lebensfihigen Embryo* anzuerkennen,
und an der Ausarbeitung seiner Grundidee Anteil nahm. Jch bin tief
iiberzeugt, dass dieser Anteil zu seiner Zeit seinen Ehreplatz in der Geschi-
chte der Entwickelung dieses Flug-Apparates bekommen wird.
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3 Stadium. Der Apparat ohne Ballon. Der Motor—ein
starker, mechanischer. Das ,passive Gewicht* fehlt; es bleibt
fiur das ,active“.. Praktischer Flug—Benutzung der giinstigen
Winde.

Mit diesem dritten Stadium wird sich die Entwickelung
eines  Flug-Apparates vollenden, den wir, die Menschen des
XIX Jahrhunderts, als ideal betrachten. Doch der Zukunfts-
mensch wird bei diesem schwerfiilligen, massiven Flug-Appa-
rate nichtstehen bleiben: er wird den Motor und die A@roplane
entfernen, er wird sich, gleich dem mythischen Dedalus, leichte
Fliigel wiéder anlegen und wieder mit Hilfe seiner schwachen
. Muskeln zu fliegen beginnen; doch nachdem er zuerst
sein specifisches Gewicht vermindert haben wird.

Und jetzt, sorglos unter den Luftstromungen im grenzen-
losen Luftocean schwebend, wird er sich die Frage stellen:
wozu hat die Menschheit des XIX'* Jahrhunderts dieses ganze
Jahrhundert mit einem solchen Starrsinn dazu verbraucht,
um unbedingt es zu erreichen, direct gegen den Wind flie-
gen zu konnen?........

2
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Introduction

"The simplest and at the same time most
perfect methods for attaining a goal are
usually the last applied."

Leer

"Production of an aircraft, affordable

and comfortable for everyone, will

begin an era from which the newest

history of enlightenment will begin."”
D. I. Mendeleyev.

In this section, | consider it timely to share with the reader the
factual material accumulated by me on aeronautics and to sum up
my three-year labors devoted to the practical study, development
and propagation of the flying apparatus of my invention. To this
end I am forced by unfavorable circumstances, which temporarily
deprive me of the opportunity to bring these efforts to the desired
conclusion.

My experiments of 1899 allow me to reaffirm and somewhat
extend the boundaries of the theses which were made public by me
in the report presented at Tenth Congress of Naturalists and
Physicians in Kiev in 1898. The theses are as follows:

1) With the flying apparatus of my invention, the opportunity is
provided, by the simplest of methods, to make free ascents to
arbitrary heights and safe descents, an unlimited number of times
without jettisoning ballast and without venting gas;
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2) Active, controlled flying is possible in windless and mild-wind
conditions;

3) It is possible to examine arbitrarily, in different layers of the
atmosphere, the appropriate favorable wind and to use it;

4) A single inflation of the airship is possible, to use it daily for a
period of 8 - 9 days and, finally,

5) In view of small expense of the apparatus, safety of flight,
portability and simplicity of its design, it is possible to use the
aircraft to meet the pressing daily needs of practical life.

It is obvious that these postulates do not solve the problem of
human flight in its entirety, but to a large extent, they bring us
closer to its practical and simple resolution.

On the other hand, these results, in my opinion, clearly indicate the
path by which to proceed for the nearest and simplest practical
solution of this problem.

I still continue to assert (see the report) that in the present stage of
its development the flying apparatus of my invention represents
only the beginning, the first step in the development of balloon-
based flying machines of heavier-than-air type?, and that my
experiments of the last three years constitute only the preparatory
period, which includes the experimental study of the concept,
testing individual parts of the mechanism, making practical lessons
in the conditions of atmosphere, and bringing all these concerns

! Late-1800’s concept by K. Danilewsky corresponds with the modern concept
of “hybrid aircraft (airship)”, as this category is formulated in 1980s...2000s.
The modern hybrid aircraft is an airship which develops about 75% of its lift by
helium, and 25-30% of its lift by aerodynamics of the hull and (optionally)
wings.
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together. And although now, in its present form, the aircraft seems
to be extremely simple, comprehensible to everyone’s
understanding, but, as the scientist Biot? says, "there is nothing so
easy as what was discovered yesterday, nor so difficult as what
will be discovered tomorrow."

"The main question™, says Flammarion, — "is not only in
conjecture, but in the very embodiment of a simple idea that
appeared to the minds, quite possibly, from the beginning of the
world."

And our "tomorrow" will require no less persistent work, than
"yesterday", having mainly in mind that the problem’s solution is
achieved by practice, not by theory. In theory, in the armchair,
humans have long been flying against the wind; for them the
problem of air navigation has already been resolved — they no
longer walk in "children's shoes". But that's only ... in theory.
Practice is a completely different world: a world based only on
experience. Practice often goes ahead of the theory and paves its
own way to achieve a certain goal. The scientist and military
researcher Professor Leer is absolutely correct, saying that "theory
only explains, but it does not solve anything"...

Practice is inexorable: it destroys all the sophisticated
sans_balloon (balloon-free, i.e. winged) aircraft which have been
built so far, capable to fly against the wind and built on the basis
of, perhaps, correct theoretical calculations — it destroys them and
requires a redesign “from scratch”, thus to proceed from the most
simple to the most complex. The history of aeronautics is full of
these proud attempts and of victims of these attempts.

2 Jean-Baptiste Biot, 1774 — 1862, was a French physicist, astronomer, and
mathematician who established the reality of meteorites, made an early balloon
flight, and studied the polarization of light.
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That's why I think it's impossible, unthinkable, to create from
scratch a flying apparatus, which was capable, from the first
exposure of its wings, to fly against the wind, and even strong
wind, as it was inconceivable to immediately create a locomotive
that makes 100 verst (70 miles) per hour, or a telephone that
operates across thousands of versts (miles). Any inventor who
offers a flying apparatus in the final form is certainly lacking self-
criticism.

Only by slow and gradual development, going step by step,
studying and improving and only by experience, is it possible to
approach the development of a "truly practical flying apparatus.”
And | am sure that I am not mistaken, having chosen this only
way.

But the exhaustion of resources and, and from that, the agonizing
consciousness that | am deprived of the opportunity to continue my
work on the development of the idea that | propagandized — all
these prompt me to set forth in detail in this document, my
thoughts and plans, with the hidden hope to engage knowledgeable
people into the matter and to invite them to join my efforts in
further development of these ideas.
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CHAPTER 1.

Brief historical review of the idea’s development.

When | was still a student?, an idea not infrequently came to me, of
the design of flying apparatus, which could be produced in a very
simple and easy way, and which could, at the will of the aeronaut,
climb up into the air, descend, stop motionless in the air and
generally maneuver, and all this could be done, as many times as
necessary, without jettisoning the ballast and without venting the
gas. To accomplish this, it will be sufficient to compensate for the
weight of aeronaut by the lift of the hydrogen balloon - but to
compensate not entirely - some portion of the weight should be left
uncompensated, and this remaining weight the aeronaut himself will
lift by his work on the wings: when he works, the apparatus ascends
into the air; if the work is stopped — the apparatus descends.

For a long time I’ve visited this idea repeatedly, | turned it over a
thousand times, pondering critically — but it always seemed clear,
true, and unquestionable to me. Of course, there was an abyss
between this conjecture and its practical implementation, to pass
over which | did not dare to consider in those times. You take the
idea out of the box, you have a good time admiring it, and once
again you carefully hide it in the same box. And so it was for many
years.

! Konstantin Danilewsky was a student of Kharkov University, medical faculty,
1872~78.
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In 1894, I ventured to make a small model; it obediently flew in all
directions at will; it was seen by many people; but there was not an
investor among them to go with me on a voyage of waves of chance
and risk. In 1897, | again demonstrated the model and found a
foreigner AA Pilstrom, who had the courage to support this
invention financially, looking at this support as a kind of charity.
May his noble name be eternally connected with this young, universal
human cause ....

Figure 1.

In the same year [1897], the first experiment was made with a real
flying apparatus. Inflating the balloon with hydrogen took five days.
The whole thing was hanging by a thread: either we could inflate
the balloon and conduct the experiment, in which case a wide
horizon would open for further work; or we would fail — and the
whole project was dead.
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Fate smiled: we were lucky to fill a balloon (more or less) and to
conduct flight experiments. With the last minutes of inflation, the
hydrogen apparatus, made up of simple barrels, failed. The
experiment was a success; a series of ascents (tethered and free) and
descents were made?. The idea was proven correct.

But fate did not smile on me more than once, and she did not
disclose any clear path: | was left alone and alone continued to
work on the idea. | began to prepare for experiments in 1898,
already bolder and more confident (from my experience).

I will not speak here of the shortcomings of my first apparatus - for
there are thousands of them: this apparatus was the essence of
maladroitness; but at that time, in the air, it seemed to me a
wonderful winged Pegasus.

The apparatus of the 1897 type was too heavy; in 1898, we made it
more lightweight by using aluminum and steel pipes. The “horse-
blanket” (instead of a net) covering the balloon was heavy and, in
fact, superfluous; we completely abandoned it. The wings were very
cumbersome, heavy, slowly opened when struck by air; we made
the wings lighter, smaller and instantly opening and closing in the
operation of the shutters.

The experiments of 1898 were numerous in number, rich in content
and gave me ample material for further development. I can only
regret one thing about the fact that my funds did not allow me to
construct several airships of different design to attempt a series of
comparative experiments, and, so to speak, in one stroke to find out
the positive and negative aspects of this flying apparatus.

2 That day, during one-and-half hours, 25 ascents were made, to a height up to 40
sazhen (~300 feet).
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In August of the same year, | made a report on my work at the
Tenth Congress of Naturalists and Physicians in Kiev in the
aeronautical subsection. The report went almost unnoticed.

Meanwhile, my experiments aroused the curiosity of many people,
and they began with interest, but silently, to follow my further
work. Of course, there were critics who looked at the "half-done”
part of the project as if it were concluded and began a rush to
discredit it.

Figure 2.

]

They started to say that in this invention there is nothing interesting
and new: that my flying apparatus presents "no advantages" (1)
when compared with the spherical balloon, that the balloon [itself]
is refined and long known; that wings have been used many times
before; that even the very idea was far from being the newest
concept and it was laying somewhere in the backyard, like an
unnecessary "thing" etc., etc., etc.
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All this, of course, grieved me, but not very much: | knew that the
"little" news, unnoticed by them, was namely: that not a model, but
a real flying craft, heavier-than-air, had actually, for the first
time, risen into the air and maneuvered; | knew that this initial-
apparatus was in itself the progenitor of further rapid growth "by
leaps and bounds". Of course, I could not demand from my critics
that they possess the gift of foresight, even if they made "the utmost
efforts of their imagination."

But nevertheless, the criticism has achieved its goal; it hampered
the further development of the idea and, by creating an atmosphere
full of mortifying formalism, it made my work extremely difficult.

But now efforts of the persons who have played in relation to this
invention the role of "Herostratus" (naysayers) cannot delay the
wheel that has been put into motion and they can be sure that they
will not have the "last word"....

The apparatus of “type 1898 did not satisfy me: 1) the aeronaut's
work on the wings during ascent was tedious; 2) oscillatory
movements of wings resulted in unproductive loss of time when
‘recovering’ (i.e. moving them upward); 3) when wings were
‘catching’ the air, some additional force was spent to stretch the
springs which would subsequently lift (i.e. recover) the wings; 4)
the horizontally located balloon absorbed a significant part of the
aeronaut’s work, presenting a significant harmful resistance to the
oncoming air when climbing, etc., etc.

In my mind’s eye, a new apparatus began to appear, a vision of the
device | intended.

The principles of this new flying apparatus, “type 1899, are set
forth by me in the next chapter.
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CHAPTER 2.
Principles of the flying apparatus typel899.

When | set out to build a new airship I naturally had to give myself
an account and clearly imagine how an aeronaut would pilot this
machine — how he/she would climb, descend, and fly in the desired
directions and, speaking in general: maneuver.

A generally accepted type of balloon apparatus is an elongated
balloon positioned horizontally. According to the prevailing opinion
of competent people, this design requires a light and powerful
mechanical engine, which is not yet available. The application to this
system of such a weak and insignificant [propulsive] force as human
muscle power, will not (likely) produce any effect. All this is
undoubtedly true.

But is it really the case that people are doomed to wait for a powerful
engine, and practical flying could not be achieved, for the time-
being, with a weak propulsion engine? Of course, it is not the case.
But, in this situation, the idea [concept] of the flying craft and its
design should be completely changed.

If we set a goal to create an apparatus for controlled flight, today,
with the forces and means at our fingertips at the moment, we are
involuntarily forced to use human muscle power, or the energy of
aeronaut himself as the [engine]. Having arranged a flying apparatus
with this weak propulsion means, subsequently, it will take no effort
to substitute human muscle power with a mechanical engine, as soon
as it becomes available. It is clear that the flying craft, which will
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function satisfactorily with a low-power engine, will be much
more efficient [when provided] with a powerful engine.

The aircraft manufactured this year (1899), consists of three main
elements: 1) the engine — a; 2) the balloon — b, and 3) the airplane —
cc. The general arrangement can be seen from the schematic Figure
3. The [propulsion] engine can be any mechanical engine, adapted
for this purpose, and in absence of such an engine - the aeronaut
himself. The active mechanism can be wings [oars] or a screw.

Figure 3.

-

e

The aeronaut, acting on wings or a screw, can lift only a certain part
of his weight into the air. It is clear that for successful ascent, it is
necessary to eliminate all of aeronaut’s remaining weight, which is
achieved by using additional lifting force in the form of a hydrogen
balloon. This balloon [is necessary] only to compensate the missing
lifting power of the engine [which is weak].
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This [balloon] is a provisional, ad hoc, solution and will disappear as
soon as a new mechanical engine [becomes available that] could lift
the full weight of aircraft — i.e. the weight of the engine, aeronaut,
and frame. With this capability, we will have a "true practical flying
machine" that will solve the problem of flying in its full extent.

The weight lifted by the balloon, I will call, for brevity, "passive
weight"; the weight lifted by work of the engine (aeronaut) - "active
weight".

"Active weight" is the cornerstone of the entire principle of this
flying apparatus and the larger it is, more perfect the apparatus will
be. Lifting the "active weight" [to a high altitude] by the work of the
engine [alone], we increase the potential energy of the machine,
which, when this latter is descending, turns into kinetic energy (into
“live force”.)

While the engine is lifting the "active weight" or balancing it in the
air — the apparatus either continues to rise into the air (first case); or
remains in equilibrium mid-air position (second case). From the
moment the engine, having lifted the "active weight", ceases its
work, the apparatus begins falling to the ground, being subject to the
action of force equal to the "active weight".

The immediate task was to put the engine’s work in the most
favorable conditions for the fullest possible employment of its
power. A simple consideration suggests that the best use of the
available power would be to concentrate its work, directing it only at
lifting the "active weight". This simplest principle is the basis of the
current flying apparatus [type 1899].

Starting from this principle, first of all it is necessary to eliminate all
the circumstances that could somehow hinder the possibility of full
employment of the engine. In this respect, the main obstacle is a
horizontally positioned balloon [of the usual arrangement], namely,
its upper surface, which, when the apparatus is ascending, meets
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considerable air resistance. Experiments during 1898 showed me
that, perhaps, much of the work of the engine was uselessly absorbed
by this harmful resistance of the upper part of the balloon.

A vertically oriented, elongated balloon with the pointed nose
upwards is the simplest solution for this problem: the resistance of
the medium [air] encountered during the ascent will be the least.
Further, a decrease in the resistance represented by a vertical balloon
will be in direct proportion to a decrease in its cross section; in
practice, this decrease, of course, will have its limit depending on its
surface and weight.

So, theoretical considerations, confirmed by experiment, indicate
that the concentration of the engine's work on lifting the weight
and the vertical positioning of the balloon constitute the most
advantageous conditions for ascent of this heavier-than-air
apparatus.

The aircraft thus lifted into the air, with the engine stopped, will
begin to fall to the ground with acceleration, like a freely falling
body in any resistant medium. And in this case, the balloon will face
the oncoming wind already with its lower pointed nose and also
present a relatively small air resistance.

The larger the "active weight" of the apparatus and the higher the
altitude from which the apparatus begins to fall, the greater the
potential energy of the apparatus, and therefore the greater the
kinetic energy may be produced during the fall, so that, under certain
conditions, the craft’s movement can become extremely fast and
endanger both human life and the aircraft. This rapid fall, however,
could be turned almost into a constant-speed descent by means of a
parachute airplane. The role of the airplane in this case is obvious
and does not require explanation.

Having mastered the mechanics of ascent and descent of the flying
apparatus, all other forms of flying — horizontal flight, flight against
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the wind, etc., will present the logical consequences of the
application of this basic principle.

For the sake of clarity, | will segment the entire flight of the
apparatus into individual components and analyze each of them
separately.

These components are as follows:

1. Ascent of the craft into the air.

2. Vertical descent.

3. Search for tailwinds and keeping the craft in an equilibrium
position in mid-air (maneuvering in vertical plane).

4. Horizontal flight in quiet weather (maneuvering in horizontal
plane).

5. Advancing horizontal flight against the wind.

6. Maintaining the apparatus in stable [mid-air] equilibrium
(Stability of the apparatus).

7. Scheme of the whole flight cycle.

8. Practical human flight

1. Ascent of the craft into the air.

From what has been said above, it is clear to the reader under what
conditions it is possible to obtain the most advantageous ascent of a
craft into the air. Also, it logically follows that this ascent must
necessarily be made vertically upward. Only under this condition it
IS possible to use the engine's work most advantageously and lift the
"active weight" to the highest altitude.

Any attempt to subvert a [purely] vertical ascent to give the
apparatus at the same time also horizontal movement, necessitates an
increase in the work required from the engine for lifting the "active
weight™ to any desired height.
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As the craft rises to a higher altitude, the engine has to work in a
more rarefied air, and consequently, the higher the climb intended,
the more lifting power he needs [to produce].

When the craft is ascending, the airplane should represent the least
resistance to the oncoming air. For the latter purpose, the airplane of
this apparatus consists of a series of shutters [louvers], rotated to [a
selectable] angle (see Chapter 4). Turning a handle, all the shutters
[louvers] are set parallel [edge-wise] to the oncoming air[flow] and
fixed automatically during the whole continuation of the climb (Fig.
3 cc).

2. Vertical descent of the craft.

As far as the lifting force of the engine and of the balloon are playing
a major role at the ascent of the apparatus into the air, so much,
during descent, this role passes to the force of gravity - the "active
weight" - and the airplane. As it was said above, after the engine
stops working, the apparatus starts to fall to the ground, by the action
of force equal to the force of the latent "active weight".

From the following, the reader will see how important it is to
increase the force that causes apparatus to fall, especially during the
advancing flight relative to the ground, horizontally. This increase in
force can be achieved by forcing the engine, or, more accurately, the
propeller, to rotate in the opposite direction in which it formerly
rotated during the ascent, assuming, for simplicity, that the propeller
IS a screw.

Any actuator, and especially a screw, can always be adapted to
perform this function [i.e. opposite thrust]. The engine mechanism of
the 1899 type was arranged in this way, its propulsion power was
directed at the will of the aeronaut upward, downward, forward or
backwards by simply turning a handle.
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The new propulsive force, which develops with the reverse action of
the propeller while the apparatus is descending, | will call the
"hidden active weight".

The aeronaut, working on a propulsion mechanism while the
apparatus ascends or descends, can double the force in the latter
case, causing the apparatus to fall [more rapidly], since the "hidden
active weight" can be equal to the "active weight" provided the
parameters of the aeronaut’s work were constant.

The experiments of the famous scientist aeronaut Otto Lilienthal
showed that a man, by the action of his muscles on wings, can lift up
to 40 kilograms, that is, almost half of his weight *; therefore, it can
be assumed that he will raise quite easily 15 - 20 kilograms. While
descending, the apparatus can fall by a force, equal to 30-40
kilograms, thanks to the [additive] reverse action of the engine. How
important role this increment in [downward] force could play, will
be seen from the following.

In the current design, impact against the ground at landing the craft,
is avoided by using the airplane, namely converting it into parachute.
For this purpose, by turning the handle, the airplane louvers are
arranged horizontally. By this, the accelerated descent of the aircraft
is converted into [controlled] descent with more-or-less constant
speed. In certain occasions [for soft landing] it is sufficient to make,
in addition, several “upward impulses” of the propeller — screw or
wings — [imparting a] counter-force.

3. Maneuvering in the vertical plane.
Maneuvering in the vertical plane, when the aeronaut is ascending

and seeking a favourable air stream, is of the simplest of maneuvers
with this aircraft. From the fact that the ascent of the craft entirely

! Der Vogelflug, etc., page 43
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depends on the lifting force of the engine (in our case, human muscle
power), it is evident that by reducing this force, it is possible to
balance the craft at any height arbitrarily; and, to economize the
engine’s work, one can also use the airplane, converting it into a
parachute.

The ease of maneuvering the craft moving it higher or lower, without
jettisoning ballast and without venting gas on one hand, and, on the
other hand, the quite limited contribution of engine’s work
[necessary] to keep the craft at a certain height — both serve as the
basis for the most wide-spread and habitual application of this flying
technique for human transportation, especially for long-distance
voyages. More about this will be said in the section about practical
human flight.

4. Maneuvering in the horizontal plane in calm weather.

The aircraft “type 1899 by its very essence is not at all suited for
horizontally-advancing powered flight: a vertically positioned
balloon represents an enormous resistance to oncoming air on its
side surface; therefore, such a common [desired] horizontal
movement should be abandoned completely for the type of aircraft
addressed here.

Advancing the flight in the horizontal direction 2 begins at the
moment when the apparatus, [already] lifted into the air [above the
ground], begins to fall toward the ground. To obtain a horizontal
component of the velocity during the descent, the apparatus relies on
the airplane. It is sufficient by turning the handle, to position all the
airplane shutters [louvers] at some [desired] angle to the vertical,
then, during the descent, some of the resistance of the air acting on

2 Everywhere under the words "advancing flight in the horizontal direction" -
"horizontal plane"”, I will understand the motion along the horizontal projection.
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the airplane is transformed into horizontal propelling force [i.e., a
component of the velocity vector is horizontal].

Figure 4.

—R

.

With an increase in the angle of inclination of the shutters with
respect to the horizontal, and with the invariability of the "active
weight", the trajectory of fall will approach a vertical path and vice
versa. If the angle of inclination of the airplane shutters remains
unchanged, the speed of oblique descent will be increased, the
greater the "active weight".

&

Thus, the angle of incidence of the apparatus to the ground and the
speed of this oblique descent will depend on two factors and their
mutual relationship - on the magnitude of the "active weight™ and on
the inclination angle of the shutters. The apparatus, now under the
influence of two forces - the weight P and the propelling force of the
airplane R, will fall by vector addition of these two forces S (Figure
4).
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It can be confidently asserted that by setting the airplane shutters at a
known very small angle to the horizon (theoretically 3 to 15
degrees), one can achieve a very gently sloped descent, that in some
way, mimics a bird's flight.

The entire process of the aircraft’s oblique descent, its speed and
stability, depends first and foremost on the magnitude of the "active
weight" P: the greater the value P, the more perfect will be the
apparatus, more stable and capable to develop a greater speed of
horizontal flight.

Figure 5.
- Y
u— .
[ >
g

Earlier it was said that the force of the apparatus's fall could be
almost doubled, if the engine was set to work in the opposite
direction. But one can make the same engine work in a horizontal
direction, like a propeller. Then a new force Q from the engine will
join the force R (Figure 5). Thus, the apparatus, in obliquely-
descending flight, will be influenced by three forces - P, Q and R.

Now the question is, what will happen to balloon in an obliquely-
descending flight [under such conditions]?
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The balloon, in this case, becomes a hindrance, due to a large lateral
resistance. If there was no balloon during descent, we would have an
ideal aircraft, consisting only of engine and airplane. Perhaps in the
future it will be the case.

With the vertical descent of the apparatus to the ground, the balloon,
naturally, will retain its vertical position and its long longitudinal
axis will coincide with the line of the apparatus's direction of
movement.

Figure 6.

It will not be the case when the apparatus descends obliquely [under
these conditions]. In all cases of this latter kind, the upper part of the
balloon, under the influence of the opposing air resistance acting on
the front part of it, will linger in its forward motion, lag behind the
vertical line passing through the whole aircraft, and deflect back so
that its longitudinal axis will approach and, maybe even coincide
with the flight line NS (Figure 6). Due to this deviation, the balloon
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will always be displaced with the lower pointed nose to the
headwind, resulting in the least resistance.

At whatever angle the apparatus falls obliquely, the balloon will
always deviate back to the direction line of movement by a certain
angle, depending on the deflecting force of air resistance t and the
lift force of the balloon u on one side, and the propelling forces R
and Q on the other, [forming] a pair of forces that tends to rotate the
balloon about its short axis. It should be noted that the magnitude of
deflection of the balloon will also be affected by the length of the
connection W between the balloon and the airplane. Thanks to the
design, it is technically possible to achieve that [expected
deflection], and at any angle to the horizon (within certain limits) of
the obliquely-descending flight, the longitudinal axis of the balloon
will always coincide with the flight direction-line.

It is necessary to mention also one very important phenomenon that
takes place during a obliquely-descending flight. From the moment
when the balloon, under the influence of propellant forces acting on
the lower part of it on the one hand and the action of the opposing air
resistance acting on the upper part of the balloon - on the other, starts
to deviate from its vertical position, then, accordingly, the lift of the
balloon diminishes. Hand in hand with this [motion], the apparatus
will become heavier. This “additional weight” of the apparatus is
due, in this situation, to "passive weight", which was previously
lifted by the vertically positioned balloon. This [apparent] new
weight which is added to the aircrafts’ weight as a result of the
deflection of the balloon, I will call "a hidden passive weight".

Apparent from the principle of this flying apparatus, it becomes clear
that the “additional weight” of the apparatus in descent, wherever
this weight originates, it will always be desirable and useful for the
magnitude and speed of the obliquely-descending flight, and also for
the stability of the apparatus in the air. By the very essence of this
principle it is obvious that the progress of this flying apparatus
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depends on the degree of its “additional weight” when it falls to the
ground and the larger is the weight [force] of the apparatus’s oblique
fall to the ground, the more perfect the aircraft will be: for, to be
stronger than air, one must be heavier than air.

5. Advancing flight against the wind.

The mechanics of flight in general in windy weather remains in
general terms the same as in quiet weather. The internal forces of the
apparatus and their mutual relationship remain unchanged and
independent of whether there is a wind, or if there is not. Strictly
speaking, the airship, detached from the ground, does not know what
the wind is. "Wind does not exist for an aeronaut,"” says the high
authority in aeronautics, Ch. Renard. "Everything happens as if the
air was absolutely immobile and the ground would have eluded at a
speed equal to the speed of the wind."

Consequently, the conditions of flying against the wind are made
simple and clear, if the question is put as this: can the apparatus in
the unmoving air develop such a velocity [advance with such a
speed] (on a horizontal projection), that [this aircraft] was capable to
catch up or even surpass a certain point on the earth that recedes
from it at a certain speed? From the question thus posed to the
reader, it becomes clear that the mechanics of the flight remain the
same in both windy and windless weather; only to a greater or lesser
extent, the conditions for reaching a given point on earth receding
[from the aeronaut]: if the speed of the advancing flight developed
by the apparatus is less than the speed of the “escaping” point on
earth, then we say that the apparatus cannot overcome the opposing
wind and vice versa.

The ability of the apparatus to develop a certain airspeed
[groundspeed] in its flight, and to accelerate [if necessary] — is the

3 The engineer. Jour. 1891, Nos. 6 and 7, p. 896.
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essence of progress of any flying apparatus in general. In our case,
this progress will depend, mainly, on the craft’s “additional weight”,
by whatever the source of this “additional weight”.

The larger this “additional weight”, the greater the achievable
airspeed of the aircraft’s advancing descent and consequently
the greater the ability to overcome higher and higher speed head
wind.

We have already seen that the force of the "active weight" during
descent can almost be doubled by the addition of the force of a
"hidden active weight"; it can be further increased by the force of
"the hidden passive weight" - and all these forces are manifested
in the power of the aeronaut, even when such weak engine as
human muscle power, is employed.

If, as we have seen, a human can lift up to 20 kilograms of net
weight easily into the air with the power of his muscles, and during
obliquely-descending flight, this weight can be increased up to 50-60
kilograms - and this will already present a significant downward
force -- and please notice the relatively small resistance, imposed by
the lower pointed nose of the balloon, clad in an elastic frame.

[In the case of the obliquely-descending flight of this apparatus], a
key role falls on the airplane, which is extremely important: the
airplane constitutes, and will always represent as significant and
unchanging part of the aircraft as the engine. With the advent of a
fully adapted, simple, light, powerful and safe mechanical engine —
and its application to this aircraft - a period of quantitative
improvement will begin, which will result in an increased power of
this aircraft, but the basic idea of the flight of this apparatus will
remain unchanged.
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6. Stability of the apparatus.

The question of maintaining the stability of an airborne apparatus in
the air is the subject of primary and essential importance. The
deplorable results of experiments with balloon-free [i.e. winged]
aircraft reveal how difficult it is to obtain stability and how difficult
it is to reliably operate in air resistance.

It is much easier to achieve a stable equilibrium while flying the
dirigible-type, lighter-than-air craft, where the elongated balloon is
positioned horizontally.

But here too "longitudinal instability", which depends on the
movement of hydrogen to and fro inside the balloon, is a strong
"internal enemy", as Ch. Renard puts it. This "enemy" becomes more
threatening, the more the balloon is elongated in relation to its
diameter [which is the common practice] in order to reduce the
balloon’s resistance to the oncoming wind. Although Ch. Renard
mentions one of his adaptations, which annihilates "longitudinal
instability,” he keeps it a secret (Ibid., p 913.)

In my experiments with a horizontal balloon in 1898, I significantly
reduced "longitudinal instability" by the arrangement of a series of
transverse silk partitions inside the balloon, which prevent the
movement of gas within the balloon. This system was privileged by
me [i.e. patented] the same year.

But this device alone is not enough: if the apparatus moves
horizontally with a certain speed, the head wind will unequally
pressurize both arms of this "sensitive lever” (Ch. Renard), which is
an elongated balloon and, as a result, pitching becomes inevitable.

This in itself would not be a great difficulty; but the propeller, being

coupled [affixed in position] to the balloon, will no longer work
[apply force] strictly in the horizontal plane, but swinging with the
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balloon it will waste its propelling force, acting in different planes. It
is possible to paralyze this pitching, in an apparatus of a rigid design,
by automatically translating the weight (aeronaut) along the balloon
[balloons’ longitudinal axis], as was privileged by me in 1898.

Nevertheless, all these inconvenient associated phenomena
associated with a horizontally-positioned balloon make much more
difficult and complicated the construction of such an aircraft, which,
therefore, can not satisfy the main basic requirement of practical
application in life - "simplicity and accessibility for all".

In the design of flying apparatus ‘type 1899°, with its vertical
balloon, I completely eliminate the concern for maintaining a stable
equilibrium. A vertical balloon is, in a sense, the same as a buoy on
the water that holds a weight suspended from below in a stable
equilibrium.

The expediency of such a design, in order to achieve the stability of
the apparatus, is so clear and simple that I will not go into any more.
According to Lieutenant MN Bolshev's accurate and correct
observation: "The balloon here is a nurse helping the child to walk"#.

With the passage of time, and with the advent of a fully adapted
engine, the assistance of a "nanny-balloon" will become redundant
and a vertically-acting propeller driven by a strong engine will lift
the entire weight in its full volume; then the aircraft can be directed
to a [neutral] point of support in the air and will thus keep the whole
apparatus in a stable equilibrium.

4 MN Bolshev. Lectures read at the Naval Assembly in Sevastopol in 1899 and at a
military meeting in Kharkov in the same year
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7. Scheme of the general flight.

Schematically, the entire flight will be expressed in the form of the
following curve:

Figure 7.

Black line - flight in quiet weather.
Dashed line - flight in windy weather.

In quiet weather: Ascent from the ground — [at first,] vertical. Having
reached a certain height, stop the engine and position the airplane
shutters at a certain angle. From this moment the oblique descent of
the apparatus begins at some variable angle to the horizon. Before
reaching the ground, the engine’s work is again resumed for ascent,
and the airplane’s shutters [made of a row of angled slats] are set up
vertically [edge-wise to the airflow]. This flight, thus, in its simplest
form, will represent the genus of the undulating line (Wellenflug),
consisting of a series of almost vertical climbs and sloping descents.

With a headwind: During vertical ascent from the ground, the
apparatus will be displaced somewhat backward by a headwind.
Therefore, the ascent [under power] from the ground should be done
with the greatest speed possible. Subsequently, an obliquely-
descending flight will be carried out in the same way as in quiet
weather; but the path traveled by the flying apparatus will depend on
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the relative ratio of the speeds of the flying apparatus and the
headwind. This relative [ground] velocity can be positive or
negative. In the first case, the aircraft flies against the wind
[proceeds upwind]; in the second case it is blown downwind. The
conditions under which the apparatus can fly against the wind were
discussed earlier (pages 22-23).

8. Practical human flight.

For the practical use of a flying apparatus in everyday life, a person
will only occasionally resort to the above-mentioned method of
flying — against the wind. This is quite understandable, since no
flying will be so unprofitable, impractical, risky, unpleasant and
uncomfortable, as flying directly against the wind, especially when
making long voyages.

[However,] if man [today] does not understand flying other than
against the wind, aeronauts of the future will not understand
flying other than in the form of relying on tailwinds.

The impracticality of flying against the wind, first of all, will be
sharply revealed during long-distance air voyages, when increased
engine performance and fuel consumption will be required. For the
future aeronaut, the principle of economizing the operation of the
engine and saving fuel (understanding this word in the broad sense)
will play an important role in maneuverability in the air all the time,
climbing several dozens or hundreds of meters, then descending — in
an effort to find a favourable airflow.

Instead of wasting almost all the work of the engine on the
unproductive struggle with a head wind, the speed of which is
already very high even at low altitudes and, as a result, gain
negligible forward movement, the future aeronaut, while in a layer of
a particular air current, will direct the engine’s work to add to this

262



_28—

current and can [therefore] double or triple the aircraft’s speed
relative to the ground.

But this does not address all of the difficulties of flying against the
wind. This kind of flying is extremely risky, unpleasant and
inconvenient. In fact, let's assume that the aircraft is making 15
meters per second against a moderate head wind, the latter having
velocity, say, 7 meters per second; then the aeronaut and the whole
apparatus will experience an air pressure corresponding to the sum
of these velocities, that is, 22 meters per second. This air pressure is
almost the same as that experienced by a [railway] passenger
standing on an open platform of the car, making about 75 kilometers
per hour.

The aircraft, experiencing this air pressure, will be in a very risky
position, bearing in mind the fragility of the balloon and light weight
(and therefore low strength) of the materials from which these
aircraft will always be made.

It is unlikely that an aeronaut will be able to withstand, even for a
short time, such a condition, bearing in mind that he will have to fly
in such layers of air where the temperature is relatively low. Even
the strongest cold is easily tolerated by when in calm air; but even a
moderate cold, as Glasher says, accompanied by wind, becomes
unbearable and acts deleteriously on the body.®

So, the useless waste of work of the engine and of fuel, the small
gain in movement relative ground, risk and trouble — all this will
prompt people in the future to avoid, as far as possible, flights
against the wind, and even more so when making a long-distance
voyages.

5 Mr. Glesher's air travels, p. 13
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But let the reader not think that by what is said here, | deny the
necessity of flying against the wind in the practical use of an aircraft.
By no means. On the contrary, the ability of an aircraft to maneuver
against the wind will give the aeronaut peace of mind and instill
confidence when fighting the wind becomes a necessity. | just
wanted to say that, while the problem of flying against the wind is a
special kind of challenge among scientists, inventors and amateurs
and, which, in their opinion, is alpha and omega of the whole
problem of human flight, then in everyday life flying against the
wind is not the most important and urgent necessity. | am deeply
convinced that if people had not set themselves to break the barriers:
either to fly against the wind or not to fly at all and had not made a
sport of it, like reaching the North Pole, then the problem of human
flight, even if not in full, but in practice, would have been solved
long ago.

In the end, flying against the wind will be only an isolated episode —
a special case of practical capability of the apparatus. Flying against
the wind will find its place primarily in two situations: when the
apparatus launches and when it lands. In the first case — when the
aeronaut, having ascended, intending to remain in the same place, or
is forced to return, because he could not find the necessary air flow
[for the desired direction of travel]. In the second case — when,
approaching the destination, the aeronaut would need to overcome
winds, however strong and from whatever direction, in order to get
to the designated point on the ground. An entire flight between two
points [origin and destination] will be accomplished by taking
advantage of the air streams, as a free source of energy, regardless of
the speed [of the air stream] and distance between the points on
earth.

Our atmosphere is interwoven by air currents, like giant [aerial]
rivers, of different directions and speeds, up to a height of three
kilometers (as the limit of our practical flying), one can almost

always find a favorable air current.
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Glascher reports the existence of different winds at different
altitudes, adding that it is only necessary to choose the appropriate
altitude to go in any [desired] direction.® Professor D | Mendeev
notes that his balloon "flew not in a straight line, but in a broken line,
that is, the direction and speed of the wind changed in different
layers and strips of air passed [by balloon], as often happens"’
"Studying the air current,” he says elsewhere, "you can use aerostats
for flights in the desired direction."®

The accompanying winds, in addition, have properties very
favorable for air travel: "in fact,” says our national authority on
aeronautics, Professor M M Pomortsev, "all the data we know from
aeronautics, cloud observations, observations of wind on the Eiffel
Tower and from Kites, [all] indicate that the movement of air, even at
comparatively low altitudes, becomes very uniform and constant." °

Even at low altitudes, air currents, if not encountering rough
continental terrain on their path, move evenly, like gigantic rivers,
similar to winds blowing over open seas.

"If we can study the laws of air currents,” says Flammarion, "at
different altitudes, according to the seasons and hours of the day, the
great problem of airship navigation will be resolved."*® "Then we
will be able to direct the balloon to a certain point of the wind rose
and travel through the air on the elastic and gentle wings of the
winds. The airways, open to industry by science, will present us with

& Mr. Glesher's air travel, p.71

7 Air flight from Klin during the eclipse, p. 79

" ibidem, p. 93

® A review of theories explaining the hovering flight of birds. Aeronautics MM
Pomortseva. Issue 4, p. 54

10 Flammarion's air travels, p. 141.
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highways which need no repair, for most comfortable, most
magnificent journey."!!

These [ever] passing air streams will shorten distances; parts of the
world, connected by air rivers, will [effectively] become contiguous.
Then the aeronaut, using them, can, with greater right than
Columbus himself, repeat his words: "the world is not large."

Note: Even birds, gifted with an ideal natural apparatus for flight [i.e. wings], are
extremely sensitive to the opposing wind; This is what Charles Dixon, who
studies birds' migration, writes: "Birds are paying special attention to the choice of
the wind and nothing so delays their migration, as an unfavorable air current:
sometimes the little travelers for days are waiting for a favorable breeze to appear,
so they could set off again for their journey" (Birds migration, p. 79).

11 Flammarion. Atmosphere, p. 568
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CHAPTER 3

(Letter from Professor Ippolit Antonovich Evnevich, Professor of
the Imperial Petersburg Technological Institute).

The problem of free fall, in a resisting medium, the center of
mass established at an airplane.

Dear Sir
Konstantin Yakovlevich!

The 0 origin of the coordinates is placed at the point where the
falling point m was at the beginning of its motion; The X axis is
directed vertically downwards, and the Y axis is horizontal in the
plane containing the trajectory. Let P be the weight of the falling
point m, together with the weight of the airplane.

A - Area of the airplane.

B - Angle of inclination of the plane of the airplane to the vertical
(i.e., to the X-axis).

o - is the angle of inclination to the X axis of the velocity v at time t.

The force of air resistance, normal to the plane of the airplane, is
expressed by the formula:

K&A sin®(f — w) v*
2g

Wherein v Sin (B-o) is the projection of the velocity v on the
normal to the airplane, A is the weight of one cubic meter of air,
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g - acceleration of gravity, and K is a coefficient, probably close to
1.825, if we take a meter for a unit of length, and kilogram for a
unit of force.

Figure 8.
0 X
XV
v
P
The equations of motion will be:
m j: =P —Nsinp=P— %v: sin” (B — w) sinf ........ (1)
m j: = N cosp = }i&—:v: sin (B — w) cosP .............. )

We denote the projections of the velocity v on the coordinate axes
X and Y by { and n, then we get:

dx _ d_y _ . _
Lo Veosw =10, —=vsinw=n..... 3)

and the equations of motion are written as follows:

it P KAA . . |
— =— ———v2sin®(p — w) sinp

dt m 2gm
dn  KAA 2¢ )
P EE,'mv sin“{f —w) cosp
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But vsin(f — @) = v cosw sinf} — v sinw cosf
= 7 sin3 — n cos} SO we have

Ez%— lc:: (ZsinB —1ncosB) sinf .......ooooeiiiiinnll 3)
dn _ KAA -, 2
3 = 2em (Tsinp —ncosP)®cosf ...ooooeiiiiiii 4)

Multiplying equation (3) by Sin B, and (4) by Cos  and subtracting
one from the other, we get the new equation

dg dn P KAA

T sinf} — d—gcusﬁ == sinff — ﬁ{z sinf — n cosp)?

If we assume that the angle 3 remains constant throughout the
motion, we will have:

d{{=zinf-n cosf) _ Pzinf __ Kaa . _ 2
ncomt) _ 2908 K84 (7 inG — cos)

Or, taking Z sinf —n cosP = v sin(f— w) = u,

=22 =B e (5)
Where a2 = 2228 and b2 = K;: .......................... (6)

Equation (5) is integrated if we assume that the density A of the
medium is a constant value and that the acceleration of gravity g,
and hence the weight P, can also be assumed to be constant. Under
such assumptions, equation (5) will have:

u={sinp —n cosp= E FOE) 7
Where

E:aht_ 1 Enht —a sbt
f(t:] = E_:B.ht+1 = E_B.ht_l_e_—ﬂ.ht .................................... (8)

Equation (7) defines as a function of time, the projection of the
velocity v on the normal to the airplane. One can also obtain the
projection of the velocity v on the plane of the airplane.
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By designating this last projection by W, we obtain the expression

W=vcos(B—w)==TcosB+nsinf ...........oiiiin.l. 9)
Multiplying the same equation (3) by Cos B, equation (4) by Sin
and adding them we get:
d(Z cosB+ nsinf) dW P cosf

dt T dt m
Pcosp

Whence we obtain W = t+ C. Butfort=0, the velocity
IS W = 0; therefore, the constant C = 0. Consequently,

W = ZcosB+ n sinf = PE:E = (10)
Solving equations (7) and (10) with respect to ¢ and n, we find:
{ =vcosw= ? = —fl[ t)sinp 4 e B ....................... (11)
n=vsinw =X =22% (tsinf) — 2 (cosP)f(D)........... (12)
Or, on completion of mtegratlon.

Pc'-:us B ..

t24+ = 5111|3 [f(t)dt+C’

|:|:|5|3 sinf

t % cosf | f(t)dt+ C

V=
i 2m

sbt e

—ebt .
But [ f(t)dt= jm dt = i In(e®t + e~2bY),

and att =0, the X and Y coordinates are each zero, so we finally
have:

abt —abt
x = ""fs PP+ I (T s (13)
__PcosPeinf 3 Z2gm gt o —sbt
S — t —mlﬂ (f) CDSB ................. (14)

Separating the same equation (7) by (10), we find:

{ m 2z sin (t)
Y tan(f-w) =22 9= gsinp f
W b PE‘DBE t cusﬁ KAAP t

.. (15)
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This last equation defines at each moment of time t, the direction of
the velocity V, that is, the angle . For example, at the beginning of

the motion, when t = 0, the fraction
F _ nht_e—nht

| 1

but the true value of this uncertainty is ab, therefore, fort =0, we
have:

ti takes an indefinite form 0/0:

=)
EBJ:IT.‘ fa- sbt

m |2gsinf .
'tEIIl(B — l.’.lJ:] E"ql CAAD ab=tanf thatis, o.=0.
Special case: If p= 0, in this case the airplane does not meet

resistance, and therefore the motion should occur, as if in empty
space. Indeed, taking in our formulas 3 = 0, we obtain a = 0 and

= ; t* = —E't ;y=0
== gt d—:"—IZII and ® =0
When B =90 degrees, the movement should be rectilinear in the
vertical direction and, in fact, we get:
= Tgm 1n(enht+:—nht }, y _0

HAA

ht —&bt
a —8
- = —f(f:] E nhr+E—nht

— — —
where now a = M.'p,"m— JE

To obtain the trajectory equation, it would be necessary to eliminate
the time t from equations (13) and (14), but this exception is hardly
possible.

Note: It is useful to note that the function

zabt_
f(t) = ZTui rapidly approaches unity.

I. Evnevitch.

St. Petersburg
December 28, 1899.
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Acknowledgement, by Konstantin Danilewsky: Far from being
spoiled by openly expressed sympathy for my work, | was deeply
touched by the consent of the esteemed professor [Evnevitch] to
take part in the theoretical development of this flying apparatus. It's
not for me to thank him - my gratitude is too insignificant. Perhaps,
the coming 20th century, using the fruits of these works, will be
able to appreciate the the unselfish contribution of our dear
professor for the benefit of people.
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CHAPTER 4
Technical part.

Having explained to myself the exact general principles set forth
in the previous Chapter 2, | proceeded to design a new aircraft.
But, to my despair, my work began under the most unfavorable
circumstances. To begin with, | lost most of the winter of 1898 -
99 in St. Petersburg in search of sympathy and support. Another
failure - gas envelopes were received too late (almost at the end
of August) from Paris from Lachambre. It happened because |
made an order too late. Anyway, the best time for experiments -
summer - was lost. But this did not end my misfortunes: the
balloon obtained from Paris, being theoretically true and
carefully processed, in practice presented some shortcomings,
easily correcatable, however, there was not time to affect the
corrections.

All this together could act in a stunning manner not only for me,
but for every other inventor. | had to give up completely my
experiments this summer [1899] — which meant | would have to
say goodbye to my plans and dreams forever, or, as a last
resource, to take advantage of one of last year's balloons and
somehow adapt them for experiments in accordance with my
plans and goals. Fortunately, this was possible. Never mind, that
the lower part of the vertically placed balloon came out very
clumsy and, instead of an acute nose, it terminated with an ugly
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appearance exhibiting creases and depressions, which in fact it
should not have been; but, one way or another, it was possible
to fly with it and we started flying.

[The] experiments began near the end of September and since
the weather became autumn, it was obvious, that we had to seize
hours of quiet weather, the only weather when it is possible to
study the apparatus under the simplest conditions — its lift, the
work of the propulsion mechanism, the operation of the airplane
and the mechanism for obliquely-descending flight. The late
beginning of the experiments, of course, affected [i.e. limited]
the number of them, and while in 1898 there were about 150
ascents, this year [1899] only about 40 were achieved.

This year | also did not allow my mechanic-aeronaut Peter
Kosyakov to conduct high ascents, limiting his ascents to 100 to
200 sazhen [~200 to ~400 meters]. Certainly | knew well
enough that such an insignificant height would somewhat
impair the perfection and the effect of the experiment.

But for such limitation there were serious concerns: 1) not
having learned how to freely and confidently control the [new]
craft in quiet weather, the aeronaut would not have coped with
air currents [found] at high altitudes, and would have drifted far
from the launch site and thereby cut the experiment short; 2) at
low altitudes was it possible to study quite satisfactorily ascents,
descents, stops in the air, turns and obliquely-descending flights,
and finally, 3) I had, out of necessity, to place these experiments
in the most rigid safety framework, alien to carelessness and
bravado, especially for the first years of this experimental flight
program for | was perfectly aware that if there had happened
any, even a small, misfortune with an aeronaut, 1 would be
prohibited from continuing these "dangerous" experiments. Let
the reader judge how this would be useful for the project! ...
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The airship of type 1899 is arranged as follows: it consists of a
balloon, an airplane and a propulsion mechanism.

The balloon, as can be seen from the Figure 9, has an elongated
shape, pointed on both sides and positioned vertically. On the
back of the balloon, along its entire length, a wide sleeve (a) is
arranged, which communicates with the [inner volume of the]
balloon in its lower part (b). This sleeve is wide enough and
represents a certain spare volume in order that, in the case of high

Figure 9.

\

d
A\

ascents and [consequent] expansion of gas in the cylinder, the excess
gas goes into the sleeve, acting as a reseve volume. Thus, with the
expansion of gas in the cylinder, the gas is not released into the air.
The lower end (c) of the sleeve is narrowed and fixed near the seat of
the aeronaut; During a flight emergency (i.e., too high an ascent), the
aeronaut can vent a desired amount of gas from this end.

On both sides along the balloon there are folds to which strings (dd)
are attached, supporting the airplane and the whole mechanism
[suspended] under the balloon.
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The size of the balloon, its shape, volume and lifting force are
determined differently in each individual case.

Figure 10.
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The airplane represents a quadrangular [four-cornered] bamboo
framework (AA), reinforced and fastened, comprised of
transverse separate plains or shutters [louvers] (BBB), which
can rotate about their longitudinal axis by 180 degrees. A simple
mechanism (cc), permits all these shutters to be adjusted to any

desired angle and automatically fixed. The shutters are loosely
covered with silk.

The propulsion mechanism is behind the seat E (Figures 11 and
12) located at the end of the semicircular frame F; under the feet
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Figure 11.
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of an aeronaut is a conventional bicycle drive (g), on the pedals

Figure 12.
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of which he acts; the rotation of which, by chain (1), is
transmitted to the shaft (K) located behind the aeronaut. At both
ends of the shaft are fastened cross pieces (L) on [each of]
which are positioned four blades (M),

Figure 13.

I"‘

or striking the air. Each blade represents a hexagonal
framework, covered loosely with silk [fabric].

Figure 14,
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On the shaft, near the place where the cross-pieces are fastened,
is placed a simple mechanism N (Figures 12, 13, 14 and 15),
thanks to which, with negligible friction, these blades [one-by-
one] rotate about their axis and, at a certain moment, to catch
the air being orthogonal [to the rotation plane], and then for the
remainder of the revolution they are cutting the air, being
positioned “edge-first” against the airstream.

Figure 15.
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On either side of the aeronaut’s seat are located the handles (P
[Figure 12]), which by turning, the blades can be made to
“catch” the air in different sectors of rotation, and thus the
driving force [moving-power] is directed upward, downward,
forward or backward.

The number of individual blows (single impulses) of the blades
through the air during the highest rate operation can reach 16
strokes per second.

The protocol of experiments in 1899.

Experiments September 10. Quiet morning. Balloon - "Pilstrom
from last year. The aeronaut-mechanic P. Kosyakov. After the
first tethered ascents, about 10 free ascents were made to
different heights. The ascent is smooth and easy. During one
descent the aeronaut was unable to cope with positioning the
airplane shutters while maneuvering, and the propeller was
damaged upon striking the roof of the shed. Flights were
photographed.

Experiments September 22. Balloon the same [“Pilstrom”
envelope]. Fresh hydrogen. Several free ascents were made. By
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plan, the aeronaut balanced the airship [to maintain equilibrium
by “paddling” upwards] and easily turned the airship [on
demand]. By setting the airplane’s shutters at an angle, the
aeronaut descended obliquely.

To avoid the damage of the apparatus when landing, the
aeronaut, using a special device (R) [the “dip” in the frame
allowing the aeronaut to unseat himself] (Figure 11), on his
approach to the ground, softened the impact by his outstretched
legs.

Experiments September 23. Hydrogen the same. Weather
windy. Several free ascents were made. The apparatus drifted
[away from the launch site] by air current. Since the ascent was
low (up to 40 sazhen [80 meters]), the aeronaut Kosyakov did
not try to maneuver. Flights were photographed.

Experiments on October 5. Fresh hydrogen. Morning quiet.
Flights were photographed. Ascents up to 100 sazhen [200
meters]. Work on the bicycle drive is not difficult. The aeronaut
turned around in the air several times, which was [found to be]
very easy. Having set the airplane’s shutters at an angle, the
aeronaut several times descended at an angle to the ground
several dozen sazhens [10’s of meters] away from the site of
ascent.

Experiments October 6. Hydrogen topped-off. The design of the
propulsion mechanism was slightly modified and a new
mechanism tested. [The primary] intent was to make higher
ascents, but, as there was a strong air current at altitude, the
height was limited by 150 sazhen [300 meters].

Experiments on October 7. A quiet, cloudy morning. Hydrogen
the same. A number of free ascents and oblique descents were
made. With this day in mind to finish the experiments, it was
decided to perform the final ascent higher than previoulsy. But
in a hurry the aeronaut balanced the balloon improperly and the
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latter, considerably lightened and becoming lighter than air,
began to rise smoothly and slowly. The aeronaut for his part, not
aware of this, accelerated this ascent by [the usual] force via the
propulsion mechanism. At an altitude of about 150 sazhen [300
meters], the chain suddenly jumped off the gear, and the
propulsion mechanism could no longer work on the ascent or
descent. The apparatus was deprived of both the propulsion
force and of gravity and thus converted into common [free]
balloon. Heated by the rays of sun, the apparatus climbed to a
height of one-and-a-half versts [1500 meters] and began to drift
away by air current.

Unfortunately, the aircraft did not have had a special valve for
venting a portion of the hydrogen, as is practiced while flying a
[spherical] balloon. During the free flight, the aeronaut managed
to fix the chain and began to drive the device down, imparting a
descent [on the craft]. As the forest appeared underneath, the
aeronaut, by means of the airplane, flew over it and descended
into the field, not far from the forest.

These experiments, though not abundant in quantity, were
valuable for me in quality. They gave me ample material for
studying the characteristics of the propulsion mechanism and of
airplane, and for evaluation of the vertically positioned balloon.
| am convinced that neither theoretical considerations and
calculations, nor even a game of imagination, could have
provided me those precious technical details, yielded to me by
the unsophisticated practice embodied in these simple and, if
you like, "naive" experiments. Only practice could tell me what
to do next and where to go. But | consider it premature to
discuss it further now.

Volume of the balloon
| find it useful to provide here briefly several technical

instructions on certain details of the aircraft.
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It is very difficult and even impossible, a priori, to calculate
exactly of what the volume of the balloon should be while
designing the airship. To do this, we must first calculate the
weight of the propulsion mechanism, the lifting force it
develops, the weight of the aeronaut, etc., etc., up to a thousand
different smallest details inclusive, and then, according to the
calculations, order a balloon. This way, while quite scientific, is
impractical, and | solved this problem in a very simple way.

The balloon was ordered of such a volume that its lift would
cover the entirety of the aeronaut and the assumed weight of the
whole mechanism, reasoning that it is much more practical to
have a reserve of the lifting capacity of the balloon, even at a
price of increased dimensions, than if this force was not
sufficient. In the first case, the redundant lifting power can
always be compensated with ballast, but the opposite is, if the
lift capacity of the balloon is not [found] sufficient, there is
nowhere to recover from it, and then you have to economize on
the weight of tubes, bamboos and other things - and this is just
unnecessary trouble and anxiety.

Meanwhile, the spare ballast equalizing the redundant lift
capacity of the balloon is very useful for the constant and daily
adjustment of the lifting power of the balloon, which gradually
weakens due to diffusion of hydrogen through the balloon’s
fabric. This ballast makes it possible to keep the aircraft, at
every minute, ready to fly, during several days without top-off
of fresh hydrogen. In the future, when the design and
manufacture the balloon’s fabric is improved and the latter
becomes impermeable to the diffusion of hydrogen, there will
be no need for redundant [lifting] capacity of the balloon.

Balancing the craft.

Before launch, the aircraft with the aeronaut sitting thereon is
balanced in such a way that the lift of the balloon balances the
entire weight of the aircraft with the aeronaut. Then the latter,
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with its work on the propulsion mechanism begins to lift the
guide-rope from the ground. The guide-rope consists of
segments, and the segments remaining on the ground, being
unlifted, are uncoupled (detached) from the overall wieght.

Thus, the weight of the guide-rope’s segments lifted [from the
ground] serves as the simplest practical measure of the lifting
force of the propulsion mechanism, as well as an indicator of
the impurity of the hydrogen [which affects the lift].

Ascent.

Usually, the craft ascends quite smoothly. This smoothness of
ascent was observed in the previous year when working with
wings, which acted alternately [first resisting the air, then offing
little or no resistance]. In the latter case, the aircraft, which at
the first moment received an impulse [force] from the stroke of
the wings through the air, the next moment was rising by mere
inertia.

Turns.

Turning the aircraft around the longitudinal axis with a
vertically placed balloon is very easy; whereas last year, with a
horizontally placed balloon, a considerable number of strokes
by the wings was required before the airship began to turn.

Descent to the ground.

Descent of the craft usually takes place with acceleration. To
avoid the impact of the apparatus with the ground, a device (R)
is provided near the seat, so that the aeronaut, at the last
moment of descent, [can come off the seat so that he] touches
the ground first of all with his feet and takes the first impact, so
to speak, on himself. The feet of the aeronaut, in this case, play
the role of a spring. The next moment the aeronaut screws into
the ground a specially adapted drill and then can freely exit the
apparatus.
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SpareValve.

Two cases of improper balancing the airship took place during
our experiments on October 8, 1897 and October 7, 1899, as a
result of which the apparatus became lighter than air and the
aeronaut was found helpless in the air — these two cases make it
necessary to have a standby valve in the lower half of the
balloon for venting a portion of gas and for [a controllable]
descent, thus preventing possibility of accidents.

Propulsion mechanism.

The incident when the chain jumped off the gear during flight,
indicates the possibility of such incidents occurring in the future
with motorized mechanisms of any type. Although construction
of propulsion mechanism of the 1899 type was relatively
simple, nevertheless, in my opinion, it is still [too] complicated
for air flight. If the bicycle’s mechanism fails, the bicyclist can
always safely jump to the ground and fix the mechanism; but in
the air it is much more difficult to do - both because of the
inconvenience and because of the danger dropping any part of
the mechanism and losing a certain weight.

That is why | consider it necessary that the propulsion
mechanism for air travel be extremely simple, not containing, as
far as possible, such components as chains, wheels, or any other
moving small [and possibly detachable] parts. This simplicity
will later be required by life itself, so it is better to provide it
now.

In view of what has been said, my proposal is to perform a
radical restructuring of the propulsion mechanism in order to
achieve its ultimate simplicity.

Moored aircraft.

Due to very special conditions, in military and naval affairs, the
use of the [described] airship in the ‘tethered ascent” mode,
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“ballon-captif”, will be required. But if one moors the airship
by its lower part, as the practice is with the spherical balloon,
this will result in enormous practical inconveniences: the side
surface of a vertically positioned balloon is so large that a priori,
it can be argued that its swaying under the influence of the
wind, even weak wind, will be very significant.

But, the situation would be very different if you moor the
airship by its upper part. (Figure 16). In this case, the aircraft
should also ascend in its usual way, that is, by the work of the
propulsion engine (aeronaut); but in the air, the device will
behave as an ordinary Kite, the front lateral surface of the
balloon will play the role of an airplane, slightly inclined to the
head wind.

Figure 16.

The weight of several poods [~80 kilograms], suspended from
the lower part of this airplane (the weight of the aeronaut),
guarantees the stability of the aircraft in the air.

In order to weaken the air pressure on the front lateral surface of
the balloon, it will be sufficient to attach in front of the balloon
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(and at some distance in front) the kind of sail that will take on
itself the wind pressure.

The use of such a method for obtaining tethered ascents still
requires an expert test, although in Germany experiments with
similar tethered, elongated balloons have already yielded
satisfactory results.

Whether or not the steam winch is necessary for the above-
mentioned tethered ascents, and at what strength of the wind it
becomes necessary - all these and other similar detailed
technical questions will be resolved by future experiments.

Annotation (from the German edition):

In certain cases, however, it is possible that the descent of the
[tethered] aircraft [type 1899], would be performed
autonomously even in fresh headwinds, provided that the
"active weight" (as well as the "latent active weight") is
sufficient — i.e. [descent would be possible] without the pulling
down of the apparatus by means of a rope, consequently also
without the participation of a steam-winch.
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CHAPTER 5.

Apparatus for obtaining hydrogen and producing iron
vitriol.

| was always amazed that the production of hydrogen is
considered an expensive production. Even the Aero-club in
Paris has awarded a prize to someone who will reduce the cost
of hydrogen. In the past (1898), in my report, | pointed out that
the production of hydrogen can be obtained for nothing; the
same was said in my table (Chapter 8). At first glance, this
seems to be a paradox; now | will give the correct calculation
here.

The cheapest method of obtaining hydrogen is an old method:
the action of liquefied sulfuric acid on iron filings. The main
products of this interaction are pure hydrogen (Hz2) and iron
sulfate (SO4 Fey).

Chemical plants, where iron sulfate is produced in large
quantities, look at hydrogen as waste; while the aeronauts look
at the iron sulfate, as waste. Without resorting to Solomon's
trial, simple logic will tell you that in the first case, each of
them must be given what is valuable to him: the aeronaut be
provided hydrogen, and the chemical plant - iron vitriol. The
chemical plant, therefore, will pay the aeronauts all the cost
spent on obtaining hydrogen.

The fact that | have been conducting this economy for three
years and paid off my expenses for hydrogen, will serve as the
best proof of the validity of the above considerations.

In fact, the calculation is very simple: In theory, 1 pood of
sulfuric acid, worth 85 kopecks, and 23 pounds of iron filings,
cost 30 kopecks (total 1 R. 15 k.) produce 2 poods, 23 pounds
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of ferrous sulfate, valued (at 70 kopecks per pood) — 1 R. 90 k.
[Note: A pood is an obsolete Russian unit of mass. 1 pood = 16.3807 kg =
33 imperial pounds. A Ruble (R) is 100 kopecks (k).]

So, with a cost of 1 rub. 15 kopecks for the raw material, it
returns 1 rub. 90 kop. gross income from the sale of vitriol.
Hence it is clear that chemical plants for this production [of
iron vitriol] can still pay the cost of labor, fuel and even
generate a certain % of profits. It is impossible to imagine
another way of producing hydrogen, which, covering all costs
for itself, could also provide for a small profit balance. The
resulting iron vitriol finds itself a market for wool washes, dye

factories and in sanitary matters. [Note for the reader: A “wool wash”
refers to a process by which the wool is rinsed in a “mordant” so the dye
used to add color to the wool is set permanently in the fiber. In this case,
iron vitriol had multiple uses, as a mordant, and as a dye. This knowledge is
largely lost today.]

The apparatus for obtaining hydrogen, which has been
functioning with us for two years and has been improving
every year, is arranged according to the plans and drawings of
the chemist at the Kharkov Technological Institute VP
Pashkov.!

The device consists of two wooden, leaded tanks (200 - 250
buckets each) AA, put on the tower [see Figure 17]. From the
holes made in the bottom of each of the tanks, liquefied
sulfuric acid flows and enters a large iron cylinder-generator

(B), also lined with lead. [Note: A bucket (vedro) is an obsolete
Russian unit for measuring the liquids. 1 vedro (bucket) = 2.7 gallons

11 cannot help but take this opportunity to bring my deep and sincere
gratitude to VP Pashkov, AP Komarov, VO Piletskii, and many other
persons from the teaching staff of the Kharkov Technological Institute, this
highly-intelligent center of Kharkov, for that sympathy and participation in
both word and deed, which I always met among them in my works.
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(UK)]. Acid flow from the tanks is regulated by special locks
(C), cleverly invented by the mechanic Kochergin. The
generator is filled with iron filings, on which the acid flows
from above as rain. The resulting hydrogen passes, then, to the
next smaller, also iron, cylinder-rinse (D) filled with coke.
Here the gas, entering from below into the cylinder, passes first
a volume of water, constantly renewed, then makes its way
between the coke upwards and on its way is washed by the rain
of water falling from above through the watering can (E),
strengthened under the top cover of the cylinder. Here, the gas
gives up its water and cools.

Figure 17.

ATHANAAY TSR
H2 to the airship &

Having passed, in the same way, two cylinders (F and G) filled
with quicklime [caustic lime, unslacked lime], the hydrogen,
now cooled, dried and purified enters the balloon.

In the generator, simultaneously with the production of
hydrogen, iron sulfate is formed, which passes into the
solution. This solution, namely its lower layer, as the most
saturated, flows through the hole made at the very bottom of
the cylinder generator, then rises along a vertical pipe forming
communicating vessels (K) with the generator and pours out
into a nearby lead box, in the ground. Here, in the course of the
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day, mud is deposited. The next day, the solution is allowed to
pass (via) siphon in another large lead-box-tank. From here the
solution is pumped to the evaporation tank, also leaded inside,
where it is condensed to 42-44 degrees by Baumé thermometer.
The condensed solution thus enters the lead frying pans, where
it crystallizes. This ends the whole production, which is so
simple that it was excellently accomplished by two people,

employed straight from the village. [Note: “Degrees Bé” refers to the
Baumé scale, a measure of a solution's specific gravity. The Baumé scale is
almost never mentioned in chemistry course but tradesmen use it as a
convenient way to check solution concentration.]

The experiments were carried out on an open field near the
station "Rogan" of the Kharkov-Balashov Railway?, where |
arranged a small aeronautical station.

2 Many difficulties, sometimes insurmountable, | had to meet in the
construction of an aeronautical station and in the organization of
experiments and if not for the enlightened assistance of persons serving on
the Kharkov-Balashov Railway. etc., | was threatened, among these
difficulties, to suffer a complete collapse.

| take the liberty, therefore, on behalf of science, to bring warm gratitude to
A. I. Klimchitsky, the manager of the Kharkov-Balashovka Railway. etc.,
and to S. A. Karpinsky, A. A. Shurinov and N. P. Gersevanov on the same
road.
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CHAPTER 6

Assessment of the practical value of the ‘type 1899° airship

The era of truly practical human flight has not yet arisen. Perhaps,
the 20th century, in this respect, will be immeasurably happier than
the nineteenth. The most modest desire of practical life [to include]
flight has remained so far unsatisfied. Practical life would at first be
modestly satisfied with the achievement of simple, practical,
convenient, safe and cheap ascents and descents of an aircraft
without jettisoning ballast and without venting the gas: but inventors,
keen on solving the problem of flying against the wind, ignored the
satisfaction of these, even modest desires. Thus, and until now, in
addition to the usual [spherical] balloons — a primitive aircraft, there
is nothing on the market.

It is clear that life, far from being spoiled by an abundance of
practical aircraft, does not submit especially stringent requirements
for the first development and, in any case, will not follow those
enthusiasts who, apart from flying against the wind, do not want to
know or see anything. It will not be said: “either let's have flying
machines that can fly against all kinds of winds, or do not give us
anything”; but, on the contrary, contentment will be achieved only
with the modest means that are now at hand [i.e. the author’s airship]
which represents an indubitable step forward and a key to further
progress.

291



— 57 —

In fact, what would these enthusiasts say about those sailors who did
not want to use [sail]ships just because their imagination was drawn
to the steamers of the future?

Practical life, being too far removed, at first, from flying machines
[duplicating] the properties and qualities of the bird’s flying
mechanism, at the same time will insistently require that any aircraft
claiming to occupy a place on the market should satisfy the
following basic requirements:

1) simplicity,

2) safety,

3) portability,

4) ease of management,
5) long life,

6) cheapness.

The fate of any proposed aircraft depends on its satisfaction of these
requirements. | am convinced that practical life, in most cases, will
accept even an aircraft possessing a balloon that cannot fly against
the wind, but which meets the above qualities, as preferable to an
aircraft without a balloon flying against any winds, given that the
latter will be either very difficult or not safe or very expensive, or the
duration of its life will be limited to but a few hours of flying.

While working on the development of an aircraft, | tried not to lose
sight of the requirements of practical life, clearly realizing that the
future fate of my flying project depends on satisfying these
requirements. And | allow myself to think that my proposed flying
project, closer than all others, stands at the door of a practical
resolution of the problem of human flight.

1) The flying apparatus, which | advocated, is simple both in its
theory and in its design. The future engine should be so simple that
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all parts of a given aircraft would constitute one harmonic unit of
simplicity and affordability for everyone. To that end, | have already
undertaken preparatory work.

2) In the section on the stability of the aircraft (Chapter 2), the reader
could see how the many safety features are presented. In fact, during
our experiments there were several cases of breakdowns of separate
parts of the mechanism [while] in the air: two times the vehicle was
not adequately balanced and, nevertheless, there were no accidents
for the entire number of ascents (about 200), although not at
significant altitude. The device when falling, could always be
retarded in the air either by wings (1898) or by an airplane (1899)
and controlled to descend slowly and smoothly. This safe operation
allowed us, during our experiments, to fly in a variety of conditions.

3) Portability of the aircraft, is mainly due to the low volume of the
balloon (150 - 170 cubic meters). Due to this, a relatively small shed
(hangar) is needed to store the airship [fully] inflated (and ready to
fly at all times) during 7 to 9 days. The device requires [but] a little
time to assemble and disassemble, and requires a small amount of
hydrogen to fill the balloon. In addition, it can easily be carried by
several people in an inflated and assembled state, and for its
transportation, weighing only 4 to 5 poods (64-80 kg), it requires
[only] one cart, where cylinders with compressed hydrogen can be
placed for one inflation.

As the engine’s power increases, the [required] volume of the
balloon decreases accordingly, as if to atrophy; and this, in turn, will
increase its portability even more.

4) The convenience of controlling the aircraft is established by its
simple construction. The mechanism for controlling the aircraft is
very simple: in the hands of the aeronaut there is one handle for
controlling the airplane and two handles for controlling the
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propulsion mechanism; the latter he sets to a certain position,
depending in what direction he wants to direct the driving force —
upward, downward, forward or backward to manage the obliquely-
descending flight. This device does not require, in itself, a long
training [period] to understand, or special knowledge.

5) The lifespan of a commonly-used [spherical] balloon is limited to
one or two ascents, which effectively exhausts its useful life and
consumes gas and ballast. The reason for this short lifespan stems
from the very essence of the design of the [spherical] balloon. The
airship which I advocate, can operate up to 7 to 9 days; and the
number of flights can be unlimited. During this time, the gas
gradually diffuses [out] through the balloon’s fabric and the
apparatus becomes heavy due to the backward diffusion of air into it.
In this apparatus, its lifespan does not depend on its very design in
essence, but on the present technical imperfections in the preparation
of the balloon’s fabric. There are data (remember the lost
composition of Coutel) to expect that the technique of manufacturing
a gas impermeable fabric will be improved further, and then the life
expectancy of a balloon-type aircraft [airship] can be prolonged to
several months, which is very important for the convenience of
making long-distance air voyages.

6) The price of the device is an extremely important factor that
determines the extent of its practical application in life. Bicycles
would not have become so widespread if they had cost several
thousand rubles each. Similarly, for aircraft, the price of several
thousand rubles will already significantly limit their availability for
use in everyday life.

The most valuable part of this airship is a silk balloon. The rest — the
motor mechanism with all accessories — can cost about 200 rubles,
being made by handicraft. The price of the balloon varies between
800 - 1000 rubles. If instead of silk balloon to be content with a
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balloon made of cotton fabric, as is practiced by the German army,
the cost of such an airship may drop to 500-700 rubles. With a mass
production [plant] method of manufacturing aircraft, the price will
undoubtedly decline even more.
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CHAPTER 7

Intended practical applications of the flying apparatus of
the 1899 type.

A. In military affairs.

Recognizing my incompetence in the question of the application
of aeronautics for military purposes, | will nevertheless allow
myself to express a few general considerations about this side of
the matter, which are accessible even to non-specialists.

A flying apparatus in this area can be used:

1) For the intelligence discipline, at close distances and for
reconnaissance into the depth of enemy positions.

2) For wireless telegraphy between separate parts of the army.

3) For topographic surveys of localities in order to quickly and
accurately familiarize with local large and small routes of
communication, large and small obstacles to the movement of
troops, etc.; for surveying the bottom of rivers and finding fords.

4) For the correct determination of the distances to the enemy for
the purposes of rifle and artillery fire: to observe the effectiveness
of artillery fire and for fire control.

5) As an observation post for the military commander before and
during the battle; for a quick and accurate knowledge of the
results of the operation undertaken: to verify the correctness of the
movements made by the troops and for the precise direction of
these movements.
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6) To eliminate the system of espionage, most often dubious, or at
least to control the information reported by the spies and in this
way, to a large extent, increase their veracity and accuracy.

7) To limit the expenditure of troops on reconnaissance
detachments, which often weakens a certain type of weapon.

8) As a convenient means for the commander to know exactly at
any moment the actual location and condition of his rear parts
(reserves, convoys, infirmaries, communications, etc.)

9) For the quick and accurate diagnosis of the enemy’s
disposition, his forces, his means - which will have a natural
consequence in the quick and expedient onslaught, by the
army which owns an air reconnaissance.

The importance of reconnaissance does not need to be advocated
for; it is sufficient to note that the reconnaissance delivers that
raw material of information about the enemy, it is the basis on
which the plans for battles are built, and even the initial plan of
the campaign is modified. With the modern speed of movement of
troops, thanks to a network of strategic railways, this information
must be extracted quickly and fully. The delay, incompleteness,
inconsistency of this information can lead to fatal consequences
even for the whole campaign.

Until recently, reconnaissance detachments and patrols performed
their functions satisfactorily, pushing like tentacles to close
distances from their units, and were immediately drawn back into
their bodies as soon as danger approached.

But with modern methods of warfare, the role of short tentacles is
already far from sufficient: the long range of modern new
weapons has significantly increased the distance between the
belligerents. It is clear that, under these conditions,
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reconnaissance detachments will have to penetrate for
considerable distances from their units towards the enemy
positions; and this is feasible only if the reconnaissance units are
strong enough to withstand the onslaught of the enemy during
accidental collisions.

But acting even by large masses and penetrating for considerable
distances from their units, reconnaissance units will not be able to
come close to enemy positions in view of the long range of new
weapons; the use of smokeless powder will make it extremely
difficult to accurately determine the location of the enemy, the
location of his positions, his strength, etc., or all this will be
associated with loss of time and people.

All this means that with modern methods of warfare - with
smokeless gunpowder, range and rate of fire of new weapons, the
form in which the intelligence discipline has been practiced so far
requires a radical restructuring.

The fact that every hillock on the way is a valuable aid for the
operation of reconnaissance detachment and is utilized by them as
full as possible — this fact indicates that observation from above is
an ideal way of reconnaissance. One person, who watches even
from a small height of the balloon, can deliver much more
complete information than a whole system of reconnaissance units
operating below.

Unfavorable atmospheric conditions — foggy days, strong winds
and rains — represent the circumstances in which an aerial
intelligence is impossible; but these same circumstances to a
considerable extent also hinder the reconnaissance detachments.
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But, from the height of the balloon, at a favorable moment, one
can in one hour reward several days of waiting.*

With the use of small portable flying apparatuses, the intelligence
discipline is able to perform its functions much more completely
at an incomparably lower cost of people.

A small detachment consisting of about ten people and equipped
with one flying apparatus, with a modest supply of a cart with two
horses — is all that is needed to successfully replace several
reconnaissance units. A few dozens of such aerostat detachments
will make redundant the withdrawal of large masses of troops
from the army and the loss of valuable time for the performance
of the reconnaissance service. At the cart are the gas cylinders
with compressed hydrogen, sufficient for a single charge (150 -
170 cubic meters); and in the same cart can be placed a flying
apparatus [itself], disassembled and folded, weighing 4 to 5 poods

! This also includes the vulnerability of a flying apparatus to gun fire. It would
seem that the flying apparatus is most vulnerable to the action of gunfire at the
moment when it flies over the enemy. But it turns out that with a vertical
balloon the vulnerability of the apparatus is extremely insignificant.

Photo No. 3 (see the plate of photographs, page 79) was shot when the
apparatus was flying almost exactly overhead. Here the balloon is completely
hidden behind the airplane, which at the height represents an insignificant
target. Photo No. 2 presents a snapshot from the device at an angle of 15 to 20
degrees from the vertical. Here, the balloon in the projection also represents an
insignificant surface. Starting at about 20 degrees from the vertical, the target
area grows; but at the same time the distance from the shooter also increases. It
is not necessary to forget that all these flights through the positions of the
enemy must be made at an altitude of at least two versts [one-and-half a mile]
above the ground, as is customary in military reconnaissance ballooning. The
small target area of this flying apparatus will allow it to fly over the enemy
positions much lower, which is of great importance for increasing the
dimensions and, consequently, the accuracy of photographic images, and on the
other hand for expanding the boundaries of the area of the apparatus’ maneuver
in the vertical plane.
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[about 70 or 80 kg]. At a short notice, in less than half an hour,
the apparatus is equipped [ready] for the ascent.

With an unfavorable wind, ascents can be tethered (like ordinary
kites); but in a quiet and mild weather, the ascents can be free,
and the aeronaut may move in any direction. After the
examination of the terrain, the flying apparatus, remaining
charged, can be freely transported to another place by two or three
people. For convenience of transport, small bags [weight] filled
with sand [or soil] are suspended along [to the sides of] the
balloon to diminish its lifting force. The flying apparatus can also
be transported from place to place, remaining aloft while manned
with an aeronaut.

Several such small detachments, located at a known distance from
each other and forming a chain, can communicate with the main
quarters by wireless telegraphy according to the system of Prof.
Popov and immediately report the results of the observations.

The clash of two armies, of which one owns the air
reconnaissance, and the other — owns it not, will be like the
struggle of the sighted with the blind.

The intelligence, when studying the enemy positions only on the
periphery, as it is done at the present time, is far from exhausting
its purpose, namely, the delivery of complete information about
the enemy. This service [i.e. intelligence] would be perfect in
performing its functions if it had the opportunity to penetrate deep
into the enemy's positions, and to venture into reconnaissance of
the farthest and deepest dispositions of enemy forces, reserve
units, communications routes, convoys, camp arrangements, of
the internal arrangement of forts and fortresses, etc.

300



— 66—

For air flights of deep penetration, special air detachments should
be organized equipped with photographic cameras. First, a single
‘pilot’ [air-reconnaissance] aircraft is dispatched, it will determine
the existence of a favorable air current at the height of 1 to 3
verst’s [approximately 0.7 — 2 miles] in the direction of the
enemy. Or, alternatively, it could determine a favorable airflow by
the course of the clouds, as is often the case?. Then the main
detachment is flown to a height determined [by the “pilot” or
‘lead’ aircraft].

Flying over the enemy positions, this detachment photographs
their location along the way. Maneuvering, then, in the vertical
plane higher or lower, the detachment finds a reverse air stream
with which it returns back immediately, if this stream is found, or
waits for a while until the air current again becomes favorable for
return, bearing in mind that the direction of these flows often
changes during the day.®

The ability to maneuver among the air currents of various
directions and to find a favorable air current is of immense
value and is the main factor in accomplishing all future long-
distance air voyages.

The study of air currents at different heights for each locality
according to the seasons and hours will serve, as Flammarion
says, the resolution of the great problem of air navigation. No
doubt that the laws of air currents will be quickly studied, as soon

2 The movement of the clouds, in this case, will serve as a great help to the
aeronaut even when he is at the same height with them.

3 Moritz Foreman, experimenting with a pilot balloon, showed that within a
range of 1600 meters from the ground the wind was changing its direction nine
times (Wonders of the Air Ocean, p. 34); in addition, the winds still change
their direction during the day, forming, so-called, a wind rose.
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as the means for this study are at hand; but during that initial
period the long-distance air voyages would be conducted with
uncertainty, [in fact it will be “flying by chance”]. As the study of
air currents proceeds, the “flying by chance” will give way to the
“flying at will”. In the places of future alleged theaters of military
operations, the state is obliged to study empirically in advance,
like the routes of communication on the ground, the air currents at
different altitudes according to different seasons and hours of the
day, to draw up special maps and keep them in secret.

Already now there are many facts that indicate that at low
altitudes the air currents have a relative constancy in their speed,
and at high altitudes - also in their direction and that they "move
in a smooth, majestic course, like the current of a huge river"
(Flammarion). This sharply differs from alternating winds
blowing on the surface of the earth. These are the streams of air
(gulf streams) which are used instinctively by migratory birds.
The birds use these favorable air currents, despite their possession
of ideal flying devices, achieving 100 to 200 versts per hour [i.e.
approximately 60 to 130 miles per hour].

To maintain communication between individual units of the army,
forwarding orders, obtaining information, etc. — the intelligence
discipline has a number of means at its disposal: telegraphs,
telephones, alarms, pigeons, trained dogs, etc. —all this is
specially adapted for the service. All these funds have their own
merits and their shortcomings, and the merits of one remedy cover
the shortcomings of the other. Therefore, the use of aircraft for the
same purposes, although it does not exclude the use of other
means, nevertheless can fill all their shortcomings. Practice itself
will indicate where to use one tool, and where - to use another. It
would just be from which to choose.

302



— 68 —

Each regiment may have at its disposal an aircraft for such
purposes. The flying apparatus is quite portable, it requires only
one cart and several attendants. It follows the detachment on-
march, not hindering its pace. The experiments made abroad in
wireless telegraphy by the Marconi method, from the height of the
balloon, have yielded the results quite satisfactory, and open the
doors of a practical application of this method for intelligence,
within the widest limits of convenience and utility.

Each battery can have a flying apparatus to observe the
effectiveness of the artillery fire and for fire control. When firing
at an invisible target, as is the case with the current long-range
guns — an invisible target can be visible from the height of the
balloon. Experiments with this kind of aerostat application are
already under way in Germany, France, England and Italy.

The idea to control the course of a battle from the height of an
aerostat has already been applied abroad with a success — both on
a real battlefield and on maneuvers. For this purpose, a flying
apparatus could be designed for two men, the pilot and a
passenger.

A military commander, once provided with the ability to quickly
and accurately diagnose the location and strength of enemy
positions from the height of an aerostat, can quickly and
accurately direct his forces to the enemy. This circumstance, other
things being equal, satisfies the strategic principle of “act by
surprise”, and provides tremendous chances of success for a party
that has an [advantage of] aerial reconnaissance.

In addition to military affairs, an aircraft can be widely used:
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B. In the Navy: for intelligence at high seas; to detect the
approach of the desroyers and submarines; to detect minefields;
for the detection of reefs and shallows; for preliminary inspection
of the shores before the landing; for wireless telegraphy between
individual ships, and so on, and so on. This area of the application
of aircraft was carefully and thoroughly investigated by
Lieutenant MN Bolshev in his lectures, to which I refer the
reader.

C. For meteorological research.
D. For scientific studies of the atmosphere.
E. For aerial photography.

F. For topographic surveys of the terrain and of the bottom of the
rivers.

G. For medicinal purposes (mountain air).
I. For railway surveys.

K. For geographical studies; for flights over mountains, rivers,
precipices, etc.

L. For sports.
M. For the transport of mail (Franco-Prussian War of 1870).

Note: Probably there will be critics who, convulsively clinging to
[spherical] balloons of today, will assert that all of the above in
this chapter can be achieved with the conventional [spherical]
balloons. Of course, in fact, this is true — it is also true, as well as
the fact that you can move on a simple cart, communicate not via
the telegraph, but via the couriers, shoot with a bow, etc. But it is
unlikely that will be found such friend or foe, who would obey
this cunning advice — [everybody is] firmly aware of the old
military axiom that “in warfare, the one who is the first with any
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new technology, always obtains enormous advantages.” (Leer,
Public Lectures on the War of 1870, p. 8).

All of the previous discussion, I hope, gives reason enough for the
reader to be sure that we have already moved from a dead end and
are moving forward from [spherical] balloons. By the way,
history, to my comfort, is on my side, demonstrating that the
power of things through the fateful course of events is
everlastingly victorious and levels out the will of individuals.

305



CHAPTER 8

A table of comparative evaluation of standard [spherical]
balloon and the 1899 aircraft.

The following table, reported by an "unbiased" (?!) critic, as
"shameless advertising" (1), was developed by me year ago. In this
table, a parallel is made between the [proposed] airship and a
ubiquitous [spherical] balloon. The latter, as the only actually
existing aircraft, was accepted by me as a unit of comparison.

With a [spherical]

balloon. With this Airship.
1. Inflation with hydrogen, 15 men or more. 3—4 men.
pre-flight assembly, and in
general launch preparations,
requires
2. The time for all launch 3to 4 hours. Up to one hour.

preparations, under the same
filling conditions, required

3. The transport of inflated Not practiced 2 - 3 men.
and equipped aircraft,
following troops on march

4. The transfer of the device 15 men or more 3 men.
in the folded and
disassembled state, requires

5. Transportation of the 7 carts or more. One cart
apparatus and all accessories,
steam winch including, but
without cylinders for
compressed hydrogen,

requires
6. When using the craft as Steam winch. Steam winch
tethered-balloon, required not required.
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With a [spherical] balloon.

With this Airship.

7. Free flight of aircraft,
by standard practice,
performed

To a predetermined height,
depending on the internal
conditions of the balloon.

To arbitrary height,
starting from 1 meter
above the ground,
according to the will of
the aeronaut.

8. Free flight in calm and
mild weather

Non-steerable.

Steerable.

9. Free flight with
different air currents at
different heights

Carried by the current, to
which the balloon
encounters at random.

The aeronaut at will
arbitrarily finds a
tailwind.

10. The moment of
descent

In the power of an aeronaut,
till the exhaustion of the
ballast.

Always in the power of
an aeronaut with no
requirement of ballast.

11. Final touch-down

As arule, risky

As arule, not risky.

12. Multiple ascents and
descents

Impossible.

Possible unlimited
number of times.

13. One inflation by
hydrogen serves

For one ascent, sometimes
twice.

For unlimited number
of ascents during a
period of 8 to 9 days
with a small top-off for
hydrogen leakage.

14. The cost of one
inflation with hydrogen

It does not cost
anything, since the
produced iron vitriol
completely covers the
cost of inflation.

15. The cost of the whole
apparatus

From 6 thousand rubles and
higher.

800 - 1000 rubles with

silk balloon, and 500 -

700 rubles with percale
balloon.

16. Practical use of the
vehicle.

1. For reconnaissance
service.

2. For photographing.
3. For meteorological
surveys.

4. For entertainment
purposes

See Chap. 7.
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CHAPTER 9.

Conclusions.

1. The desire to immediately solve the age-old problem of

a manned flight in its full measure, by designing an aircraft with no
[lifting gas and] balloon, is the result of a false idea. This idea is
epidemic among the masses (p. 3).

2. The resolution of this problem will be accomplished by
experience, starting with accomplishment of the simplest forms of
flying (in quiet weather) and slowly, with a long series of
metamorphoses, finally reaching advanced forms that satisfy all
the requirements of practical manned flight (Chapter 2).

3. The proposed airship belongs to the class of heavier-than-air
type aircraft and represents the next step on the long ladder of the
evolution of aircraft, the first step being the balloon, [which is]
lighter-than-air (that is, with "passive weight" only; without "active
weight") and the final step being a heavier-than-air craft, without
any balloon (that is, with "active weight" only and no "passive
weight"), [culminating] the gradual transition from purely "passive
weight " to purely "active weight" (Chapter 2).

4. The evolution of the aircraft will go hand in hand with an
increase in the productive mechanical work of the engine, which
will contribute to a quantitative increase in the performance of the
vehicle, but the engine [alone] will not bring with it a new
component of flying. (Chapter 2).

5. Before the emergence of a simple, light, strong and safe

mechanical engine that is perfectly suited for flying, the role of the
latter should be performed by the aeronaut himself.
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6. All the work of the engine [propulsion] should be aimed at the
ascent of a certain weight into the air [above the ground]; the
descent of the craft is performed by the force of the gravity of the
[then] ascended weight (Chapter 2).

7. Horizontal flight ensues as a result of the craft falling to the
ground and represents a resultant of two forces: the propelling
horizontal component of the force on one side, and the force of the
aircraft’s descent, on the other.

The speed of the diagonally-descending flight is in direct
proportion to the magnitude of the weight lifted by the engine

[propulsion] and from the angle of the airplane's tilt. [Note: Here, and
throughout, the term “airplane” refers to the flat, rectangular plane louvered
surface above the pilot associated with the airship which is the subject of this
document. See “cc”, Figure 3, page 11.]

The magnitude of the intrinsic velocity of the diagonally-
descending flight of the craft, in turn, determines its ability to
overcome to a greater or lesser extent the opposing head wind
(Chapter 2, sections 4 and 5).

8. The force that draws the aircraft to the ground with a diagonally-
descending flight-path can exceed the force lifting the aircraft from
the ground by several times, thanks to the utilization of the force of
the "hidden active weight" and the force of the "hidden passive
weight " (Chapter 2, parts 2 and 4).

9. The trajectory of the diagonally-descending flight will be
represented by a wavy flight path (“wellenflug” in German),
consisting of a series of almost vertical ascents and diagonal
descents (Chapter 2, section 7).

10. The vertical orientation of the balloon results in minimal air
resistance during ascent and descent of the airship, and provides
two functions: a) compensates for the deficient power of the
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[human] engine (for raising the whole craft in the air) and b)
guarantees stability of the craft. (Chapter 2).

11. The Vertical [oriented] balloon, during the diagonally-
descending flight, deviates backward [somewhat] from the vertical
[position] by a certain angle and is [therefore] predisposed by the
lower pointed nose to [point into] the head wind (pages 20 and 21).

12. The ability to maneuver among air streams [flowing in]
different directions and [the skill] to find favorable air currents will
constitute the primary measure of the mechanics of practical
manned flight, even in the distant future (Chapter 2, section 8).

13. Practical flying will progress from controlled flights in quiet
weather and in mild winds (at the beginning) toward the [the
ability of] flying against a strong wind. Not vice versa. (Chapter 2,
section 5).

14. The full goal of solving the problem of manned flight will be
fulfilled when aircraft are ‘affordable for everybody’. (Chapter 6).

Closing.

I have completed my work. The future will show to what extent
my thoughts and plans will turn out to be true and practical.
Modern man will scarcely be able to judge properly the ideas
expressed here: he is far too much devoted to the pipe dream of
creating, in one stroke, a flying apparatus capable of flying against
a "storm-wind". A whole century he wasted in pursuing this
cherished dream and half-measures were treated by him with
indifference, if not with contempt.

The seductive thought to solve the problem of human flight at
once, addressing the entire problem, is a false obsession that
epidemically spread in the community, and fixates people's minds
and confines them, so that it does not allow aeronautics to develop
correctly and gradually. The very existence of flying mechanisms
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created by nature [i.e. bird flight], is a daily reminder stimulating
man’s desire to imitate, and nourished this false idea from ancient
times.

While for many other inventions (telephone, rays of Roentgen,
etc.), their implementation came earlier than anyone clearly
formulated the possibility of their appearance — [having] occurred
unexpectedly. And [these inventions] amazed the unprepared
populace, even in their primitive form. In the case of human flight
we see quite an opposite phenomenon: the idea of the possibility of
mastering the air ocean, clearly formulated by the masses, ran far
ahead of the possibility of its actual implementation. This gave rise
to man's incredible claims regarding an artificial flying machine: it
seemed easy for him to achieve the very [same] thing that nature
had already created.

Indeed, no invention, therefore, has encountered such monstrous
requirements, as flying machines. And so, in response to these
demands, from various ends of the earth, every day inventors have
hurried and hastened to present a complete solution to the problem
of human flight but ... only on paper.

The history of aeronautics reveals enough that, however correct
were the theoretical constructs and calculations, as in all existing
inventions without exception, the inexorable practice here also
requires a natural evolution from the simplest to the most complex
[forms], i.e. by a number of transition stages.

Stubborn people who recognize only a complete solution to the
problem of human flight will wait long for their winged Pegasus;
but there are others, more practical, who will be content with what
is now at hand. These people, with unshakable hands vigorously
tackling the matter, with thousands of experiments over several
years will develop manned flight to the sublime solution and will
bring the airborne vehicle to perfection.
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Then the routineers [ones who follow routine rather than
innovating], the enemies of progress and other dark forces will
have to be humbled and admit their mistake.

The creation of an airborne apparatus will not complete the full
cycle of resolving the age-old problem of human flight. We must
also make sure that this device is "cozy and affordable for
everyone,” as our venerable scholar Professor D. I. Mendeleyev
put it, meaning by these words the entire sum of the properties and
qualities of the [resulting] flying device that make it suitable for
practical use in everyday life. It could be confidently asserted that
whatever aircraft, airships, and ships there are in the future, if they
do not satisfy the requirements of practical life, they will serve
only as an expression of the triumph of science, but will not
penetrate all the pores of life.

The book of nature is open to all and the right to examine it is not
an exclusive privilege of a select subset of specialist; That's why |
too, though not a legitimate specialist, believe | have the right to
continue working with the aforementioned specialists to perfect my
apparatus, if only circumstances allow me to do so.

I do not consider my device to be complete, and 1 still look at it,
along with the highly respected professor N. E. Zhukovsky,! as an
embryo, which will still experience three stages before it reaches
the "truly ideal practical flying craft.” The stages are as follows:

Stage 1: The flying apparatus — [of a] ballooned [type]; the
propulsion (engine) — a [human] pilot’s [muscle power]. "Passive

11 Our national authority for aeronautics, Professor Nikolai Zhukovsky, was the
first who, as far back as 1894, ventured to recognize this aircraft as a "viable
germ" and took part in developing the idea underlying this device. | have deep
confidence that in due time this participation will be given an honorable place in
the history of the development of this aircraft.
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weight" prevails over the "active". In the vertical plane, the
apparatus is completely controllable [manageable]. In the
horizontal plane, its controllability is limited (it cannot overcome
the wind of average speed). Practical flying is by the use of
tailwinds.

Stage 2: The flying apparatus — [of a] ballooned [type]. The
propulsion — by an artificial mechanical engine. The "active
weight" prevails over the "passive" one. In the horizontal plane, the
apparatus is more controllable (it can overcome a headwind of
medium speed). Practical flying is by the use of tailwinds.

Stage 3: The apparatus is balloon-free. The propulsion by a strong
mechanical engine. There is no "passive weight” — there is only the
"active" one. The whole apparatus consists of an engine (with a
propeller) and an airplane. Practical flying is by the use of
tailwinds.

With this third stage, the development of a flying craft will be
fulfilled, which we, the people of the 19th century, now consider
ideal. But the human of the future will not stop with this heavy,
awkward aircraft: he will throw out the engine, throw out the
airplane, and again, like a mythical Daedalus, he will put on light
wings and begin flying again with the help of his weak muscles.
But previously he will reduce his specific weight.

And now, flying carelessly to and fro with the air currents in the
boundless ocean [of the atmosphere], he will ask himself: why did
the people of the 19th century waste a whole century and with such
tenacity try to fly directly against the wind !1. . .

END
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¢ § Tpu 6pamu-nixapi JJanunescoii

— Onexcanop, Bacunv ma

Muxauno Axosuui — 3aruwmunucs 8

CPCP npu 6inbuiosukax: 60HU

eKkazami y 008i0HuKy 1924 2. A oco

Kocmsaumun y noomy 6iocymuiu —

emep? Emiepysas?

Abo sionemis...”

K. B. Pycanos
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K. . Hznrnsescxkin.

Kocrsautun SAxoBuu JlaHneBCbKUI
(1855 — ? micns 1917) — BueHwid, Jgikap-npakTuk (HEPBOBI XBOPOOH),
BUHAXI1IHUK, ITIOHEP aBiailii.

Jlama u micye napooxcenns. Haponuses y 1855 pori B Xapkosi.

bamuko: SIxiB IlerpoBruy JlaHuneBChKUiA, MaiicTep-TOAMHHUKAD Ta
OJIUH 13 mioHepiB ¢ororpadii y Xapkosi.

bpamu: Onexcanap, Bacuins Ta Muxaiino — Jrikapi Ta BUCHI.

O. S. NanuneBcekuit — akagemik PAMH, B. fl. JlanuneBchkuii —
akagemik AH YPCP.
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Ocsima:

VY 1879 pori 3akiHYMB MeAUYHHUN PaKyIbTeT XapKiBCHKOTO
YHIBEPCHUTETY 3 BiJI3HAKOIO.

VY 18841888 pokax acmipanTypa npu XapKiBCbKOMY YHUBEPCUTETI
- CYUCTUACA CIMUNEHOUAMOM OIS NPUSOMOGIEHUSL K
npogheccopcromy 36aHUIO».

YV 1889 porii 3aXUCTUB TUCEPTAIliIO0 Ta OTPUMAB CTYIIHB JOKTOpPA
MEIUTUHH.

Y 1889 porii OyB BianpaBieHHUH y 3aKOPIOHHE BiPSHKEHHS /IS
BUBYCHHSI €JIEKTPOTEparii Ta HPBOBHX 3aXBOPIOBAHb.

Civ'a :
npyxuHa— Onena MukosaiBHa JaHuieBcbka (iBoue mpi3BHIIe
HeBiJIoMEe)

Ipogpeciiina disnvnicmo | Kap 'epa |Bunaxoou, npoexm
«llosimponnasanuns»

«bynyuu crynenrom, ciyxui B Kpacaom Kpecre B Pyccko-
Typelkyio BoitHy»!

VY 1879-1885(1886?) pokax (iMMOBIpHO, SIK CE30HHA JIITHS
3alHATICTH) — acHCTEHT Jikaps B.A. ®paHkoBcbKOro (2 pokn) i
HacTyIHI 6 pokiB— acucteHT Jikaps C.B. IBanoBa.(KaBka3bki
MiHepaJlbHi BOJIN).

VY 1880-1884 pokax. acucteHT Ha Kadepi 3arajJbHOI MaToJIOTIi
XapKiBCHKOTO YHIBEPCHUTETY.

VY 1884-1888 pokax ctumnenmiat (acmipanTt) kageapyu 3araibHOi
naTosorii XapkiBcbKoro yHiBepcuteTy. Came B Il pOKH

K. S. anuneBcekuii moOynyBaB JiTaro4y MOJENIb CBOTO
JTUPUKAOIISL.

! Turara 3 Asro6iorpadii K. 5. Jlanunescbkoro
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VY 1890-1898 pokax — mpuBaT-g01eHT [podecop] enexkrpoTeparii y
XapKiBCbKOMY YHIBEpCHUTETI, (YaCTKOBa 3aiHATICTh, 1 — 2 roauHU Ha
THXKJICHB ).

VY 1i poku 3po0iIeHO BUHAXO/IU, 1 BUTOTOBIICH] MPOOHI 3pa3Ku
arapariB KUMOPEOHOM, pOTAIliiHUN peocTar, paaioMeTp.

VY 1892-1900 (1901?) pokax — BiacHHK KiiHikr «CaHaTOpuil 1
BojI0JIeueOHOE 3aBeAeHue np.- goil. K. f. Jlanuneckoroy, Ha 25
JKKO-MiCIIb Y XapKOBI.

VY et ke nepiox, y 1897-1899 pokax, K. 1. JlanuneBchkuit
pealti3ye BUTOTOBIIEHHSI TOBHOMACIITAOHUX MPOOHUX 3pa3KiB Ta
MPOBONTH JTHOTHI BUITPOOYBAHHSI CBOIX EKCIICPUMEHTAITBHHIX
nupuxabIiB, ohopmitroe 3BiTH 13 hoTorpadisiMu Ta ciaaigamu,
pe3eHTye NonoBiab y Kuei, po3cuiae moBiqoMIeHHS PO CBOi
pobotu 1o yaconuciB ['epmanii, Benukoi bputanii, CIIIA).

Y 1900 porri numie Ta BUAAE KHATY «Y IPaBIIsiEMbIN JIETaTEIbHBIN
cHapsanb» (Xapekos 1900, — 82 ¢.), ska € miacyMKOM poOOTH, 3a
fioro nmporpamoro “Po3pobka in0usioyanbHo2o 1imaibHo20 anapama
3A07151 MACOBO2O BUKOPUCTNAHHA .

Opnouacuo K. . JlanuneBcbkuii myOIiKye 110 KHUTY TaKOXK
Himerpkor0 MoBoro “Ein lenkbarer Flug-Apparat” (Xapkis 1900, —
88 c.)?

YV 1903-1904 poxkax nepedyBae y 3aKOpAOHHOMY BiJIPSIIPKEHHS BiJl
XapKiBCHKOTO YHIBEPCHUTETY.

VY 1904 a60 1905 pori nepei3auTh Ha MOCTIHHE MPOKUBAHHS 10
Cankr-IlerepOypry.

2 _ ITpo HasBHICTh aBTOPCHKOTO BapianTy KHuru K.JJaHMIIEBCHKOIO TaKOX
HiMerpKo MoBoto y 2018 pori xisnascs W.J.Welker (CIIA). Kuury 6yio
inenTrugikoBano y 6iomioreni ITonbcekoro mysero asiamii (Kpaxis).
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31907 mo 1916 (1917?) pik - BIIbHO-IPAKTUKYIOYH#T JIiKap 1,
OJTHOYACHO, TOPTiBEIbHO-CaHITAPHUH JIIKap MICBKOTO PUHKY Y
Canxkr-IlerepOypsi (ITerporpani).

Jlama ma micye cmepmi —10TeTIEp HEB1IOMI, OHAK, O€3 CYMHIBY—
He panime 1917 poky! ®pa3za, 1m0 1 MOXKHA 3yCTPITH y ACIKHX
myOJTiKaIisax, i IKy po3MOBCIOHPKEHO OH-JIAWH MPO «CMEPTh
n300peTaTelis He3a10JIr0 10 Havasa epBoil MUPOBOW BOMHBI»
(cedro y 1914 porii abo paHiriie), sika Ha4YeOTO «OCTATACH
HE3aMEUEHHON COBPEMEHHUKAaMU» — aOCOJIOTHO HE BiJIOBIIA€
JIHACHOCTI Ta CynepeyuTh ODiliifHUM JOKYMEHTaM. 3TiIHO 13 TUMHU
nokymeHTamu, y 1916 pori «a-p Jarwmnesckuit KonctanTHH
SkosneBuy, [18]55 [r.p.], [BeimyckHuK 18]79 [roaa],
[cnennanbHOCTH| HepB[HBIC 00e3HH], K[OJISKCKHUI ] a[ceccop]» —
MPALIOE TOPTiBEIbHO-CAaHITAPHUM JIIKApeM MICBKOTO PUHKY Y
[erporpani (BacuibeBckuii nonuneickuii okpyr); y 1917 poui Bin
Melkae 3a agpecoro «Hesckuii 92».3

3 Iepiox xutts K. 5. [lanunescskoro i3 1901 o 1917 pik Oysio aetanbHO
BHUBYEHO nepenuacHo nomepinM K. B. Pycanosum ta €. I'. Pycanosoro. Ock
(hakTu.

— l{opiune Bunanus MiHicTepcTBa BHYTpIlIHIX cripaB «Poccuiickuii
Menunmucknit Crincok», y CBOEMY OCTaHHBOMY mpuMipHUKY (1916) Bkasye Ha
K. 4. JlanusaeBchKOr0, Tak caMo SIK 1 Ha TphoX Horo 6patis (Onekcanapa, Bacums
ta Muxaiiia), TakoXK NPaKTUKYIOUHX JiKapiB.

— V¥ Terep6ypsi/ [Terporpani K. 5. JlanuneBchKiit Kijibka pa3iB 3MiHIOBAB Miciie
npokuBaHHsA. Anpeca craHoM Ha 1917 pik —

[erporpan, HeBcbkuit 92.

— 3a nepiog OypeMHHX POKiB pEBOIIOLIH Ta rpomMasiHebKol BiftHn 1917—1923,
nanux mpo K. f. JlaHuneBCbKOro 3HalTH He BAAJIOCS.

— O0’eMHe BHIAHHS, 10 BUMIIUIO MiCIII TPOMAISTHCHKO1 BiftHH — «CIICOK Bpadei
C.C.C.P. no cocrosiauto Ha 1 siHBapst 1924» Bka3ye iMeHa TpboX OpartiB
Hanmnescokux (Onekcanapa, Bacumst Ta Muxaiiina), oHaK HE Ma€ 3rajKu PO
oco0y sika € cy6’exToM Harroro gociimpkeHas — K. 5. JlanuneBcbkoro.
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cc Tpu 6pama-epaua
Jlanunesckue — Anexcanop, Bacunuti
u Muxaun Hxoenesuuu — ocmanucs 8
CCCP npu bonvuiesurax.: oHu

ynomanymol 8 cnpasouruxke 1924 2. A
eom Koncmanmuna 6 nem Hem —
ymep? Imuecpuposa?

Hnu ynemen...”

K. B. Pycanos
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K. . Hznrnsescxkin.

Koncrantun SxkoBneBuu J{aHuineBCcKui
(1855 — ? nocne 1917) — y4éHblii, Bpau-npakTHK (HEPBHBIC
00J1e3H1), H300peTaTeb, THOHEP aBUAITHH.

Jlama u mecmo powcoenus: Poguiicsa B 1855 rony B Xapbkose.

Omey. SxoB [lerpoBuy J[aHMIIEBCKUIA, YACOBBIX JI€JI MAacTEp U OJIUH
U3 MMOHepoB doTorpaduu B I. XapbKOBe.

bpamua: Anexcannp, Bacwinii 1 Muxaun — Bpauu U y4€HBbIE.

A. 4. JlanuneBckuii akamemuk PAMH, B. . JlanuneBckuit —
akagemuk AH YCCP.

323



Obpaszosanue:

B 1879 rony okoHYMI METUIIMHCKUN (PaKyIbTeT XapbKOBCKOTO
YHHUBEPCHUTETA C OTIHYUEM.

B 1884-1888 romax acnupanTypa npu XapbKOBCKOM YHHUBEPCUTETE
— CUUCTUTICA CIMUNEHOUAMOM OJisL NPULOMOBIEHUS K
npogeccopcKomy 36aHUIOY.

B 1889 rony 3amuTui 1uccepTanuio U MOJIyduI CTENEeHb JOKTOpa
MEUILIUHBI.

B 1889 rony 611 KOMaHAWPOBAH 3arpaHHUILy ISl U3yUCHHS
3JIEKTPOTEPAIIUU U HEPBHBIX OOJIE3HEH.

Cemvs:
xeHa — Enena HukomaesHa JlanuieBckas (IeBrUbs haMiIus
HEU3BECTHA).

Ipogheccuonanvras deasmenvhocms | Kapvepa / Hz06pemenus,
npoexm «Bo3zdyxonniasanuey

«bynyun crynentoM, ciyxui B Kpacaom Kpecre B Pyccko-
Typenkyio BoiHy»”

B 1879-1885 (1886?) romax (BeposiTHO, KaK CE30HHAsI JICTHSIS
3aHITOCTh) — ACCUCTEHT J-pa B. A. ®pankoBckoro (2 roja) u 3ateM,
cnenyromue 6 net, accuctedt a-pa C. B. iBanosa. (KaBkasckue
MUHEpPAJIbHBIE BOJIbI).

B 1880-1884 romax accucteHT Ha Kadeape oOImei maTomorum
XapbKOBCKOTO YHUBEPCHUTETA.

B 1884-1888 rogax crtunenauat (actupant) kadeapsl oomiei
naroyoru XapbKOBCKOTO yHUBepcHuTeTa. Kak pa3 B 3TOT mepuos

4 _ uraTa u3 Apro6uorpaduu K. . Jlanunesckoro
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K. 4. JlanuneBckuii NOCTPOMII JIETAOLLYIO MOJIENIb CBOETO KOHIIEMT-
JUPUKAOIIS).

B 1890-1898 romax npuBat-momeHT (mpodeccop) 3aeKTpoTepanuu B
XapbKOBCKOM YHUBEPCUTETE, (UACTUUHAS 3aHIATOCTh, 1 — 2 yaca B
HEJIEIIO).

B 3TH roap! cnenanbl H300peTEHMS, H3TOTOBIIEHBI OTIBITHBIE 00pa3bl
anmnapaToB KUMOPEOHOM, BPAILAIOUIUIICS peocTaT, pagluoMeTp).

B 1892-1900 (1901? ) rogax — Biaaenel KIMHUKA «CaHATOPHIA 1
BojosieueOHOe 3aBeaeHue np.-aoil. K. f. Jlanunesckoro» Ha 25
KOMKO-MECT B XapbKOBE.

B arort xe nepuon, B 1897-1899 ronax, a-p K. S. lanunesckuit
OCYIIECTBIISICT U3TOTOBJICHNE TOJTHOMACIITAOHBIX OMBITHBIX
00pas3IioB ¥ MPOBOIUT JIETHBIC UCTIBITAHUS CBOMX
AKCIIEPUMEHTANBHBIX AUPHKA0Iei, 0popMIIsieT OTUETHI C
dotorpadusamu u cnaigamu, aenaet aokian B Kuese, paccoinaer
co00I1IeHus 0 CBOMX paboTax B )KypHaubl [ epmanuu,
BenmukoOpuranuu, CIIA.

B 1900 roay mumier u u3gaeT KHUTY «Y IpaBIisieMblil JIeTaTeNbHbIH
cHapsab» (Xappkos 1900, — 82 c.), craBuieil UTOroM ero padoThl 10
nporpamme “‘Paszpabomka uHOUSUOYANbHO20 1eMAamenbHO20
annapama 0Jisl Macco8020 NONb306aHUA " .

OpnnoBpemenHo K.f. JlanuneBckuit myOnuKyeT 3Ty ke KHUTY U Ha
HemerrkoM s3bike “Ein lenkbarer Flug-Apparat” (Xapskos 1900, —
86c.)°

B 1903-1904 rogax HaXOAUTCS B 3arPaHUYHON KOMaHIHUPOBKE OT
XapbKOBCKOTO YHUBEPCUTETA.

B 1904 nnu 1905 rony nepeeskaeT Ha MOCTOSIHHOE KUTEJIBCTBO B
Cankr-IlerepOypr.

5 - Hanuume aBTopckoro Bapuanta kuuru K. 5. JIaHuneBckoro Ha HEMELKOM A3bIKe
obuapyxwi B 2018 roay W.J.Welker (CIIIA). Kuura 6blia uneHTHOHUIIHPOBAHA B
6ubmmoteke Ilompckoro myses asuanuu (Kpakos).
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C 1907 mo 1916 (1917?) roxa — BOIBbHO-TIPAKTUKYIOIINNA Bpay H,
OJIHOBPEMEHHO, TOPIrOBO-CAHUTAPHBIN Bpau rOPOJICKOTO PhIHKA B
Cankrt-Ilerepoypre (Ilerporpane).

Hama u mecmo cmepmu —J10 HACTOSIIIETO BPEMEHN HEU3BECTHBI,
0/IHaKo, 0e3 coMHeHUs — He paHee 1917 roga! ®pa3za,
BCTPEUAIOLIasiCsl B HEKOTOPBIX IMyOIUKALUAX TOTO BPEMEHH, U 4aCTO
MOBTOpsieMasi OH-JIAH PO «CMEPTh U300peTaTesst He3a0ro 0
HayaJia epBoi MUPOBOM BOMHBI» (TO ecTh B 1914 roxy wnm panee),
KOTOpas ocTajach HE3aMEUEHHOW COBPEMEHHUKAMU — a0COJIFOTHO
HE COOTBETCTBYET JICUCTBUTEILHOCTU U MPOTUBOPEUUT
odunManbHbIM JoKyMeHTaM. CorjaacHo 3TUM JOKyMeHTaM B 1916
rony«n-p Janunesckuii Koncrantun fkoBnesuy, [18]55 [r.p.],
[BeIyckHuK 18]79 [roma], [crieninanbHOCTH | HEpB[HBIE OOJIE3HH],
K[oJiexckuii | afceccop] — YUCTUTCSI TOPrOBO-CAHUTAPHBIM BPauOM
ropojackoro psiaka B [lerporpane (BacuibeBckuii moauieinckmia
okpyr); B 1917 rogy on npoxuBaet 1o agpecy Hesckuii 92°»,

6 Iepuon xxuznu K. 4. Janunesckoro ¢ 1901 mo 1917 rons! qetanbHo u3yueH
K. B. PycanoBbiM 1 E. I'. PycanoBoil. @aKThl TaKOBHI:

— Exxeronnoe n3nanne MuHHCTEPCTBA BHYTPEHHUX Jen “Poccuiickuii
Menunmuckuit Crincox” B cBoéM mocieqaeM Boimycke (1916 r.) comepkut umst
K. 5. lanuneBckoro Hapsay ¢ MMEeHaMU TPEX ero OpaTheB - AJIeKCaHpa,
Bacunus u Muxauna, Takxke NpakTUKYIOLIUX Bpadeu.

— B IlerepOypre/ ITerporpane K. . JlaHnneBckuil HECKOIBKO pa3 MEHSIT MECTO
xkutenbetBa. Anpec Ha 1917 rox — Ietporpan, Hesckuit 92.

—3a nepuox ¢ 1917 mo 1923 rox nanssix o K. 5. lanuieBckoM 0OHapyKHTb
HE YAaJoCh.

— O0BEMHOE M3/1aHKe, BBILIE/IIEe [TOCIIe TPAXKIAHCKOH BOHHBI “CITHCOK BpaueH
C.C.C.P. o cocrostamio Ha 1 staBaps 1924” conepxut nMeHa Tpéx OpaTheB
Hanunesckux (Anekcanapa, Bacumuist 1 Muxanina) 0[HAKO HE YIIOMHHACT
uHTepecytomee Hac mno — K. S. JlanuneBckoro.
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Three Danilewsky brothers
remained under the Bolsheviks... But
Konstantin not — Died? Emigrated?
Or flew off...”

—K. V. Rusanov
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K. A. Henusesckin.

Konstantin Yakovlevitch Danilewsky (1855 — after 1917),
was a scientist, physician-neurologist, inventor, aviation pioneer.

Birth date and place: He was born in 1855, in Kharkiv, Ukraine
(then Kharkov, Russian Empire).

Father: Yakov Petrovich Danilewsky, watchmaker and one of the
first photographers in Kharkiv.

Brothers: Alexander, Vasily, and Mikhail — all physicians and
scientists. Two of them — Alexander and Vasily were academicians.

Education:

Medical Faculty, Kharkov University (graduated 1879, cum laude).
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1884-1888. Postgraduate courses at Kharkov University and in 1889
awarded the degree of Doctor of Medicine.

Year 1889 was on assignment abroad (i.e.in Europe) mastering
electrotherapy and studying neurological diseases.

Family: married to Elena Nikolaevna Danilewskaya (maiden family
name not known).

Occupations / Employment / Career:

While a student, was on service with Red Cross during the Russian-
Turkey war [Editors: 1877-1878]

1879 ~ 1885 (18867?). (Likely seasonal summer occupation) assistant
to Dr. V. A. Frankovsky, and then to Dr. S. V. Ivanov (Kavkaz
Mineral Waters)

1880-1884. Assistant to the Chair of General Pathology, Kharkov
University.

1884-1888. Stipendiary for the Chair of General Pathology,
Kharkov University. (It was during this time that Dr. Danilewsky
built a flying model of his airship concept).

1890-1898. Part-time: Privat-dozent [Assistant Professor] of
Electrotheraphy, 1 — 2 hours/week, Kharkov University.

(During 1890-1893 work involved inventions and prototypes —
kymoreonom (a device for the electrical stimulation of nerves),
rotating rheostat, radiometer).

1892 ~ 1900 (19017?) Owner, Center for Hydrotherapy, Kharkov
(During this time, 1897-1899, Dr. Danilewsky conducted full-scale
development and experimentation on his airship designs; authored
reports with photographs and slides/transparencies; reports his
results to the Physicians Convention in Kiev; and also submits his
work to a number of journals in Germany, Britain, United States and,
possibly, France.)

1900 — Authored and published in Kharkiv an 82-page Russian-
language book YITPABJISIEMbIN JIETATEJIbHBIN CHAPSITH
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(“A Steerable Flying Apparatus”) summarizing his work on a
controllable aircraft.

Simultaneously he authors and published in the same printing house,
an 86-page German-language parallel publication, under the title
Ein lenkbarer Flug-Apparat.’

1903-04. On assignment, by Kharkiv University, abroad and to
Saint-Petersburg.

Moved permanently to Saint-Petersburg in the year 1904 or 1905.

1907-1916 (1917?) State employee, trade and sanitary inspector
[ToproBo-canuTapHbiii Bpau] Saint-Petersburg
Free-lance medical practitioner, same years and location.

Death date and place — not currently known, but certainly not
earlier than 1917! A citation found in many publications and often
repeated on-line about “K. Danilewsky’s ‘death on the eve of the
Great War’”, i.e. 1914 — is demonstrably incorrect!®

" This parallel German edition was only recently identified by W. J. Welker, in the
library of the Polish Museum of Aviation.

8 The 1901-1917 period of K. Danilewsky’s life was scrupulously studied by late
K. V. Rusanov and E. G. Rusanova:
— The yearly edition “Poccuiickuit Memununckuii Cincox (Russian Medical
Roll/List)”, in its last issue (1916) list reports in the name of Dr. K. Ya.
Danilewsky, as well as his three brothers (Alexander, Vasily and Mikhail), also
medical doctors.
— The last known address of Konstantin Danilewsky, year 1917 — Petrograd,
Nevsky [Ave] 92.
— Years 1917-1923 during the turmoil of Bolshevik Revolution and Civil War,
no documented traces of Konstantin Danilewsky have been found.
— The voluminous post-civil war publication “Lists of Medical Doctors of the
U.S.S.R. by January Ist, 1924” includes names of three brothers (Alexander,
Vasily and Mikhail), but does not mention our subject, Konstantin Danilewsky.
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Appendix B
Appendix B. Bibliography for additional research

Here we provide the information on potentially important
publications known to the editors, but not yet explored.

1. Two patents by Konstantin Danilewsky related to aviation --

a fragment of patent drawing is reproduced [by a web-site] with the
subtitle: "A.D. 1897 Oct. 22 No. 24,532 Danilewsky's Provisional
Specification”. The same [anonymous] author states:

“Konstantin I. Danilewsky was awarded two patents for
improvements in connection with aerostat flying machines:

British patent No. 24,532° and Nr. 103105 from the German patent
office.

2. The 16-page brochure (1898), published under the title identical to
one of a book (1900), but reporting the results of 1897-98 (rather
than 1899) experiments with oars-propelled balloon (ornithopter-
baloon), and only obliquely mentioned in the book --

is known to exist, under the title YrpaBnsemblii neTarenbHbIH
cuapsin (1898), (A steerable flying apparatus). This item is registered

® The British patent of Danilewsky may be accessed at
https://www.bl.uk/help/find-early-british-patents. The site states:

"1f you have a patent number and year. — Our electronic document store contains
images of English patents from 1617 to September 1852 and of British patents
from October 1852 to 1899. So, if you know the year and number of any English
or British patent from the period 1617 to 1899 you can view the document and
print a copy of it in any of our reading rooms.

[The web-site abovementioned states :]

Most British patents from 1890 onwards are available on the European

Patent Office's Espacenet database which you can access free of charge

on the internet.”
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https://www.google.com/url?q=https%3A%2F%2Fwww.bl.uk%2Fhelp%2Ffind-early-british-patents&sa=D&sntz=1&usg=AFQjCNFRNhbgLknZi8LQPTsgNxnMZLeOzA

in the library catalogue of the Kharkiv State University (Karazin
University) under the No. 22563.

3. Circumstantial evidence indicates that a number of K.
Danilewsky’s patents (or Privileges) related to aviation, during the
rule of the Russian Empire, are in storage with the archives of the
Russian Federation.
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Part IV

Hosting & Contacts

Web-addresses where this file can be found, and where additional
information will be placed in near future by the editors of this
publication related to the personality of Konstantin Danilewsky and
to the history of his airships. It is our hope that the work of Dr.
Danilewsky will never be lost again.

1) https://welweb.org/ThenandNow/Danilewsky.html — presents
significant details of each of the Danilewsky airship designs and
some research into where his experiments were conducted.

2) https://airbike.welweb.org/ — a site dedicated to this book,
Airbike...1897, as a location where the book can be downloaded,
free of charge.

3) https://airbikebook.org — hosting the PDF Airbike... /897 and
publishing historic and non-historic materials on K. Danilewsky and
his airships (past and future)

-- such as K. Danilewsky’s authentic Autobiography

-- unfinished research by K. Rusanov on “K. Danilewsky’s mystery”
-- a brief list of air-rowing and pedal, and other human-powered
airships, etc.

3) https://LTA4.ua “LTA for Ukraine” — hosting the free PDF
Airbike... 71897 in its Library section and providing information on
the promotion of ballooning, aerostats, aerostat systems, airships,
and hybrid aircraft.
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Contacts for communication with the editors:

Dr. Alexander Akimov is in the Ukraine and can be reached at
tlodkaua@gmail.com.

William Welker is in Colorado, United States of America and can be
reached at boffinbill@gmail.com.

335


mailto:tlodkaua@gmail.com
mailto:boffinbill@gmail.com

	Title Page
	Introduction
	Contents
	Foreword
	Acknowlegements
	Editors
	Comentary
	On the old method of Hydrogen Production
	On the variations of K. Danilewsky's airships
	Location of Danilewsky's pioneering and successful flights
	Part II
	Русский 
	Part IIb
	Deutsche 
	Part IIc
	English
	Part III
	Appendix A Danilewsky biography in Ukrainian, Russian, and English
	Appendix B Bibliography for additional research 
	Part IV Hosting & Contacts



